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In an apparatus for assisting respirations of a subject in accor-
dance with a predetermined reference respiration pattern
defined as a sequence of reference respirations each having a
reference respiratory volume for the subject, a respiration
obtaining unit obtains, at a sampling time, an actual respira-
tory volume of the subject based on an actual respiration of
the subject in accordance with the predetermined reference
respiration pattern. A storing unit stores variation of the ref-
erence respiratory volumes for the subject. An assisting unit
generates, based on the actual respiratory volume and the
reference respiratory volumes, visual assist information
indicative of a respiratory state of the subject relative to the
predetermined reference respiration pattern, and provides the
visual assist information to the subject.
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RESPIRATION ASSIST APPARATUS AND
RESPIRATORY FUNCTION TEST SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims the benefit
of priority from Japanese Patent Application 2013-233950
filedon Nov. 12, 2013, the disclosure of which is incorporated
in its entirety herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to apparatuses for
assisting respirations of subjects, and systems for testing the
respiratory functions of subjects.

BACKGROUND

[0003] There are known respiratory function test appara-
tuses for testing the respiratory functions of subjects. For
example, one of the known respiratory function test appara-
tuses is disclosed in Japanese Patent Application Publication
No. 2007-229101, referred to as “patent publication”.
[0004] The respiratory function test apparatus disclosed in
the patent publication is designed to guide a subject to
breathe, i.e. take air into and expel air from the subject, at
several test times using sounds, and measure the volume of air
breathed into and out of the subject for each test time. Based
on the measured volumes of air at the respective test times, the
respiratory function test apparatus is designed to test the
respiratory function of the subject.

SUMMARY

[0005] High-accuracy test of respiratory functions necessi-
tate that actual respiratory patterns, i.e. breathing patterns, of
subjects should be close to at least one predetermined ideal
respiratory pattern, in other words, at least one predetermined
reference respiratory pattern. A respiratory pattern is for
example defined based on a sequence of respirations, i.e.
breaths, more specifically, defined based on respiration times,
respiration lengths, respiration intervals, and/or respiratory
volumes, of the subjects.

[0006] However, the sound guiding method disclosed in the
patent publication may make it difficult for a subject to
breathe accurately in agreement with the at least one prede-
termined ideal respiratory pattern. This may result in diffi-
culty

[0007] (1) efficiently guiding respirations of subjects; and
[0008] (2) improving the accuracy of the respiratory func-
tion tests for subjects.

[0009] In view of the circumstances set forth above, one
aspect of the present disclosure seeks to provide apparatuses
for assisting respirations of a subject and systems for testing
a respiratory function of a subject, each of which is designed
to address the problem set forth above.

[0010] Specifically, an alternative aspect of the present dis-
closure aims to provide

[0011] 1. such apparatuses, each of which is capable of
efficiently assisting respiration of subjects; and

[0012] 2.suchsystems, each of which is capable of improv-
ing the accuracy of respiratory function tests for subjects.
[0013] According to a first exemplary aspect of the present
disclosure, there is provided an apparatus for assisting respi-
rations of a subject in accordance with a predetermined ref-
erence respiration pattern defined as a sequence of reference
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respirations each having a reference respiratory volume for
the subject. The apparatus includes a respiration obtaining
unit that obtains, at a sampling time, an actual respiratory
volume of the subject based on an actual respiration of the
subject in accordance with the predetermined reference res-
piration pattern. The apparatus includes a storing unit that
stores variation of the reference respiratory volumes for the
subject over time. The apparatus includes an assisting unit
that generates, based on the actual respiratory volume and the
variation of the reference respiratory volumes, visual assist
information indicative of a respiratory state of the subject
relative to the predetermined reference respiration pattern,
and provides the visual assist information to the subject.

