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STATE ACQUISITION COMPUTER, STATE
ACQUISITION METHOD, AND
INFORMATION PROCESSING SYSTEM

TECHNICAL FIELD

[0001] The disclosure below relates to technology for
acquiring a psychological state or a physical state of an
animal, and especially relates to a state acquisition com-
puter, a state acquisition method, and an information pro-
cessing system for acquiring a psychological state or a
physical state of an animal from an inter-beat interval.

BACKGROUND ART

[0002] Conventionally, technology for acquiring a psy-
chological or physical state of an animal has been known.
For example, a pulse wave diagnostic apparatus and a pulse
wave diagnostic apparatus control method are disclosed in
JP 5160586 B (PTL 1). According to PTL 1, a pulse wave
diagnostic apparatus is provided that includes a photoelec-
tric pulse wave detecting unit configured to receive light
transmitted through an artery or light scattered at the artery
to detect a pulse wave, a pulse wave amplitude Poincare
calculation unit configured to calculate a pulse wave ampli-
tude for each pulse of a pulse wave detected by the photo-
electric pulse wave detecting unit to calculate a point of the
pulse wave amplitude on an orthogonal coordinate plane
formed by the two sequentially calculated pulse wave ampli-
tudes as Poincare coordinates for each pulse, and a pulse
wave amplitude distribution calculation unit configured to
calculate a variation width between a maximum point and a
minimum point of the Poincare coordinates of the pulse
wave amplitudes calculated by the pulse wave amplitude
Poincare calculation unit, in which the pulse wave amplitude
distribution calculation unit calculates a variation width
between a maximum point and a minimum point in a range
defined by two straight lines represented by Y=X+a, and
Y=X-a on the Poincare coordinates of the pulse wave
amplitudes calculated by the pulse wave amplitude Poincare
calculation unit.

CITATION LIST

Patent Literature

[0003] PTL 1: JP 5160586 B
SUMMARY OF INVENTION
Technical Problem
[0004] Technology has been required in which a psycho-

logical or physical state of an animal can be recognized more
precisely or efficiently than the conventional technology.
The present disclosure is made to solve the problem, and an
object of the present disclosure is to provide a state acqui-
sition computer, a state acquisition method, and an infor-
mation processing system that can recognize a psychological
state or a physical state of an animal more precisely or
efficiently than the conventional technology.

Solution to Problem

[0005] According to an aspect of the present invention, a
state acquisition computer is provided that includes an
interface configured to acquire data for indicating an inter-

Aug. 8,2019

beat interval of an animal, and a processor configured to
convert a Poincare plot of inter-beat intervals into a pre-
scribed coordinate system, and based on a standard devia-
tion of the Poincare plot after conversion, acquire informa-
tion indicating a psychological state or a physical state of the
animal.

[0006] Preferably, the processor is configured to acquire
the information indicating the psychological state or the
physical state of the animal, based on a product of standard
deviations of at least two axes of the Poincare plot.

[0007] According to another aspect of the present inven-
tion, a state acquisition computer is provided that includes
an interface configured to acquire data for indicating an
inter-beat interval of an animal, and a processor configured
to acquire information indicating a psychological state or a
physical state of the animal, based on an average of dis-
tances between two sequential plots of a Poincare plot of
inter-beat intervals.

[0008] According to another aspect of the present inven-
tion, a state acquisition computer is provided that includes
an interface configured to acquire data for indicating an
inter-beat interval of an animal, and a processor configured
to acquire information indicating a psychological state or a
physical state of the animal, based on an amount or a
percentage of plots in a center portion of a Poincare plot of
inter-beat intervals.

[0009] Preferably, the state acquisition computer further
includes a memory configured to store a numerical value
range corresponding to each of a plurality of types of
psychological states or physical states. The processor is
configured to identify a psychological state or a physical
state of the animal by referring to the numerical value range,
based on the standard deviation, the average, or the amount
or percentage of the plots.

[0010] According to another aspect of the present inven-
tion, a state acquisition computer is provided that includes
an interface configured to acquire data for indicating an
inter-beat interval of an animal, and a processor configured
to acquire information indicating a psychological state or a
physical state of the animal by generating a histogram of the
inter-beat intervals.

[0011] According to another aspect of the present inven-
tion, a state acquisition computer is provided that includes
an interface configured to acquire data for indicating an
inter-beat interval of an animal, and a processor configured
to acquire information indicating a psychological state or a
physical state of the animal by generating a trajectory of a
Poincare plot of the inter-beat intervals.

[0012] Preferably, the state acquisition computer further
includes a memory configured to store data related to a
histogram or a trajectory of a Poincare plot corresponding to
each of a plurality of types of psychological states or
physical states. The processor is configured to identify a
psychological state or a physical state of an animal by
referring to the data, based on the histogram generated or the
trajectory of the Poincare plot generated.

[0013] Preferably, the processor is configured to acquire
the psychological state or the physical state of the animal by
using a plurality of methods among the above methods for
acquiring the information indicating the psychological state
or the physical state of the animal.
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[0014] Preferably, an animal being a target has a respira-
tory sinus arrhythmia.

[0015] According to another aspect of the present inven-
tion, a state acquisition method of a psychological state or a
physical state of an animal by using a computer including a
processor is provided. The state acquisition method is pro-
vided that includes a step for acquiring data for indicating an
inter-beat interval of an animal, a step for converting a
Poincare plot of inter-beat intervals into a prescribed coor-
dinate system, a step for calculating a standard deviation of
the Poincare plot after conversion, and a step for acquiring
information indicating a psychological state or a physical
state of the animal, based on the standard deviation.

[0016] According to another aspect of the present inven-
tion, a state acquisition method of a psychological state or a
physical state of an animal by using a computer including a
processor is provided. The state acquisition method includes
a step for acquiring data for indicating an inter-beat interval
of an animal, a step for calculating an average of distances
between two sequential plots of a Poincare plot of the
inter-beat intervals, and a step for acquiring information
indicating a psychological state or a physical state of the
animal, based on the average.

[0017] According to another aspect of the present inven-
tion, a state acquisition method of a psychological state or a
physical state of an animal by using a computer including a
processor is provided. The state acquisition method includes
a step for acquiring data for indicating an inter-beat interval
of an animal, a step for generating a histogram of the
inter-beat intervals, and a step for acquiring information
indicating a psychological state or a physical state of the
animal, based on the histogram.

[0018] According to another aspect of the present inven-
tion, a state acquisition method of a psychological state or a
physical state of an animal by using a computer including a
processor is provided. The state acquisition method includes
a step for acquiring data for indicating an inter-beat interval
of an animal, a step for generating a trajectory of a Poincare
plot of the inter-beat intervals, and a step for acquiring
information indicating a psychological state or a physical
state of the animal, based on the trajectory.

[0019] According to another aspect of the present inven-
tion, a state acquisition method of a psychological state or a
physical state of an animal by using a computer including a
processor is provided. The state acquisition method includes
a step for acquiring data for indicating an inter-beat interval
of an animal, and a step for acquiring information indicating
a psychological state or a physical state of the animal, based
on an amount of plots in a center portion of a Poincare plot
of inter-beat intervals.

[0020] According to another aspect of the present inven-
tion, an information processing system is provided that
includes an output device, a sensor configured to detect a
pulsation of an animal, and a computer configured to acquire
data for indicating an inter-beat interval of the animal from
the sensor, convert a Poincare plot of inter-beat intervals into
a prescribed coordinate system, acquire information indi-
cating a psychological state or a physical state of the animal
based on a standard deviation of the Poincare plot after
conversion, and cause the output device to output the
information.

Aug. 8,2019

Advantage Effects of Invention

[0021] As described above, the present disclosure pro-
vides a state acquisition computer, a state acquisition
method, and an information processing system that can
recognize a psychological state or a physical state of an
animal more precisely or efficiently than the conventional
technology.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG.1is a diagram showing an entire configuration
of a state acquisition system 1 according to a first embodi-
ment.

[0023] FIG. 2 is a diagram showing a functional configu-
ration of the state acquisition system 1 according to the first
embodiment.

[0024] FIG. 3 is a flowchart showing a processing proce-
dure of the state acquisition system 1 according to the first
embodiment.

[0025] FIG. 4 is a diagram showing a table indicating
correspondence relation between an inter-beat interval R-R
(n) and the following inter-beat interval R-R (n+1) accord-
ing to the first embodiment.

[0026] FIG. 5isa conceptual diagram showing conversion
from a table 321A indicating correspondence relation
between an inter-beat interval R-R (n) and the following
inter-beat interval R-R (n+1) into axes in a Y=X direction
and a direction perpendicular to the Y=X direction according
to the first embodiment.

[0027] FIG. 6 is a table showing standards of standard
deviations related to a Y=X axis and an axis perpendicular
to the Y=X axis for each of psychological states or physical
states of a dog according to the first embodiment.

[0028] FIG. 7 is a diagram showing an entire configuration
of the state acquisition system 1 including a server according
to the first embodiment.

[0029] FIG. 8 is a Poincare plot diagram of a dog in a state
of excitement according to the first embodiment.

[0030] FIG. 9 is a Poincare plot diagram of a dog in a
normal state in which breathing of the dog is stable accord-
ing to the first embodiment.

[0031] FIG. 10 is a Poincare plot diagram of a dog in a
normal state according to the first embodiment.

[0032] FIG. 11 is a Poincare plot diagram in a rest state of
a dog according to the first embodiment.