[0014] According to a second exemplary aspect of the
present disclosure, there is provided a respiratory function
test system for testing a respiratory function of a subject. The
respiratory function test system includes a respiration obtain-
ing unit that successively obtains actual respiratory volumes
of the subject based on actual respirations of the subject in
accordance with a predetermined reference respiration pat-
tern. The predetermined reference respiration pattern is
defined as a sequence of reference respirations each having a
reference respiratory volume for the subject. The respiratory
function test system includes a storing unit that stores varia-
tion of the reference respiratory volumes for the subject. The
respiratory function test system includes an assisting unit that
generates, based on the actual respiratory volumes succes-
sively obtained by the respiration obtaining unit and the varia-
tion of the reference respiratory volumes, visual assist infor-
mation indicative of a respiratory state of the subject relative
to the predetermined reference respiration pattern, and pro-
vides the visual assist information to the subject. The respi-
ratory function test system includes a respiratory function
testing unit that measures, based on the actual respiratory
volumes successively obtained by the respiration obtaining
unit, at least one measurement item indicative of the respira-
tory function of the subject.

[0015] According to a third exemplary aspect of the present
disclosure, there is provided a computer program product for
an apparatus that assists respirations of a subject in accor-
dance with a predetermined reference respiration pattern
defined as a sequence of reference respirations each having a
reference respiratory volume for the subject. The computer
program product includes a non-transitory computer-read-
able storage medium, and a set of computer program instruc-
tions embedded in the computer-readable storage medium.
The instructions cause a computer to obtain an actual respi-
ratory volume of the subject based on an actual respiration of
the subject in accordance with the predetermined reference
respiration pattern, and store variation of the reference respi-
ratory volumes for the subject. The instructions cause a com-
puter to generate, based on the actual respiratory volume and
the variation of the reference respiratory volumes, visual
assist information indicative of a respiratory state of the sub-
ject relative to the predetermined reference respiration pat-
tern. The instructions cause a computer to provide the visual
assist information to the subject.

[0016] According to each of the first to third exemplary
aspects of the present disclosure, the subject easily views the
visual assist information provided by the assisting unit, thus
easily understanding the respiratory state thereof relative to
the predetermined reference respiration pattern. This permits
the subject to easily adjust a current actual respiratory volume
or a future actual respiratory volume according to the pro-
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vided visual assist information to, for example, make the
current actual respiratory volume or a future actual respira-
tory volume be close to the predetermined reference respira-
tion pattern. This results in efficient assistance of respirations
of the subject.

[0017] Various aspects of the present disclosure can include
and/or exclude different features, and/or advantages where
applicable. In addition, various aspects of the present disclo-
sure can combine one or more feature of other embodiments
where applicable. The descriptions of features, and/or advan-
tages of particular embodiments should not be construed as
limiting other embodiments or the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Other aspects of the present disclosure will become
apparent from the following description of embodiments with
reference to the accompanying drawings in which:

[0019] FIG.11is a block diagram schematically illustrating
an example of functional blocks of a respiratory function test
system according to a first embodiment of the present disclo-
sure;

[0020] FIG. 2 is a perspective view schematically illustrat-
ing an example of the outward appearance of the respiratory
function test system illustrated in FIG. 1;

[0021] FIG. 3A is a graph schematically illustrating an
example ofideal respiratory patterns suitable for a spirometry
test according to the first embodiment;

[0022] FIG. 3B is a graph schematically illustrating an
example of ideal respiratory patterns suitable for a dynamic
hyperinflation test according to the first embodiment;

[0023] FIG. 3C is a graph schematically illustrating an
example of ideal respiratory patterns suitable for a test of
FEV1/FVC according to the first embodiment;

[0024] FIG. 4A is a flowchart schematically illustrating an
example of the procedure of a respiratory-pattern determin-
ing task according to the first embodiment;

[0025] FIG. 4B is a flowchart schematically illustrating an
example of the procedure of a respiration assist task accord-
ing to the first embodiment;

[0026] FIG. 5A is a graph schematically illustrating an
ideal respiratory-pattern waveform according to the first
embodiment;

[0027] FIG. 5B is a graph schematically illustrating a tra-
jectory of connecting leading ends of already plotted pointers
and a guide pointer, which are displayed on the graph of the
ideal respiratory-pattern waveform according to the first
embodiment;

[0028] FIG. 6 is a graph schematically illustrating an
execution result of the respiration assist task when the
spirometry test illustrated in F1G. 3A is selected as a test item
according to the first embodiment;

[0029] FIG. 7 is a graph schematically illustrating an
execution result of a respiration assist task when a dynamic
hyperinflation test illustrated in FIG. 3B is selected as the test
item according to the first embodiment;