[0033] FIG. 12 shows a processing procedure of the state
acquisition system 1 according to a second embodiment.
[0034] FIG. 13 is a table showing standards of standard
deviations related to a Y=X axis and an axis perpendicular
to the Y=X axis, a product of the standard deviations, and a
ratio of the standard deviations for each of psychological
states or physical states of a dog according to the second
embodiment.

[0035] FIG. 14 shows a processing procedure of the state
acquisition system 1 according to a third embodiment.
[0036] FIG. 15 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to a fourth
embodiment.

[0037] FIG. 16 is a diagram showing a distance table 321B
according to the fourth embodiment.

[0038] FIG. 17 is a table showing a standard of an average
of distances for each of psychological states or physical
states of a dog according to the fourth embodiment.
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[0039] FIG. 18 is a diagram showing a functional con-
figuration of the state acquisition system 1 according to a
fifth embodiment.

[0040] FIG. 19 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to the fifth
embodiment.

[0041] FIG. 20 is a diagram showing a functional con-
figuration of the state acquisition system 1 according to a
seventh embodiment.

[0042] FIG. 21 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to the
seventh embodiment.

[0043] FIG. 22 is a diagram in which values in a histogram
of a dog in a state of excitement according to the seventh
embodiment is represented with a broken line.

[0044] FIG. 23 is a histogram of a dog in a normal state in
which breathing of the dog is stable according to the seventh
embodiment.

[0045] FIG. 24 is a histogram of a dog in a normal state
according to the seventh embodiment.

[0046] FIG. 25 is a histogram in a rest state of a dog
according to the seventh embodiment.

[0047] FIG. 26 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to an
eighth embodiment.

[0048] FIG. 27 is a trajectory of a Poincare plot of a dog
in a state of excitement according to the eighth embodiment.
[0049] FIG. 28 is a trajectory of a Poincare plot of a dog
in a normal state in which breathing of the dog is stable
according to the eighth embodiment.

[0050] FIG. 29 is a trajectory of a Poincare plot of a dog
in a normal state according to the eighth embodiment.
[0051] FIG. 30 is a trajectory of a Poincare plot in a rest
state of a dog according to the eighth embodiment.

[0052] FIG. 31 is a diagram showing a histogram or a
pattern of a trajectory of a Poincare plot and an example in
which matching degree thereof is represented by a numerical
value according to a tenth embodiment.

[0053] FIG. 32 is a diagram showing a functional con-
figuration of the state acquisition system 1 according to an
eleventh embodiment.

[0054] FIG. 33 is a diagram showing a functional con-
figuration of a first state acquisition system 1 according to a
thirteenth embodiment.

[0055] FIG. 34 is a diagram showing a functional con-
figuration of a second state acquisition system 1 according
to the thirteenth embodiment.

[0056] FIG. 35 is a diagram showing a functional con-
figuration of a third state acquisition system 1 according to
the thirteenth embodiment.

[0057] FIG. 36 is a diagram showing a functional con-
figuration of a fourth state acquisition system 1 according to
the thirteenth embodiment.

[0058] FIG. 37 is a time series graph of products of
standard deviations of a Poincare plot after axis conversion
according to a fourteenth embodiment.

[0059] FIG. 38 is a diagram showing a mean value and
variation of products of standard deviations of a Poincare
plot after axis conversion according to the fourteenth
embodiment.

[0060] FIG. 39 is a flowchart showing a first processing
procedure of the state acquisition system 1 according to the
fourteenth embodiment.
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[0061] FIG. 40 is a flowchart showing a second processing
procedure of the state acquisition system 1 according to the
fourteenth embodiment.

[0062] FIG. 41 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to the
fifteenth embodiment.

[0063] FIG. 42 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to a
sixteenth embodiment.

[0064] FIG. 43 is a diagram for comparing mean values
and variation of products of standard deviations of a Poin-
care plot after axis conversion at time A and time B
according to the sixteenth embodiment.

[0065] FIG. 44 is a flowchart showing a processing pro-
cedure of the state acquisition system 1 according to a
seventeenth embodiment.

[0066] FIG. 45 is a diagram for comparison after normal-
ization of mean values and variation of products of standard
deviations of a Poincare plot after axis conversion at time A
and time B according to the seventeenth embodiment.

DESCRIPTION OF EMBODIMENTS

[0067] Embodiments of the present disclosure will be
described below with reference to drawings. In descriptions
below, identical components are denoted by an identical
reference sign. The identical components have an identical
name and function. Therefore, descriptions thereof will not
be repeated.

First Embodiment

Entire Configuration of State Acquisition System

[0068] First, with reference to FIG. 1, a processing pro-
cedure of the state acquisition system 1 according to the
present embodiment will be described. FIG. 1 is a diagram
showing the entire configuration of the state acquisition
system 1 according to the present embodiment. Note that, on
behalf of an animal, a case will be described below in which
a state of a dog having a respiratory sinus arrhythmia is
determined.

[0069] The state acquisition system 1 according to the
present embodiment mainly includes electrodes 401, 402,
403 that can be attached to the chest region of a dog, and is
configured to acquire electrocardilgram, a signal processing
apparatus 500 configured to process an electrocardiographic
signal, and a communication terminal 300 that can commu-
nicate with the signal processing apparatus 500.

[0070] The electrodes 401, 402, 403 for acquiring the
electrocardilgram are preferably attached to a position where
the heart region is interposed on the chest region or the like,
and may be attached to a hairless location such as a paw pad
on both front feet (or a front foot and a hind foot), for
example. Additionally, it is preferable that a dog be in a
sheared state, gel or the like be adhered to the electrodes, or
the electrodes have a protruding structure and have a con-
figuration that contacts with skin even when the skin has
hair. Alternatively, in a state where the skin has hair, a
configuration is preferable in which the electrocardilgram is
induced via a capacitive material in a non-contact manner.
Accordingly, even in a case of an animal having surface skin
covered with hair such as a dog, the electrocardilgram can
be acquired. In the present embodiment, a configuration is
adopted in which three electrodes 401, 402, 403 are used,
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but it is sufficient that at least two electrodes are used, or a
configuration may be adopted in which more electrodes are
used.

Functional Configuration and Processing Procedure of State
Acquisition System

[0071] Next, with reference to FIG. 2 and FIG. 3, a
functional configuration and a processing procedure of the
state acquisition system 1 according to the present embodi-
ment will be described. FIG. 2 is a diagram showing the
functional configuration of the state acquisition system 1
according to the present embodiment. FIG. 3 is a flowchart
showing the processing procedure of the state acquisition
system 1 according to the present embodiment.

[0072] First, a configuration of the signal processing appa-
ratus 500 in the state acquisition system 1 will be described.
The signal processing apparatus 500 includes a electrocar-
dilgram preprocessing unit 511, an inter-beat interval cal-
culation unit 512, and a transmission unit 560.

[0073] The electrocardilgram preprocessing unit 511
includes a filter and an amplifier. The electrocardilgram
preprocessing unit 511 converts an electrocardiographic
signal transmitted from the electrodes 401, 402, 403 into
pulsation data, and delivers the pulsation data to the intet-
beat interval calculation unit 512.

[0074] More particularly, the electrocardilgram prepro-
cessing unit 511 includes a filter device such as a high pass
filter and a low pass filter, an amplification device formed of
an operational amplifier and the like, an A/D conversion
device configured to convert an analog signal of the elec-
trocardilgram to a digital signal, and the like. Note that a
configuration may be adopted in which the filter device, the
amplification device, or the like is implemented by software.
Moreover, the A/D conversion device preferably performs
sampling in a period and with accuracy in which a difference
between fluctuation amounts of the inter-beat intervals can
be determined. That is, the A/D conversion frequency is
preferably equal to 25 Hz or higher. For example, in the
present embodiment, the electrocardiographic signal is
sampled with 100 Hz. Increasing a sampling frequency
enables the fluctuation amount of the inter-beat intervals to
be precisely recognized.

[0075] The inter-beat interval calculation unit 512 is, for
example, realized by a Central Processing Unit (CPU) 510
executing programs stored in a memory. The inter-beat
interval calculation unit 512 sequentially calculates inter-
beat intervals based on the pulsation data. More particularly,
the inter-beat interval calculation unit 512 detects a peak
signal (R wave) of the electrocardilgram by a method such
as threshold value detection, and calculates a period (time)
between the peak signals of the respective electrocardil-
gram. As a calculation method of the inter-beat interval,
other than the above method, a method deriving a period by
using an autocorrelation function or a method using a
rectangular wave correlation trigger may be used.

[0076] In the present embodiment, the inter-beat interval
calculation unit 512 sequentially executes calculation of the
inter-beat intervals for sequentially inputted electrocardio-
graphic signals. The inter-beat interval calculation unit 512
transmits the calculated inter-beat interval and the pulsation
data themselves to the communication terminal 300 via the
transmission unit 560. Note that the transmission unit 560 is
realized by a communication interface including an antenna,
a connector, or the like.
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[0077] Next, a configuration of the communication termi-
nal 300 will be described. The communication terminal 300
includes a reception unit 361, an inter-beat interval storage
memory 321, a statistical processing unit 311, a Poincare
plot generation unit 312, a result output unit 313, a display
330, a data storage memory 322, and a transmission unit
362.