[0030] FIG. 8 is a graph schematically illustrating an
execution result of the respiration assist task when the
dynamic lung compliance test illustrated in FIG. 9A is
selected as the test item according to the first embodiment;
[0031] FIG. 9A is a graph schematically illustrating an
example of ideal respiratory patterns suitable for a dynamic
lung compliance test according to the first embodiment;
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[0032] FIG. 9B is a graph schematically illustrating an
example of the ideal respiratory patterns suitable for a
dynamic lung compliance test according to the first embodi-
ment;

[0033] FIG. 10A is a graph schematically illustrating an
example of the progression of actual respiratory volumes of a
test subject according to the first embodiment;

[0034] FIG. 10B is a graph schematically illustrating the
progression of actual respiratory values of a test subject dur-
ing the same test item of the respiratory function test accord-
ing to the first embodiment;

[0035] FIG. 11A is a flowchart schematically illustrating an
example of the procedure of a respiration assist task accord-
ing to a second embodiment of the present disclosure;
[0036] FIG. 11B is a graph schematically illustrating high-
est and lowest peaks of an ideal respiratory pattern, a trajec-
tory of connecting leading ends of already plotted pointers,
and a guide pointer, which are displayed on the graph of the
ideal respiratory-pattern waveform according to the second
embodiment;

[0037] FIG. 12 is a flowchart schematically illustrating an
example of the procedure of a respiration assist task accord-
ing to a third embodiment of the present disclosure;

[0038] FIG. 13 is a bar graph schematically illustrating a
bar having a length corresponding to an actual respiratory
volume, a bar having a length corresponding to a correspond-
ing ideal respiratory volume, and a guide pointer positioned at
a future ideal respiratory volume according to the third
embodiment;

[0039] FIG. 14 is a block diagram schematically illustrat-
ing an example of functional blocks of a respiratory function
test system according to a fourth embodiment of the present
disclosure;

[0040] FIG. 15 is a perspective view schematically illus-
trating an example of the outward appearance of the respira-
tory function test system illustrated in FIG. 14 and an
example of a pulse wave sensor communicably coupled to the
respiratory function test system; and

[0041] FIG. 16 is a view schematically illustrating a first
sector picture having a center angle and an area correspond-
ing to an actual respiratory volume, a second sector picture
having a center angle and an area corresponding to an ideal
respiratory volume, and a guide pointer positioned at a future
ideal respiratory volume according to a modification of the
third embodiment.

DETAILED DESCRIPTION OF EMBODIMENT

[0042] Exemplary embodiments of the present disclosure
will be described hereinafter with reference to the accompa-
nying drawings. In the drawings, identical reference charac-
ters are utilized to identify identical corresponding compo-
nents.

First Embodiment

[0043] FIG. 1 schematically illustrates an example of the
functional blocks of a respiratory function test system 1,
which includes a respiration assist apparatus, according to a
first embodiment of the present disclosure. FIG. 2 schemati-
cally illustrates an example of the outward appearance of the
respiratory function test system 1 according to the first
embodiment.

[0044] The respiratory function test system 1 serves to test
the respiratory functions of subjects based on actual respira-
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tory patterns, i.e. breathing patterns, of the subjects. A respi-
ratory pattern of a test subject is for example defined based on
a sequence of respirations, i.e. breaths of the test subject,
more specifically, defined based on respiration times, respi-
ration lengths, respiration intervals, and/or respiratory vol-
umes, of the test subject.

[0045] Specifically, referring to FIG. 1, the respiratory
function test system 1 is implemented in, for example, a
computer device, such as a personal computer. The respira-
tory function test system 1 includes a clock unit 3, an input
unit 5, an information output unit 7, a controller 9, and a
memory serving as a non-volatile storage medium 27.

[0046] The clock unit 3 is communicably coupled to the
controller 9, and operative to periodically or continuously
output a time signal indicative of current time to the controller
9

[0047] The input unit 5 includes one or more input devices,
such as, a keyboard, a mouse, a touch panel, and/or various
switches; the input devices are communicably coupled to the
controller 9. The input unit 5 permits a user to operate the one
or more input devices to enter prepared various items of
information based on the operation thereinto, and sends the
entered various items of information to the controller 9.

[0048] The various items of information include, for
example, test items, such as a spirometry test, a dynamic
hyperinflation test, a test of the FEV1/FVC, i.e. the ratio of
forced expiratory volume (%) in 1 second, a dynamic lung
compliance test, and the like. The various items of informa-
tion also include subject information indicative of personal
characteristics of a test subject, such as the race, sex, age,
height, weight, history of illness, past medical history, and the
like about a test subject.

[0049] The information output unit 7 includes a display 7A
for displaying images, a speaker 7B for outputting sounds,
and a vibrator 7C for producing vibratory motions. These
devices 7A, 7B, and 7C are communicably coupled to the
controller 9. Thus, the information output unit 7 is capable of
performing, based on information sent from the controller 9,
output of visible information using the display 7A, audible
information using the speaker 7B, and vibratory information
using the vibrator 7C.

[0050] The controller 9 is designed as, for example, a
microprocessor, and is communicably coupled to the memory
27 and a respiratory volume sensor 101.

[0051]

[0052] 1.perform various tasks in accordance with the one
or more programs, i.e. instructions, stored in the memory 27
using information input from the clock device 3, the input unit
5, and the respiratory volume sensor 101; and

[0053] 2. perform information output operations via the
information output unit 7 based on the performed tasks.

[0054] In the first embodiment, the tasks executable by the
controller 9 include a respiratory-pattern determining task
and a respiration assist task described later.

[0055] The respiratory volume sensor 101 is operative to
measure the volume of air breathed into a subject and
breathed out of the subject during unit of time for each of the
subject’s respirations, i.e. for each set of the subject’s expi-
ration and inspiration operations. The respiratory volume
sensor 101 is operative to output a respiratory signal indica-
tive of the volume, i.e. the respiratory volume, measured for
each of the subject’s respirations to the controller 9.

The controller 9 is operative to
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[0056] Normally, the respiratory signal is designed as a
periodic-wave signal that increases during a subject’s inspi-
ration operation, and decreases during a subject’s expiration
operation.

[0057] For example, the respiratory volume sensor 101 is
disposed in a mouthpiece 105, that is, a tubular member that
a subject holds in the mouth. The respiratory volume sensor
101 measures, during unit of time, the volume of air flowing
thorough the mouthpiece 105 held by the mouth of a subject
(see reference character 103 in FIG. 2) for each of the sub-
ject’s respirations, i.e. breathings. Then, the respiratory vol-
ume sensor 101 outputs the respiratory signal indicative of the
measured respiratory volume for each of the subject’s respi-
rations to the controller 9.

[0058] The controller 9 functionally includes, for example,
a time signal obtaining unit 11, a respiratory signal obtaining
unit 13, a respiratory volume obtaining unit 15, and a respi-
ratory pattern determining unit 17. The controller 9 also func-
tionally includes, for example, an ideal respiratory-volume
obtaining unit 19, a display control unit 21, a respiratory state
determining unit 23, and a respiratory function testing unit
25.

[0059] The time signal obtaining unit 11 is operative to
receive the time signal periodically sent from the clock unit 3,
and obtain current time based on the time signal.

[0060] The respiratory signal obtaining unit 13 is operative
to obtain the respiratory signal sent from the respiratory vol-
ume sensor 101.

[0061] The respiratory volume obtaining unit 15 is opera-
tively coupled to the time obtaining unit 11 and the respira-
tory signal obtaining unit 13.

[0062] The respiratory volume obtaining unit 15 is opera-
tive to integrate the respiratory signal over time determined
based on the time signal for each of the subject’s respirations,
and obtain an actual respiratory volume of the subject in
Liters (L) for each of the subject’s respirations.

[0063] For example, the respiratory volume obtaining unit
15 is operative to obtain, as the actual respiratory volume, an
actual volume of air breathed, i.e. inspired, into a subject, and
obtain an actual volume of air breathed, i.e. expired, out of the
subject for each of the subject’s respirations. The actual vol-
ume of air inspired into a subject will also be referred to as an
actual inspiration volume, and the actual volume of air
expired out of a subject will also be referred to as an actual
expiration volume.