[0078] First, the reception unit 361 and the transmission
unit 362 are realized by a communication interface 360
including an antenna, a connector, or the like. The reception
unit 361 receives data indicating the inter-beat interval from
the signal processing apparatus 500 (step S102).

[0079] The inter-beat interval storage memory 321 is
formed of various types of memories 320 and stores the data
received from the signal processing apparatus 500. In the
present embodiment, a CPU 310 sequentially stores the
inter-beat intervals received via the communication interface
360 as an inter-beat interval table in the memory 320 (step
S104). However, these data may be stored in the memory
320 of the communication terminal 300, or in other appa-
ratuses that can be accessed from the communication ter-
minal 300.

[0080] For example, the CPU 310 executes a program in
the memory 320, so that the statistical processing unit 311,
the Poincare plot generation unit 312, and the result output
unit 313 are realized. The statistical processing unit 311
reads the inter-beat interval data from the inter-beat interval
storage memory 321 at a fixed time unit, such as a minute,
10 minutes, or an hour, which is a time unit required for
determining a state, for example, and generates a table 321 A
indicating correspondence relation between an inter-beat
interval R-R (n) and the following inter-beat interval R-R
(n+1), as shown in FIG. 4 (step S106). The inter-beat
interval is calculated, for example, in the unit of millisec-
onds (msec), as shown in the figure.

[0081] As shown in FIG. 5, the statistical processing unit
311 converts the table indicating correspondence relation
between the inter-beat interval R-R (n) and the following
inter-beat interval R-R (n+1) into axes in a Y=X direction
and a direction perpendicular to the Y=X direction (step
S108).

[0082] The statistical processing unit 311 calculates a
standard deviation related to numerical series forming each
axis after axis conversion (step S110). Note that the statis-
tical processing unit 311 may calculate only a standard
deviation related to a Y=X axis, only a standard deviation
related to an axis perpendicular to the Y=X axis, or both the
standard deviations. FIG. 6 is a table showing standards of
standard deviations related to a Y=X axis and an axis
perpendicular to the Y=X axis for each of psychological
states or physical states of a dog.

[0083] Note that the statistical processing unit 311 may
determine an axis in which a spread is maximum by using
a method such as main component analysis to calculate
standard deviations related to the axis and an axis perpen-
dicular to the first-mentioned axis. Further, the statistical
processing unit 311 may calculate standard deviations
related to an X axis and a Y axis without performing the axis
conversion. When directions in which spreads are large are
an X axis direction and a Y direction, a variation state of the
inter-beat intervals plotted by a Poincare plot can be evalu-
ated by calculating the standard deviations related to the X
axis and the Y axis without performing the axis conversion.
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In this case, a calculation amount can be reduced because the
axis conversion is unnecessary.

[0084] The result output unit 313 allows an output device
of itself or an external output device, such as the display 330
or a speaker, to display a standard deviation or output an
audio message (step S114). Note that, to be specific, the
result output unit 313 may output only a standard deviation
related to a Y=X axis, only a standard deviation related to an
axis perpendicular to the Y=X axis, both the standard
deviations, only a larger one, or a smaller one.

[0085] By calculating a standard deviation, a variation
state of the inter-beat intervals plotted by a Poincare plot
with each of an inter-beat interval R-R (n) and the following
inter-beat interval R-R (n+1) used as an axis can be evalu-
ated.

[0086] Note that, as shown in FIG. 7, the state acquisition
system 1 according to the present embodiment may have a
configuration including a server 100 with which the com-
munication terminal 300 can communicate. In this case, the
CPU 310 as the result output unit 313 stores a standard
deviation, a relation table, or the like in the data storage
memory 322, and uses the transmission unit 362 to perform
transmission to the server 100 via the Internet. With this, the
output result this time can be utilized to recognize a short-
term or long-term stress state of an observation target.
[0087] In the present embodiment, apart from the step
S108, at the same time, the Poincare plot generation unit 312
acquires data of the inter-beat intervals R-R (n) and the
following inter-beat intervals R-R (n+1) in a range that has
been used in the standard deviation calculation from the
correspondence relation table shown in FIG. 4 to generate
the Poincare plot diagrams shown in FIG. 8 to FIG. 11.
[0088] Additionally, the result output unit 313 allows an
output device of itself or an external output device such as
a display to display the generated Poincare plot diagram.
Note that the Poincare plot generation unit 312 may utilize
the result in the step S108 to generate and output the
Poincare plot diagram after the axis conversion.

[0089] Hereinafter, the Poincare plot diagram will be
described. FIG. 8 is a Poincare plot diagram of a dog in a
state of excitement according to the present embodiment.
FIG. 9 is a Poincare plot diagram of a dog in a normal state
in which breathing of the dog is stable according to the
present embodiment. FIG. 10 is a Poincare plot diagram of
a dog in a normal state according to the present embodiment.
FIG. 11 is a Poincare plot diagram in a rest state of a dog
according to the present embodiment.

[0090] First, in a case of an animal having a respiratory
sinus arrhythmia, such as a dog, in an excited state as in FIG.
8, a heart rate increases (an inter-beat interval becomes
shorter), fluctuation of the inter-beat interval becomes
smaller, and plot points are in a state of gathering at a certain
place.

[0091] In addition, in a normal state in which breathing is
stable as in FIG. 9, a heart rate is not so low compared with
that in a rest state (a spread of plot points is not so large
compared with that in the rest state), but a region where the
number of the plot points is small (a blank hole) exists in a
center portion of distribution of the plot points. A reason of
such a shape is that pulsation fluctuation periodically
changes because a heart rate of a dog is largely influenced
by breathing (respiratory sinus arrhythmia). Accordingly,
although the pulsation is not slow in a relaxed state, since the
breathing is stably performed, the blank exists.
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[0092] Additionally, in a normal state as in FIG. 10,
although pulsation fluctuation occurs and variation becomes
larger (plot points spread), the plot points are in a scattered
state.

[0093] Further, in a rest state as in FIG. 11, an inter-beat
interval becomes larger because a dog is in a relaxed state,
and since a respiratory sinus arrhythmia largely influences
the plot points, a spread of plot points becomes larger, and
a shape of the plot points becomes close to a circle, a
rectangle, or a triangle. In any shape among the above-
described shapes, in the rest state, distribution of the plot
points of a Poincare plot becomes a shape having a blank
part in a center portion.

[0094] Therefore, in the present embodiment, the degree
of the distribution spread of the plot points of the Poincare
plot, the size, the shape, and whether the number of the plot
points in the center portion is large or small, can be indi-
rectly estimated based on a calculation result, and as a result,
a psychological state or a physical state of an animal can be
estimated.

Second Embodiment

[0095] In the first embodiment, the communication termi-
nal 300 outputs the standard deviation along the Y=X axis
or the standard deviation along the axis perpendicular to the
Y=X axis, of the Poincare plot. However, in the present
embodiment, a product of these two standard deviations is
calculated. With reference to FIG. 12, a processing proce-
dure of the state acquisition system 1 according to the
present embodiment will be described below.

[0096] FIG. 12 is a flowchart showing the processing
procedure of the state acquisition system 1 according to the
present embodiment. Since a step S202 to a step S208 are
identical to the step S102 to the step 108 in the first
embodiment, the description will not be repeated hereinafter.
[0097] The CPU 310 as the statistical processing unit 311
calculates a standard deviation related to each axis after the
axis conversion (step S210). Note that the statistical pro-
cessing unit 311 may determine an axis in which a spread is
maximum to calculate standard deviations related to the axis
and an axis perpendicular to the first-mentioned axis.

[0098] Additionally, the statistical processing unit 311
calculates the product of these two standard deviations (step
S212).

[0099] The result output unit 313 allows, for example, an

output device of itself or an external output device, such as
a display or a speaker, to display a product of standard
deviations or output an audio message (step S214). More
particularly, the result output unit 313 may output a standard
deviation related to the Y=X axis, a standard deviation
related to the axis perpendicular to the Y=X axis, and a
product of both the standard deviations.

[0100] FIG. 13 is a table showing standards of standard
deviations related to the Y=X axis and the axis perpendicular
to the Y=X axis, a product of the standard deviations, and a
ratio of the standard deviations for each of psychological
states or physical states of a dog.

[0101] By calculating a product of standard deviations, as
for a distribution spread of the inter-beat intervals plotted by
a Poincare plot with each of an inter-beat interval R-R (n)
and the following inter-beat interval R-R (n+1) used as an
axis, a variation state, that is, a size and a shape of the
spread, whether the plot points are uniformly distributed,
whether a blank exists in a center portion, or the like can be
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evaluated. Moreover, even in a state where an aspect ratio is
identical but only the size changes, or even in a case where
a distribution spread area is identical but the variation state
is different, the variation state can be efficiently evaluated.
[0102] In this case, the result output unit 313 stores a
standard deviation, a product of the standard deviations, a
correspondence relation table, or the like in the data storage
memory 322, and uses the transmission unit 362 to perform
transmission to the server 100 via the Internet. With this, the
output result this time can be utilized to recognize a short-
term or long-term stress state of an observation target.
[0103] Also in the present embodiment, the CPU 310 as
the Poincare plot generation unit 312 may generate Poincare
plot diagrams as shown in FIG. 8 to FIG. 11, allow the
generated Poincare plot diagram to be displayed by an
output device such as a display, and transmit the generated
Poincare plot diagram to the server 100.