[0064] The clock unit 3, the time obtaining unit 11, the
respiratory signal obtaining unit 13, and the respiratory vol-
ume obtaining unit 15 serve as a respiration obtaining unit
that obtains an actual respiratory volume ofa subject based on
an actual respiration of the subject in accordance with a
predetermined reference respiration pattern.

[0065] Therespiratory pattern determining unit 17 is opera-
tive to
[0066] 1. determine at least one ideal, i.e. a reference, res-

piratory pattern for a subject to be tested, and a predetermined
respiratory volume for each of predetermined points, i.e. tim-
ings, on the determined respiratory pattern based on informa-
tion input to the controller 9 via the input unit 5; and

[0067] 2. store the at least one ideal respiratory pattern and
the predetermined respiratory volume for each of predeter-
mined points on the determined respiratory pattern.

[0068] For example, the at least one ideal respiratory pat-
tern is defined based on respiration times, respiration lengths,
respiration intervals, and/or ideal, i.e. reference, respiratory
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volumes, of a test subject. The detailed functions of the res-
piratory pattern determining unit 17 will be described later.
[0069] In other words, the respiratory pattern determining
unit 17 serves as, for example, a storing unit that stores
variation of the reference respiratory volumes of a test subject
included in an at least one ideal reference respiration pattern.
[0070] The ideal respiratory-volume obtaining unit 19 is
operatively connected to the respiratory volume obtaining
unit 15 and the respiratory pattern determining unit 17. The
ideal respiratory-volume obtaining unit 19 is operative to
obtain, based on the predetermined respiratory volumes,
respective ideal respiratory volumes for a subject to be tested;
the respective ideal respiratory volumes should be displayed.
[0071] The display control unit 21 is operatively connected
to the respiratory volume obtaining unit 15 and the ideal
respiratory-volume obtaining unit 19. The display control
unit 21 is operative to control how to display, on the display
7A, atleast one image that should be displayed on the display
7A of the information output unit 7, and control how to
display at least one pointer on an image displayed on the
display 7A.

[0072] The respiratory state determining unit 23 is opera-
tively connected to the respiratory volume obtaining unit 15,
the ideal respiratory-volume obtaining unit 19, and the respi-
ratory function testing unit 25.

[0073] The respiratory state determining unit 23 is opera-
tive to calculate the deviation of an actual respiratory volume
of atest subject obtained by the respiratory volume obtaining
unit 11 at each of check timings from an ideal, i.e. a reference,
respiratory volume on at least one ideal respiratory pattern
determined for the same subject at the same check timing.
Then, the respiratory state determiner 23 is operative to out-
put the difference obtained for each of the check timings to
the respiratory function testing unit 25.

[0074] The respiratory function testing unit 25 is opera-
tively connected to the respiratory volume obtaining unit 15
in addition to the respiratory state determiner 23. The respi-
ratory function testing unit 25 is operative to successively
receive the actual respiratory volumes of a test subject for the
subject’s respective respirations from the respiratory volume
obtaining unit 15. Then, the respiratory function testing unit
25 is operative to measure, based on the received actual res-
piratory volumes of the test subject, at least one predeter-
mined measurement item indicative of the respiratory func-
tion of the test subject in accordance with a corresponding at
least one algorism predetermined for the at least one mea-
surement item. The predetermined measurement items
include, for a test subject, measurement of the lung capacity
for the spirometry test; measurement of the dynamic hypet-
inflation for the dynamic hyperinflation test; measurement of
the FEV1/FEV for the test of the FEV1/FVC; measurement
of the dynamic lung compliance for the dynamic lung com-
pliance test; and the other similar measurement items.

[0075] The respiratory function testing unit 25 is also
operative to
[0076] 1. receive the difference for each of the check tim-

ings output from the respiratory state determiner 23;

[0077] 2. determine whether the difference obtained for
each of the check timings is equal to or larger than a prede-
termined check threshold; and

[0078] 3. stop measurement of a currently selected mea-
surement item when it is determined that the difference
obtained for at least one check timing is equal to or larger than
the predetermined check threshold.
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[0079] Next, how the controller 9 executes the respiratory-
pattern determining task and the respiration assist task will be
described hereinafter with reference to FIGS. 3A to 3C, 4A,
4B, and 9A. In each of FIGS. 3A to 3C and 9A, the horizontal
axis represents time that has elapsed since start of a corre-
sponding test, and the vertical axis represents a respiratory
volume (L) of a test subject. The origin in the vertical axis of
each of FIGS. 3A to 3C and FIG. 9A represents the level ofa
resting respiratory volume of a test subject.