[0104] Note that, in the present embodiment, although the
statistical processing unit 311 calculates a product of stan-
dard deviations related to two axes, a product of standard
deviations related to three or more axes may be calculated.
[0105] Therefore, in the present embodiment, the degree
of the distribution spread of the plot points of the Poincare
plot, the size, the shape, and whether the number of the plot
points in the center portion is large or small, can be indi-
rectly estimated based on a calculation result, and as a result,
a psychological state or a physical state of an animal can be
estimated.

Third Embodiment

[0106] In the first embodiment, the communication termi-
nal 300 outputs the standard deviation related to the Y=X
axis or the standard deviation related to the axis perpen-
dicular to the Y=X axis, of the Poincare plot. However, in
the present embodiment, a standard deviation related to an
X axis or a Y axis of a Poincare plot before axis conversion
or a product of standard deviations is calculated. With
reference to FIG. 14, a processing procedure of the state
acquisition system 1 according to the present embodiment
will be described below.

[0107] FIG. 14 is a flowchart showing the processing
procedure of the state acquisition system 1 according to the
present embodiment. Since a step S302 to a step S304 are
identical to the step S102 to the step 104 in the first
embodiment, the description will not be repeated hereinafter.
[0108] The statistical processing unit 311 reads the inter-
beat interval data from the inter-beat interval storage
memory 321 at a fixed time unit, such as a minute, 10
minutes, or an hour, which is a time unit required for
determining a state, for example, and generates a relation
table between an inter-beat interval R-R (n) and the follow-
ing inter-beat interval R-R (n+1) (step S306).

[0109] The statistical processing unit 311 calculates a
standard deviation related to the X axis and a standard
deviation related to the Y axis (step S310).

[0110] Additionally, the statistical processing unit 311
calculates the product of these two standard deviations (step
S312).

[0111] The CPU 310 as the result output unit 313 allows,
for example, an output device, such as a display or a speaker,
to display a product of standard deviations or output an
audio message (step S314). More particularly, the result
output unit 313 may output a standard deviation related to
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the X axis, a standard deviation related to the Y axis, and a
product of both the standard deviations.

[0112] By calculating a product of standard deviations, a
variation state of the inter-beat intervals plotted by a Poin-
care plot with each of an inter-beat interval R-R (n) and the
following inter-beat interval R-R (n+1) used as an axis can
be evaluated.

[0113] Note that, also in the present embodiment, the CPU
310 as the result output unit 313 stores a standard deviation,
a product of the standard deviations, a correspondence
relation table, or the like in the data storage memory 322,
and uses the transmission unit 362 to perform transmission
to the server 100 via the Internet. With this, the output result
this time can be utilized to recognize a short-term or
long-term stress state of an observation target.

[0114] Also in the present embodiment, the CPU 310 as
the Poincare plot generation unit 312 may generate Poincare
plot diagrams as shown in FIG. 8 to FIG. 11, allow the
generated Poincare plot diagram to be displayed by an
output device such as a display, and transmit the generated
Poincare plot diagram to the server 100.

[0115] Note that, the excited state, a first normal state (a
normal and stable breathing state), a second normal state,
and the rest state in the first embodiment to the third
embodiment can be used as an index indicating a stress state.
These states correlate with LF/HF analysis of the inter-beat
interval. In the state in FIG. 8, an LF/HF value is large, and
as the state transits to FIG. 9, FIG. 10, FIG. 11 in order, the
LF/HF value becomes smaller. This means a relaxed state.
Accordingly, transition of a stress state of a dog can be
recognized. However, LF/HF has a limit in a range that can
be distinguished, and thus the state can be distinguished in
detail by using the Poincare plot. In addition, using the
Poincare plot has an advantage that a calculation amount
decreases, because frequency analysis such as LF/HF analy-
sis is unnecessary.

[0116] Therefore, in the present embodiment, the degree
of the distribution spread of the Poincare plot, the size, the
shape, and whether the number of the plot points in the
center portion is large or small, can be estimated based on a
calculation result, and as a result, a psychological state or a
physical state of an animal can be estimated.

Fourth Embodiment

[0117] In the first embodiment to the third embodiment,
the communication terminal 300 outputs the standard devia-
tion or the product of the standard deviations of the Poincare
plot. However, in the present embodiment. an average of
distances between two sequential plots of the Poincare plot
is calculated. With reference to FIG. 15, a processing
procedure of the state acquisition system 1 according to the
present embodiment will be described below.

[0118] FIG. 15 is a flowchart showing the processing
procedure of the state acquisition system 1 according to the
present embodiment. Since a step S402 to a step S406 are
identical to the step S102 to the step 106 in the first
embodiment, the description will not be repeated hereinafter.
[0119] The CPU 310 as the statistical processing unit 311
calculates distances from [R-R (n), R-R (n+1)] to the fol-
lowing [R-R (n), R-R (n+1)] in a certain period, and stores
the distance table 321B as shown in FIG. 16 in the memory
320. The CPU 310 calculates an average of the calculated
distances (step S410). Note that the statistical processing
unit 311 may determine an axis in which a spread is
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maximum and calculate the average of the distances after
conversion to the determined axis.

[0120] The CPU 310 as the result output unit 313 allows,
for example, an output device, such as a display or a speaker,
to display the average of the distances or output an audio
message (step S412).

[0121] FIG. 17 is a table showing a standard of an average
of distances for each of psychological states or physical
states of a dog according to the present embodiment.
[0122] Since the distances between the respective points
are different due to the distribution state of the Poincare plot,
calculating the average can allow the shape of the Poincare
plot to be reflected. Therefore, in the present embodiment,
the degree of the distribution spread of the Poincare plot, the
size, the shape, and whether the number of the plot points in
the center portion is large or small, can be estimated based
on a calculation result, and as a result, a psychological state
or a physical state of an animal can be estimated.

Fifth Embodiment

[0123] In the first embodiment to the fourth embodiment,
the communication terminal 300 outputs the Poincare plot
itself, the standard deviation, the product of the standard
deviations, the average of the distances, or the like. How-
ever, in the present embodiment, based on these numerical
values, a state of an animal is also determined.

[0124] First, with reference to FIG. 18, a functional con-
figuration of the state acquisition system 1 according to the
present embodiment will be described. FI1G. 18 is a diagram
showing the functional configuration of the state acquisition
system 1 according to the present embodiment.

[0125] The communication terminal 300 includes a state
determination unit 314, compared with the communication
terminal 300 according to the first embodiment to the fourth
embodiment. For example, the CPU 310 executes a program
in the memory 320, so that the state determination unit 314
is realized.

[0126] The memory 320 in the communication terminal
300 stores a numerical value range and model feature data
for each state of an animal. For example, the memory 320
stores a numerical value range or a threshold value of the
standard deviation for each state. Alternatively, the memory
320 stores a numerical value range or a threshold value of
the product of the standard deviations for each state. Alter-
natively, the memory stores a numerical value range or a
threshold value of the average of the distances for each state.
Alternatively, the memory 320 stores a model shape of the
Poincare plot of each state.

[0127] With reference to FIG. 19, a processing procedure
of the state acquisition system 1 according to the present
embodiment will be described below. FIG. 19 is a flowchart
showing the processing procedure of the state acquisition
system 1 according to the present embodiment. Since a step
S502 to a step S508 are identical to the step S102 to the step
108 in the first embodiment, the description will not be
repeated hereinafter.

[0128] The statistical processing unit 311 calculates the
standard deviation, the product of the standard deviations,
the average of the distances, or the like (step S510). Note
that, here, the Poincare plot generation unit 312 may gen-
erate the Poincare plot.

[0129] Next, the CPU 310 as the state determination unit
314 determines the numerical value range corresponding to
the state within which the standard deviation from the
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statistical processing unit 311 falls (step S512). Alterna-
tively, the state determination unit 314 determines the
numerical value range corresponding to the state within
which the product of the standard deviations from the
statistical processing unit 311 falls. Alternatively, the state
determination unit 314 determines the numerical value range
corresponding to the state within which the average of the
distances from the statistical processing unit 311 falls. The
state determination unit 314 determines the model shape of
the Poincare plot corresponding to the state to which the
Poincare plot shape from the statistical processing unit 311
or the Poincare plot generation unit 312 is similar.

[0130] For example, the memory 320 as the data storage
memory 322 stores data, smaller than 5.0x10” in the excited
state, equal to or larger than 5.0x10* and smaller than
1.0x10° in the first normal state, equal to or larger than
1.0x10° and smaller than 1.4x10° in the second normal state,
and equal to or larger than 1.4x10° in the rest state, as the
numerical value ranges of the product of the standard
deviations. Moreover, the state determination unit 314 deter-
mines the state based on the data.

[0131] Alternatively, the memory 320 as the data storage
memory 322 stores data, smaller than 4.0x10* in the excited
state, equal to or larger than 4.0x10* and smaller than
5.0x10? in the first normal state, equal to or larger than
5.0x10? and smaller than 6.0x10? in the second normal state,
and equal to or larger than 6.0x10° in the rest state, as the
numerical value ranges of the average of the distances.
Additionally, the state determination unit 314 determines the
numerical value range corresponding to the state within
which the calculation result from the statistical processing
unit 311 falls.

[0132] The CPU 310 as the result output unit 313 allows,
for example, an output device, such as a display or a speaker,
to display the standard deviation, the product of the standard
deviations, the average of the distances, the Poincare plot
graph itself, and the state of the animal as the determination
result or output an audio message (step S514).

[0133] Note that the result output unit 313 stores the
calculation result, the determination result, or the like in the
data storage memory 322, and uses the transmission unit 362
to transmit the calculation result, the determination result, or
the like to the server 100 via the Internet. With this, the
output result this time can be utilized to recognize a short-
term or long-term stress state of an observation target.

[0134] Therefore, in the present embodiment, the degree
of the distribution spread of the Poincare plot, the size, the
shape, and whether the number of the plot points in the
center portion is large or small, can be estimated based on
the calculation result, and as a result, a psychological state
or a physical state of an animal can be estimated. That is, as
for an animal, due to a psychological state (excitement,
anger, delight, sadness, fun, stress state, stress-free state), a
variation state of inter-beat intervals changes. In addition,
also as for change of a physical state (due to exercise, body
motion, sleep, rest, disease, pain), a variation state of inter-
beat intervals changes. The change of these state can be
estimated. Recognizing the state change enables mutual
understanding or communication support between an animal
and a human, training, exercise load adjustment, or the like.
Further, detecting the change in the psychological state or
the physical state due to disease can be useful for treatment
or disease observation.
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Sixth Embodiment

[0135] Note that, in FIG. 19, the statistical processing unit
311 may acquire a plurality of indexes among the standard
deviation, the product of the standard deviations, the average
of the distances, the Poincare plot graph, or the like (step
S510). Moreover, the state determination unit 314 may
determine the state of the animal, based on the plurality of
indexes (step S512). In this case, the state determination unit
314 may determine the state based on the index with higher
matching degree, or may determine the most unstable state
among a plurality of the determination results as the deter-
mination result.

Seventh Embodiment

[0136] In the first embodiment to the sixth embodiment,
the Poincare plot is mainly used for determining the state of
the animal. In the present embodiment, the histogram of the
inter-beat intervals is used for determining the state of the
animal.

[0137] First, with reference to FIG. 20, a functional con-
figuration of the state acquisition system 1 according to the
present embodiment will be described. FIG. 20 is a diagram
showing the functional configuration of the state acquisition
system 1 according to the present embodiment.

[0138] The communication terminal 300 includes a histo-
gram generation unit 315, instead of the Poincare plot
generation unit 312, compared with the communication
terminal 300 according to the fifth embodiment. For
example, the CPU 310 executes a program in the memory
320, so that the histogram generation unit 315 is realized.
[0139] The memory 320 in the communication terminal
300 stores histogram model data or the like for each state of
the animal.

[0140] With reference to FIG. 21, a processing procedure
of the state acquisition system 1 according to the present
embodiment will be described below. FIG. 21 is a flowchart
showing the processing procedure of the state acquisition
system 1 according to the present embodiment. Since a step
S702 to a step S704 are identical to the step S102 to the step
104 in the first embodiment, the description will not be
repeated hereinafter.

[0141] The CPU 310 as the statistical processing unit 311
reads the inter-beat interval data from the inter-beat interval
storage memory 321 at a fixed time unit, such as a minute,
10 minutes, or an hour, which is a time unit required for
determining a state, for example, and generates a histogram
indicating relation between the inter-beat interval and its
frequency, as shown in FIG. 22 to FIG. 25 (step S706).
[0142] Next, the CPU 310 as the state determination unit
314 determines the state corresponding to the histogram
model shape to which a shape of the histogram from the
histogram generation unit 315 is similar (step S712).
[0143] The CPU 310 as the result output unit 313 allows,
for example, an output device, such as a display or a speaker,
to display the histogram itself and/or the state of the animal
as the determination result, or output an audio message (step
S714).

[0144] Note that the result output unit 313 stores the
calculation result, the determination result, or the like in the
data storage memory 322, and uses the transmission unit 362
to transmit the calculation result, the determination result, or
the like to the server 100 via the Internet. With this, the
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output result this time can be utilized to recognize a short-
term or long-term stress state of an observation target.
[0145] Forexample, in a case of a dog, in the excited state,
as shown in FIG. 22, one peak with a narrow half value
width appears. Further, in the first normal state, as shown in
FIG. 23, two peaks with relatively narrow half value widths
appear, reflecting the fact that the blank is in the center
portion in the Poincare plot. Additionally, as shown in FIG.
24, in the second normal state, although the number of peaks
is one, a peak with a wide half value width appears. As
shown in FIG. 25, in the rest state, two peaks appear
reflecting the fact that the blank is in the center portion in the
Poincare plot.

[0146] The state determination unit 314 distinguishes a
model to which the shape of this histogram is similar,
specifies the corresponding state, and thus determines the
excited state, the first normal state, the second normal state,
the rest state, or the like. For example, the state determina-
tion unit 314 detects the number of peaks by peak detection,
and, by obtaining the half value width (spread of a skirt of
the peak), determines spread degree of the distribution by
using the threshold value. In this case, the memory 320
stores the numerical value range indicating the distribution
spread of the histogram for each state.

[0147] Specifically, the state determination unit 314 deter-
mines the excited state in a case of one peak with the narrow
half value width. The state determination unit 314 deter-
mines the second normal state in a case of one peak with the
wide half value width. The state determination unit 314
determines the first normal state in a case of two peaks with
the narrow half value widths. The state determination unit
314 determines the rest state in a case of two peaks with the
wide half value widths.

[0148] Note that since these threshold values and numeri-
cal value ranges are possibly different depending on a type
or an age of a dog, the settings are preferably changed in
accordance with these conditions. For example, a configu-
ration may be provided in which a user inputs a type, a
gender, and an age of a dog, and then threshold values are
set in accordance with the type, the gender and the age of the
dog.

[0149] With this, the histogram is generated by counting
the number of pulsations for each of lengths of the inter-beat
intervals, and the state can be distinguished by using the
distribution of the histogram. The calculation amount can be
reduced before the state is distinguished. Additionally, in the
present embodiment, the degree of the distribution spread of
the Poincare plot, the size, the shape, and whether the
number of the plot points in the center portion is large or
small, can be estimated based on the calculation result, and
as a result, a psychological state or a physical state of an
animal can be estimated.

Eighth Embodiment

[0150] Alternatively, by using the trajectory of the Poin-
care plot, the state of the animal may be determined. In the
present embodiment, the CPU 310 as the Poincare plot
generation unit 312 in FIG. 18 acquires data of the inter-beat
intervals R-R (n) and the following inter-beat intervals R-R
(n+1) in a range that has been used in the standard deviation
calculation from the correspondence relation table to gen-
erate the Poincare plot diagrams shown in FI1G. 8 to FIG. 11.
More particularly, in the present embodiment, the Poincare
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plot generation unit 312 not only performs plotting but also
acquires, recognizes and draws the trajectory from a plot to
the following plot.

[0151] Additionally, the memory 320 in the communica-
tion terminal 300 stores trajectory model data of the Poin-
care plot or the like for each state of the animal.

[0152] With reference to FIG. 26, a processing procedure
of the state acquisition system 1 according to the present
embodiment will be described below. FIG. 26 is a flowchart
showing the processing procedure of the state acquisition
system 1 according to the present embodiment. Note that
since a step S802 to a step S806 are identical to the step S102
to the step 106 in the first embodiment, the description will
not be repeated hereinafter.

[0153] As shown in FIG. 5, the CPU 310 as the statistical
processing unit 311 draws the Poincare plot graph including
the trajectory between the plots from the table 321A indi-
cating correspondence relation between the inter-beat inter-
val R-R (n) and the following inter-beat interval R-R (n+1)
(step S810).

[0154] Next, the state determination unit 314 refers to the
memory 320, and determines whether there is a trajectory
model similar to the drawn trajectory of the Poincare plot or
not by technology such as pattern recognition (step S812). In
a case where the drawn trajectory of the Poincare plot is not
similar to any trajectory model (in a case of NO in the step
S812), the CPU 310 reads correspondence relation of the
inter-beat intervals in another timing, and repeats the pro-
cessing from the step S810 again.

[0155] In a case where there is a trajectory model similar
to the drawn trajectory of the Poincare plot (in a case of YES
in the step S812), the CPU 310 as the result output unit 313
allows, for example, an output device, such as a display or
a speaker, to display the trajectory graph of the Poincare plot
itself and/or the state of the animal as the determination
result, or output an audio message (step S814).

[0156] Note that the CPU 310 as the result output unit 313
stores the calculation result, the determination result, or the
like in the data storage memory 322, and uses the transmis-
sion unit 362 to transmit the calculation result, the determi-
nation result, or the like to the server 100 via the Internet.
With this, the output result this time can be utilized to
recognize a short-term or long-term stress state of an obser-
vation target.

[0157] For example, in a case of a dog, the trajectory
shown in FIG. 27 is drawn in the excited state, the trajectory
shown in FIG. 28 is drawn in the first normal state, the
trajectory shown in FIG. 29 is drawn in the second normal
state, and the trajectory shown in FIG. 30 is drawn in the rest
state.

[0158] Therefore, in the present embodiment, the degree
of the distribution spread of the Poincare plot, the size, the
shape, and whether the number of the plot points in the
center portion is large or small, can be estimated based on
the calculation result, and as a result, a psychological state
or a physical state of an animal can be estimated.