[0080] First, specific operations of the controller 9, particu-
larly, the respiratory-pattern determining unit 17, executing
the respiratory-pattern determining task will be described.
The controller 9 is programmed to execute the respiratory-
pattern determining task in response to when test start infor-
mation is input by an operator thereto from the input unit 5.

[0081] When starting the respiratory-pattern determining
task, the controller 9 serves as the respiratory pattern deter-
mining unit 17 to repeatedly determine whether a test item
and subject information about a test subject are input thereto
from the input unit 5 in step S1 of FIG. 4A.

[0082] When no testitem and subject information are input
to the controller 9 (NO in step S1), the controller 9 repeatedly
performs the determination in step S1.

[0083] Otherwise, when an operator enters a test item and
subject information about a test subject into the input unit 5 so
that the test item and subject information have been inputted
to the controller 9 from the input unit 5 (YES in step S1), the
controller 9 determines that the test item and subject infor-
mation are input thereto from the input unit 5 (YES in step
S1). Next, the controller 9 serves as the respiratory pattern
determining unit 17 to determine an ideal respiratory pattern
suitable for the test item and subject information determined
in step S1 in step S2.

[0084] In the first embodiment, the memory 27 or the con-
troller 9 stores therein a map M1 representing correlations
between each of the test items that can be tested by the
respiratory function test system 1 and a predetermined num-
ber of ideal respiratory patterns. The predetermined number
ofideal respiratory patterns for each test item are prepared for
respective items, i.e. the race, sex, age, height, weight, history
of illness, past medical history, and the like about a test
subject. In the first embodiment, the map M1 is stored in the
memory 27 as an example.

[0085] That is, in step S2, the controller 9 selects one of the
ideal respiratory patterns stored therein or in the memory 27,
the selected ideal respiratory pattern match the items of the
subject information received in step S1.

[0086] Forexample, when a spirometry test and the subject
information are input to the control unit 9, the controller 9
determines an ideal respiratory pattern suitable for the
spirometry test and the subject information in step S2. An
example of ideal respiratory patterns suitable for the spirom-
etry test is illustrated in FIG. 3A.

[0087] FIG. 3A shows that, after a preset number of quiet
breathings are performed at substantially constant intervals,
1.e. constant breathing cycles, a subject completely expires,
takes the deepest breath he/or she can, and then exhales as
long as possible. During the spirometry test, the difference
between the highest peak and the lowest peak of the wave-
form of the respiratory signal represents a vital capacity of the
subject.

[0088] FIG. 3B illustrates an example of ideal respiratory
patterns suitable for the dynamic hyperinflation test.
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[0089] FIG. 3B shows that, after a number of over-breath-
ings are performed at short intervals for preset time, such as
30 seconds, an inspiration capacity is measured. This set is
repeated at preset times while changing the number of over-
breathings. FIG. 3B shows that, after ten over-breathings are
performed during 30 seconds, an inspiration capacity is mea-
sured as IC, . Like the inspiration capacity IC, ., after twenty
over-breathings are performed during 30 seconds, an inspi-
ration capacity is measured as IC,,, and after thirty over-
breathings are performed during 30 seconds, an inspiration
capacity is measured as IC,,. Based on the change of the
inspiration capacities IC,, IC,,, and IC;,, evaluation of the
dynamic hyperinflation of the subject is performed.

[0090] FIG. 3C illustrates an example of ideal respiratory
patterns suitable for the test of FEV1/FVC.

[0091] FIG. 3C shows FVC (Forced Vital Capacity), which
is the vital capacity from a maximally forced expiratory
effort, and FEV1, which represents a volume that has been
exhaled at the end of the first second of forced expiration. The
ratio of the FEV1/FVC can be calculated based on measured
FVCand FEVI.