Ninth Embodiment

[0159] In order to determine the rest state, it is sufficient
that the state acquisition system 1 can determine whether
there is an area where the number of the plots are small in
the center portion of the plots in the graph of the Poincare
plot or not, and as the determination method, a plurality of
methods among the first embodiment to the eighth embodi-
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ment may be used, or a method different from the methods
among the first embodiment to the eighth embodiment may
be used. In other words, the state acquisition system 1 may
determine the state of the animal in accordance with an
amount or a percentage of the plots in the center portion
among the entire plots in the graph of the Poincare plot.
[0160] For example, the state determination unit 314 may
determine the rest state, in a case where the number of plots
is only smaller than a first prescribed percentage to the total
number of plots, within a distance from an average of all
plots to the standard deviation multiplied by prescribed
times with relation to each of two axes in the graph of the
Poincare plot. Additionally, the state determination unit 314
may determine the normal state, in a case where the number
of plots is only equal to or larger than the first prescribed
percentage and smaller than a second prescribed percentage
to the total number of plots, within the distance from the
average of all plots to the standard deviation multiplied by
prescribed times with relation to each of two axes in the
graph of the Poincare plot. Additionally, the state determi-
nation unit 314 may determine the excited state, in a case
where the number of plots is equal to or larger than the
second prescribed percentage to the total number of plots,
within the distance from the average of all plots to the
standard deviation multiplied by prescribed times with rela-
tion to each of two axes in the graph of the Poincare plot.
[0161] Specifically, the state determination unit 314 may
determine the rest state, in a case where the number of plots
is only smaller than 10 percent to the total number of plots,
within the distance from the average of all plots to the
standard deviation multiplied by 0.5 with relation to each of
two axes in the graph of the Poincare plot. In addition, the
state determination unit 314 may determine the normal state,
in a case where the number of plots is only equal to or larger
than 10 percent and smaller than 30 percent to the total
number of plots, within the distance from the average of all
plots to the standard deviation multiplied by 0.5 with rela-
tion to each of two axes in the graph of the Poincare plot. In
addition, the state determination unit 314 may determine the
excited state, in a case where the number of plots is equal to
or larger than 30 percent to the total number of plots, within
the distance from the average of all plots to the standard
deviation multiplied by 0.5 with relation to each of two axes
in the graph of the Poincare plot.

[0162] Therefore, in the present embodiment, the degree
of the distribution spread of the Poincare plot, the size, the
shape, and whether the number of the plot points in the
center portion is large or small, can be estimated based on
the calculation result, and as a result, a psychological state
or a physical state of an animal can be estimated.

Tenth Embodiment

[0163] Alternatively, by using a plurality of methods
among the first embodiment to the ninth embodiment, or a
method different from the methods among the first embodi-
ment to the ninth embodiment, the state of the animal may
be determined. For example, as shown in FIG. 31, the state
determination unit 314 may calculate the matching degree
between the acquired histogram and the histogram model for
each state, and determine the state based on the sum of the
matching degree weighted for the respective states.

[0164] Alternatively, as shown in FIG. 31, the state deter-
mination unit 314 may calculate the matching degree
between the acquired trajectory of the Poincare plot and the
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trajectory model of the Poincare plot for each state, and
determine the state based on the sum of the matching degree
weighted for the respective states.

[0165] Alternatively, as shown in FIG. 31, the state deter-
mination unit 314 may calculate the matching degree
between the acquired histogram and the trajectory of the
Poincare plot and the histogram model and the trajectory of
the Poincare plot model for each state, and determine the
state based on the sum of the matching degree weighted for
the respective states.

[0166] Therefore, in the present embodiment, the degree
of the distribution spread of the Poincare plot, the size, the
shape, and whether the number of the plot points in the
center portion is large or small, can be estimated based on
the calculation result, and as a result, a psychological state
or a physical state of an animal can be estimated.

Eleventh Embodiment

[0167] Moreover, it is preferable that a user input an actual
current state of the animal, and then numerical value ranges
and threshold values for determining the state be revised by
new data. In other words, since the user inputs a correct
answer about the state due to individual difference of a dog,
the CPU 310 can adjust the threshold values for the deter-
mination, and this can enhance accuracy so that the output
in which the user does not recognize incongruity can be
performed.

[0168] With reference to FIG. 32, a functional configura-
tion of the state acquisition system 1 according to the present
embodiment will be described below. FIG. 32 is a diagram
showing the functional configuration of the state acquisition
system 1 according to the present embodiment.

[0169] The communication terminal 300 according to the
present embodiment includes a state determination reference
generation unit 316, and a state input unit 340, compared
with the communication terminal 300 according to the fifth
embodiment. For example, the CPU 310 executes a program
in the memory 320, so that the state determination reference
generation unit 316 is realized. The state input unit 340 is
realized by a switch, a keyboard, a touch panel, or the like,
and delivers an operation instruction from the user to the
state determination reference generation unit 316 or the like
in the CPU 310.

[0170] When the user inputs a current state of the target
animal to the state input unit 340, the state determination
reference generation unit 316 determines whether the cur-
rent state of the animal input by the user matches the
determination result by the state determination unit 314 or
not. In a case where the current state of the animal input by
the user does not match the determination result by the state
determination unit 314, the state determination reference
generation unit 316 revises the numerical value ranges or the
threshold values for determining the state so that the deter-
mination result by the state determination unit 314 comes
close to the inputted state.

[0171] Thus, the state acquisition system 1 according to
the present embodiment can enhance accuracy of the state
determination.

Twelfth Embodiment

[0172] In the first embodiment to the eleventh embodi-
ment, although the inter-beat intervals are calculated by
using the electrodes 401, 402, 403 for acquiring the elec-
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trocardilgram, a configuration is not limited thereto. For
example, a pulse wave signal may be acquired by a photo-
electric pulse wave type sphygmograph or pulse oxymeter,
and the inter-beat interval may be calculated from the pulse
wave signal. In this case, it is preferable that a measurement
part of the pulse wave be a part on which the skin is exposed,
such as the tongue and the ear. Additionally, a heart sound
signal may be acquired by an electronic stethoscope or the
like, and the inter-beat interval may be calculated from the
heart wave signal. In these cases, the measurement by a
method that does not use an electrode can be performed. By
using a pulse wave acquisition sensor such as a microwave
Doppler sensor, a pulse wave signal may be acquired and the
inter-beat interval may be calculated by the pulse wave
signal. For example, a configuration can be conceived in
which a microwave transmission apparatus is installed on a
ceiling or the like, and a pulse wave of an animal such as a
dog is acquired in a non-contact manner. In this case,
measurement in the non-contact manner can be performed,
and has an effect in which loads on a subject are further
reduced.

Thirteenth Embodiment

[0173] In the state acquisition system 1 according to the
first embodiment to the twelfth embodiment, the signal
processing apparatus 500 acquires the inter-beat interval
based on the electrocardiographic signal from the electrodes
401, 402, 403, and the communication terminal 300 calcu-
lates and outputs information for determining the state of the
animal from the inter-beat interval or information related to
the determination result about the state of the animal.
However, all or part of the roles of one of these apparatuses
may be played by another apparatus, or may be shared by a
plurality of apparatuses. Conversely, all or part of the roles
of the plurality of apparatuses may be played by an appa-
ratus, and may be played by another apparatus.

[0174] For example, as shown in FIG. 33, the server 100
may play a role of the communication terminal 300. In this
case, the functions of the communication terminal 300
according to the first embodiment to the twelfth embodiment
are installed in the server 100. For example, the communi-
cation terminal 300 transmits necessary information such as
the inter-beat interval from the signal processing apparatus
500 to the server 100 via a router, a carrier network, the
Internet or the like. The server 100 calculates information
for determining the state of the animal or information
indicating the determination result about the state of the
animal, and transmits the information to the communication
terminal 300. It is conceivable that the communication
terminal 300 outputs information about a final result to a
display or a speaker.

[0175] Note that, in this case, naturally, the reception unit
161 and the transmission unit 162 in the server 100 are
realized by the communication interface 160 in the server
100. Additionally, the inter-beat interval storage memory
121 and the data storage memory 122 are realized by the
memory 120 in the server 100 or another apparatus that can
be accessed by the server 100. The CPU 110 executes a
program in the memory 120, so that the statistical processing
unit 111, the Poincare plot generation unit 112, and the result
output unit 113 are realized.

[0176] Alternatively, as shown in FIG. 34, the signal
processing apparatus 500 transmits necessary information
such as the inter-beat interval to the server 100 via a router,
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a carrier network, the Internet or the like. The server 100
calculates information for determining the state of the ani-
mal or information related to the determination result about
the state of the animal, and transmits the information to the
communication terminal 300 via the Internet, a router, a
carrier network, or the like. The communication terminal
300 outputs information about a final result to a display or
a speaker. In this case, the signal processing apparatus 500
and the communication terminal 300 do not need to be
connected through a wireless LAN or a wired LAN.
[0177] Note that, in this case, naturally, the reception unit
161 and the transmission unit 162 in the server 100 are
realized by the communication interface 160 in the server
100. Additionally, the inter-beat interval storage memory
121 and the data storage memory 122 are realized by the
memory 120 in the server 100 or another apparatus that can
be accessed by the server 100. The CPU 110 executes a
program in the memory 120, so that the statistical processing
unit 111, the Poincare plot generation unit 112, and the result
output unit 113 are realized.

[0178] Alternatively, as shown in FIG. 35, the signal
processing apparatus 500 may install all or part of the
functions of the communication terminal 300. In this case,
the signal processing apparatus 500, based on the electro-
cardiographic signal from the electrodes 401, 402, 403,
calculates the information for determining the state of the
animal and the inter-beat interval or the information related
to the determination result about the state of the animal.
Additionally, the signal processing apparatus 500 outputs
the information about the final result to a display or a
speaker.

[0179] Alternatively, as shown in FIG. 36, the communi-
cation terminal 300 may install all or part of the functions of
the signal processing apparatus 500. In this case, the com-
munication terminal 300 acquires the electrocardiographic
signal from the electrodes 401, 402, 403 from a simple
signal processing apparatus 501 by wireless communication.
The electrocardiographic signal from the electrodes is con-
verted to a digital signal by a simple electrocardilgram
preprocessing unit 570 including at minimum a filter appa-
ratus, amplification apparatus, and A/D conversion appara-
tus, and is transmitted from the transmission unit 560. The
communication terminal 300, from the electrocardiographic
signal, calculates the information for determining the state
of the animal and the inter-beat interval or the information
related to the determination result about the state of the
animal. Additionally, the communication terminal 300 out-
puts the information about the final result to a display or a
speaker.

Fourteenth Embodiment

[0180] In addition to the functions of the state acquisition
system 1 according to the first embodiment to the thirteenth
embodiment, the state acquisition system 1 may further
include the following functions. For example, as shown in
FIG. 37, it is also effective to output a time series graph of
the products of the standard deviations of the Poincare plot
after the axis conversion. Note that FIG. 37 shows change in
the product value of the standard deviations each one minute
in administrating a medicine to a dog. Here, by adminis-
trating a propranolol (sympatholytic: 0.05 mg/kg BW) and
an atropine (parasympatholytic: 0.1 mg/kg BW), neural
activity in heat pulsations is blocked, and then the change in
the product of the standard deviations is observed.
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[0181] Additionally, as shown in FIG. 38, it is also effec-
tive to output a graph showing a mean value and variation
(a standard deviation) of the products of the standard devia-
tions of the Poincare plot after the axis conversion. Note that
FIG. 38 is a graph showing a mean value and variation of the
products of the standard deviations for 20 minutes before the
above-mentioned medicine is administrated.

[0182] More particularly, in the present embodiment, the
CPU 310 that realizes the statistical processing unit 311, the
result output unit 313, and the like according to the first
embodiment to the thirteenth embodiment, executes pro-
cessing shown in FIG. 39. Note that, as described in the
thirteenth embodiment, all or part of the processing in FIG.
39 may be executed by the communication terminal 300, the
server 100, the signal processing apparatus 500, or another
apparatus. Moreover, a terminal is also not limited in which
information indicating a graph, a numerical value, and the
like is output as in FIG. 38, FIG. 39, or the like.

[0183] Additionally, the state acquisition system 1 accord-
ing to the present embodiment may or may not include the
Poincare plot generation unit 312 shown in FIG. 2.

[0184] With reference to FIG. 39, the reception unit 361
receives data indicating the inter-beat interval from the
signal processing apparatus 500 (step S1102).

[0185] The inter-beat interval storage memory 321 is
formed of various types of memories 320 and stores the data
received from the signal processing apparatus 500. In the
present embodiment, the CPU 310 sequentially stores the
inter-beat intervals received via the communication interface
360 as an inter-beat interval table in the memory 320 (step
S1104). However, these data may be stored in the memory
320 of the communication terminal 300, or in other appa-
ratuses that can be accessed from the communication ter-
minal 300.

[0186] For example, the CPU 310 executes a program in
the memory 320, so that the statistical processing unit 311,
and the result output unit 313 are realized. The statistical
processing unit 311 reads the inter-beat interval data from
the inter-beat interval storage memory 321 at a fixed time
unit, and generates the table 321A indicating correspon-
dence relation between an inter-beat interval R-R (n) and the
following inter-beat interval R-R (n+1), as shown in FIG. 4
(step S1106).

[0187] Asshown in FIG. 5, after a first prescribed time, for
example one minute, or 10 minutes, passes (in a case of YES
in a step S1107), the statistical processing unit 311 converts
the table indicating correspondence relation between the
inter-beat interval R-R (n) and the following inter-beat
interval R-R (n+1) into axes in a Y=X direction and a
direction perpendicular to the Y=X direction (step S1108).

[0188] The statistical processing unit 311 calculates a
standard deviation and a product of the standard deviations
related to numerical series forming each axis after the axis
conversion (step S1110). Note that the statistical processing
unit 311 may calculate only a standard deviation related to
a Y=X axis, only a standard deviation related to an axis
perpendicular to the Y=X axis, or both the standard devia-
tions.

[0189] The statistical processing unit 311 stores the prod-
uct of the standard deviations this time after the axis
conversion in the storage memory 322 (step S1112). The
statistical processing unit 311, in a case where a second
prescribed time, for example, 20 minutes, or 24 hours, has
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not passed (in a case of NO in a step S1118), repeats the
processing from the step S1102.

[0190] The statistical processing unit 311, in a case where
the second prescribed time has passed (in a case of YES in
the step S1118), calculates a mean value and variation
(standard deviation) of the products of the standard devia-
tions for the second prescribed time (step S1120).

[0191] The result output unit 313 allows an output device
of itself or an external output device, such as the display 330
or a speaker, to display a result image, text, or output an
audio message (step S1122). More particularly, the result
output unit 313, based on the stored data in the step 1112,
outputs and renews a time series graph of the products of the
standard deviations of the Poincare plot after the axis
conversion, as shown in FIG. 37. In addition, the result
output unit 313, based on the calculation result in the step
S1120, outputs and renews a graph showing the mean value
and variation of the products of the standard deviations, as
shown in FIG. 38.

[0192] More particularly, as shown in FIG. 40, after the
step 1112, that is, for each first prescribed time, the result
output unit 313 may output and renew the time series graph
of the products of the standard deviations of the Poincare
plot after the axis conversion as shown in FIG. 37 (step
S1114).

Fifteenth Embodiment

[0193] Alternatively, the CPU 310 may execute the pro-
cessing shown in FIG. 41. In other words, the reception umt
361 receives data indicating the inter-beat interval from the
signal processing apparatus 500 (step S1202).

[0194] The inter-beat interval storage memory 321 is
formed of various types of memories 320 and stores the data
received from the signal processing apparatus 500. In the
present embodiment, in a case where the first prescribed
time, for example, 20 minutes, an hour, or 24 hours, has
passed (in a case of YES in a step S1204) the CPU 310
sequentially stores the inter-beat intervals received via the
communication interface 360 as an inter-beat interval table
in the memory 320 (step S1206). However, these data may
be stored in the memory 320 of the communication terminal
300, or in other apparatuses that can be accessed from the
communication terminal 300.

[0195] The statistical processing unit 311 reads the inter-
beat interval data from the inter-beat interval storage
memory 321 at a fixed time unit, and generates the table
321A indicating correspondence relation between an inter-
beat interval R-R (n) and the following inter-beat interval
R-R (n+1), as shown in FIG. 4 (step S1208).

[0196] As shown in FIG. 5, every second prescribed time,
for example, every one minute, or 10 minutes, the statistical
processing unit 311 converts the table indicating correspon-
dence relation between the inter-beat interval R-R (n) and
the following inter-beat interval R-R (n+1) into axes in a
Y=X direction and a direction perpendicular to the Y=X
direction (step S1210).

[0197] The statistical processing unit 311 calculates a
standard deviation and a product of the standard deviations
related to numerical series forming each axis after the axis
conversion (step S1212). The statistical processing unit 311
stores the product of the standard deviations this time after
the axis conversion in the storage memory 322 (step S1214).
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[0198] The statistical processing unit 311, calculates a
mean value and variation (standard deviation) of the prod-
ucts of the standard deviations for the first prescribed time
(step S1220).

[0199] The result output unit 313 allows, for example, an
output device of itself or an external output device, such as
the display 330 or a speaker, to output an image, text or an
audio message related to a result (step S1222). More par-
ticularly, the result output unit 313, based on the stored data
in the step 1112, outputs and renews a time series graph of
the products of the standard deviations of the Poincare plot
after the axis conversion as shown in FIG. 37. In addition,
the result output unit 313, based on the calculation result in
the step S1120, outputs and renews a graph showing the
mean value and variation of the products of the standard
deviations, as shown in FIG. 38.

Sixteenth Embodiment

[0200] Further, the statistical processing unit 311 may
execute processing shown in FIG. 42 after the step S1120
and the step S1220. With reference to FIG. 42, the statistical
processing unit 311 accepts settings at time A and time B that
are compared with each other, for example, from the server
100, a smartphone, or the like (step S1302). The statistical
processing unit 311 reads the mean values of the products of
the standard deviations for the prescribed time at the time A
and the time B calculated in the step S1120 and the step
S1220 (step S1304).

[0201] The result output unit 313 allows, for example, an
output device of itself or an external output device, such as
the display 330 or a speaker, to output an image, text or an
audio message related to a result (step S1308). For example,
the result output unit 313, as shown in FIG. 43, outputs a
graph showing a mean value of the stored data of products
of standard deviations every one minute for 20 minutes and
variation of products of standard deviations, before and after
administration of medicine.

[0202] FIG. 43 is a diagram showing a result of the mean
values calculated for every 20 minutes, except for five
minutes before and after the administration of the medicine
(because fluctuation occurs due to the administration for five
minutes before and after the administration of the medicine),
as shown in FIG. 37. Compared with before the adminis-
tration, the variation of the inter-beat intervals is reduced,
and the product of the standard deviations becomes smaller
because of the medicine after the administration. Averaging
the variation of the standard deviations makes it possible to
easily compare magnitude of time series change in variation
of the inter-beat intervals.

[0203] Here, although the example is described in which
specific time is designated as comparison targets, the com-
parison target is not limited thereto. For example, data
acquired in any term and any time period may be averaged
and compared, such as comparison of a mean value of data
every eight o’clock in the morning and a mean value of data
every eight o’clock at night for a week, and comparison of
a mean value of data for a month and a mean value of data
for another month. Additionally, the comparison targets are
not limited to two terms, and every prescribed time, for
example, every two hours, a mean value for the prescribed
time may be calculated, and the transition may be output as
a graph.
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Seventeenth Embodiment

[0204] Further, the statistical processing unit 311 may
execute processing shown in FIG. 44 after the step S1120
and the step S1220. With reference to FIG. 44, the statistical
processing unit 311, after the step S1304, may normalize the
mean values of the products of the standard deviations for
the prescribed time at the time A and the time B by the mean
value of the products of the standard deviations for the
prescribed time at the time A (step S1306). Moreover, the
result output unit 313, as shown in FIG. 45, preferably
outputs the normalized graphs of the products of the stan-
dard deviations of the inter-beat intervals before and after
the administration of the medicine (step S1308).

[0205] This can reduce variation due to an individual
difference or time, and compare a change rate of numerical
values before and after the prescribed time.

Supplementary Description of Fourteenth
Embodiment to Seventeenth Embodiment

[0206] As shown in FIG. 37, the products of the standard
deviations of the Poincare plot after the axis conversion are
targeted in the fourteenth embodiment to the seventeenth
embodiment. However, numerical values to be targeted are
not limited thereto, the products of the standard deviations
of the Poincare plot without the axis conversion may be
used, any standard deviation may be simply used, or a
distance between two Poincare plots may be used.

About Terms

[0207] In the above descriptions, although the processing
for performing the “Poincare plot” and the processing for
performing the “axis conversion after the Poincare plot
processing” are described, these processes should not be
limited to cases where the CPU in each of the communica-
tion terminal 300, the server 100, and the signal processing
apparatus 500 actually prints or displays a Poincare plot
image in a paper medium or a display. These processes have
a concept including processing in which a CPU stores and
expands data substantially indicating the Poincare plot in a
memory. Additionally, although the “Poincare plot” is also
referred to as a “Lorenz plot”, the Poincare plot means
plotting on two orthogonal axes with a point at a time n and
a point at the following time n+1 made as the respective
axes, and is not restricted by the term “Poincare plot.”

Other Applications

[0208] Needless to say, this disclosure can be adapted in a
case where this disclosure is achieved by supplying a
program to a system or an apparatus. Moreover, the effect of
this disclosure can be achieved by supplying a storage
medium (or memory) that stores a program expressed by a
software for achieving this disclosure to a system or an
apparatus so that a computer (or a CPU or MPU) in the
system or the apparatus reads and executes program codes
stored in the storage medium.

[0209] In this case, the program codes themselves read
from the storage medium enable the functions of the
embodiments, and the storage medium that stores the pro-
gram codes configures this disclosure.

[0210] Moreover, needless to say, cases are included in
which not only the functions of the above-described embodi-
ments are enabled by executing the program codes read by
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the computer, but also, based on instructions of the program
codes, an Operating System (OS) or the like operating on the
computer performs all or part of actual processing, and by
the processing, the above-described embodiments are
enabled.

[0211] Furthermore, needless to say, cases are included in
which after the program codes read from the storage
medium are written in a feature expansion board inserted in
a computer or another storage medium included in a feature
expansion unit connected to a computer, based on instruc-
tions of the program codes, a CPU or the like included in the
feature expansion board or the feature expansion unit pet-
forms all or part of actual processing, and by the processing,
the above-described embodiments are enabled.

[0212] The embodiments disclosed here are to be under-
stood as being in all ways exemplary and in no ways
limiting. The scope of the disclosure is defined not by the
foregoing descriptions but by the appended claims, and is
intended to include all changes equivalent in meaning and
scope to the claims.

REFERENCE SIGNS LIST

[0213] 1: State acquisition system

[0214] 100: State acquisition computer (server)

[0215] 110: Processor (CPU)

[0216] 111: Statistical processing unit

[0217] 112: Poincare plot generation unit

[0218] 113: Result output unit

[0219] 120: Memory

[0220] 121: Inter-beat interval storage memory

[0221] 122: Data storage memory

[0222] 160: Communication interface

[0223] 161: Reception unit

[0224] 162: Transmission unit

[0225] 300: State acquisition computer (communication
terminal)

[0226] 310: Processor (CPU)

[0227] 311: Statistical processing unit

[0228] 312: Poincare plot generation unit

[0229] 313: Result output unit

[0230] 314: State determination unit

[0231] 315: Histogram generation unit

[0232] 316: State determination reference generation
unit

[0233] 320: Memory

[0234] 321: Inter-beat interval storage memory

[0235] 321A: Correspondence relation table

[0236] 321B: Distance table

[0237] 322: Data storage memory

[0238] 330: Display (output device)

[0239] 340: State input unit

[0240] 360: Communication interface

[0241] 361: Reception unit

[0242] 362: Transmission unit

[0243] 401: Sensor (electrode)

[0244] 402: Sensor (electrode)

[0245] 403: Sensor (electrode)

[0246] 500: Signal processing apparatus

[0247] 501: Simple signal processing apparatus

[0248] 510: Processor (CPU)

[0249] 511: Electrocardilgram preprocessing unit

[0250] 512: Inter-beat interval calculation unit

[0251] 560: Transmission unit



US 2019/0239793 Al

[0252]
unit

1-15. (canceled)

16. A state acquisition computer comprising:

an interface configured to acquire data for indicating an
inter-beat interval of an animal; and

a processor configured to acquire information indicating a
psychological state or a physical state of the animal,
based on a degree of proximity between plots in a
Poincare plot of inter-beat intervals.

17. The state acquisition computer according to claim 16,

wherein the processor is configured to acquire the infor-
mation indicating the psychological state or the physi-
cal state of the animal, based on a product of standard
deviations of at least two axes of the Poincare plot.

18. The state acquisition computer according to claim 16,

wherein the processor is configured to acquire the infor-
mation indicating the psychological state or the physi-
cal state of the animal, based on an average of distances
from one plot to another plot that are two successive
plots in the Poincare plot of inter-beat intervals.

19. The state acquisition computer according to claim 17,

further comprising:

a memory configured to store a numerical value range
corresponding to each of a plurality of types of psy-
chological states or physical states,

wherein the processor is configured to identify a psycho-
logical state or a physical state of the animal by
referring to the numerical value range, based on the
standard deviation.

20. The state acquisition computer according to claim 16,

wherein an animal being a target has a respiratory sinus
arrhythmia.

21. A state acquisition method of a psychological state or
a physical state of an animal, the method being performed on
a computer including a processor, comprising:

acquiring data for indicating an inter-beat interval of the
animal;

calculating a degree of proximity between plots in a
Poincare plot of inter-beat intervals; and

acquiring information indicating the psychological state
or the physical state of the animal, based on the degree
of proximity.

22. The state acquisition method according to claim 21,

wherein the degree of proximity is calculated based on an
average of distances from one plot to another plot that
are two successive plots in the Poincare plot of inter-
beat intervals.

23. An information processing system comprising:

an output device;

a sensor configured to detect a beat of an animal; and

a computer configured to acquire data for indicating an
inter-beat interval of the animal from the sensor, to

570: Simple electrocardilgram preprocessing
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acquire information indicating a psychological state or
a physical state of the animal based on a degree of
proximity between plots in a Poincare plot of inter-beat
intervals, and to cause the output device to output the
information.

24. The state acquisition computer according to claim 18,

farther comprising:

a memory configured to store a numerical value range
corresponding to each of a plurality of types of psy-
chological states or physical states,

wherein the processor is configured to identify a psycho-
logical state or a physical state of the animal by
referring to the numerical value range, based on the
average.

25. The state acquisition method according to claim 21,

wherein the degree of proximity is calculated based on a
product of standard deviations of at least two axes of
the Poincare plot.

26. The information processing system according to claim

23,

wherein the computer is configured to acquire the infor-
mation indicating the psychological state or the physi-
cal state of the animal, based on a product of standard
deviations of at least two axes of the Poincare plot.

27. The information processing system according to claim

23,

wherein the computer is configured to acquire the infor-
mation indicating the psychological state or the physi-
cal state of the animal, based on an average of distances
from one plot to another plot that are two successive
plots in the Poincare plot of inter-beat intervals.

28. The state acquisition computer according to claim 16,

wherein the processor is configured to acquire the infor-
mation indicating the psychological state or the physi-
cal state of the animal, based on a product of standard
deviations along a Y=X axis or a product of standard
deviations along an axis perpendicular to the Y=X axis
of the Poincare plot of inter-beat intervals.

29. The state acquisition computer according to claim 16,

wherein the processor is configured to specify an axis
along which a variance of the Poincare plot of inter-
beat intervals is maximized and to calculate standard
deviations with respect to the axis and an axis perpen-
dicular to the axis.

30. The information processing system according to claim

23, further comprising;

a control program configured to cause the computer to
function; and

a non-transitory computer readable medium in which the
control program is stored.
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