[0092] FIG. 9A illustrates an example of ideal respiratory
patterns suitable for the dynamic lung compliance test.
[0093] FIG. 9A shows that, after deep breathing, a preset
number of quiet breathings with a predetermined respiratory
volume for each breathing being maintained are performed as
a respiratory pattern. This respiratory pattern is sequentially
repeated at three times as a first respiratory pattern PAl, a
second respiratory pattern PA2, and a third respiratory pattern
PA3 while

[0094] (i) the respiratory volumes, i.e. the maximum
inspiratory levels, of the respective first to third respiratory
patterns are increased in the order of the first respiratory
pattern, the second respiratory pattern, and the third respira-
tory pattern; and

[0095] (ii) the breathing cycles of the respective first, sec-
ond, and third respiratory patterns are respectively set to
different values of 4 seconds, 3 seconds, and 2.5 seconds.
[0096] Note that the dynamic lung compliance test neces-
sitates estimation of a value of the intrathoracic pressure of
the test subject for each of the first to third patterns. How to
estimate a value of the intrathoracic pressure of a test subject
uses one of known estimation methods, an example of which
is disclosed in Japanese Patent Application Publication No.
2002-355227. Specifically, the estimation method disclosed
in the Patent Publication No. 2002-355227 focuses on the fact
that the variation of pulse waves of a test subject highly
correlates with the intrathoracic pressure of the test subject.
That is, the estimation method includes

[0097] 1.astep of measuring a pulse wave signal indicative
of pulse waves of a test subject;

[0098] 2. a step of measuring how the pulse wave signal
varies; and
[0099] 3. a step of estimating a value of the intrathoracic

pressure of the test subject based on the measured variation of
the pulse wave signal.

[0100] Then, the dynamic lung compliance test plots the
respiratory volumes for the respective first to third patterns on
a graph as variation of a vertical axis against variation of the
estimated values of the intrathoracic pressure as a horizontal
axis (see FIG. 9B). The inventor’s research finds the follow-
ing primary expression [1] between respiratory volume and
intrathoracic pressure:

P=aX+b [
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[0101] where X represents a variation of the estimated val-
ues of the intrathoracic pressure, and Y represents a variation
of the respiratory volumes for the respective first to third
patterns. a is a constant gradient, and b is a constant intercept
for the vertical axis. The gradient a represents the lung ability
to stretch and expand, or the level of the lung flexibility, i.e.
the dynamic lung compliance. The intercept b represents how
much volume the test subject expels. In other words, the
intercept b represents how easily the test subject expels air.
[0102] Next, in step S3, the controller 9 serves as the ideal
respiratory volume obtaining unit 19 to

[0103] (1)obtain an ideal, i.e. a desired, respiratory volume
at each of predetermined test timings determined on the ideal
respiratory pattern determined in step S2; and

[0104] (2) store the ideal respiratory volume at each of the
predetermined test timings determined on the ideal respira-
tory pattern.

[0105] The ideal respiratory volume at each of the prede-
termined test timings determined on the determined ideal
respiratory pattern is required for high-accuracy test using the
ideal respiratory pattern.

[0106] In the first embodiment, the memory 27 or the con-
troller 9 stores therein a map M2 representing correlations
betweenideal respiratory volumes and predetermined respec-
tive test timings determined on each of the ideal respiratory
patterns, all of which are prepared in the map M1.

[0107] That is, in step S3, the controller 9 retrieves, from
the map M2, ideal respiratory volumes at predetermined
respective test timings determined on the ideal respiratory
pattern determined in step S2. After completion of the opera-
tion in step S3, the controller 9 terminates the respiratory-
pattern determining task.

[0108] Next, specific operations of the controller 9 execut-
ing the respiration assist task will be described. The controller
9 is programmed to cyclically execute the respiration assist
task while the test subject actually takes breaths, i.e. respira-
tions, according to the determined test item after the ideal
respiratory pattern and the ideal respiratory volumes have
been determined in step S2.

[0109] When starting the respiration assist task, the con-
troller 9 serves as the display control unit 21 to determine
whether an ideal respiratory-pattern waveform 200 visually
representing the ideal respiratory pattern and the ideal respi-
ratory volumes at the predetermined respective test timings
determined on the ideal respiratory pattern has been dis-
played as a graph on the display 7A in step S11 of FIG. 4B.
[0110] The ideal respiratory-pattern waveform 200 graphi-
cally displayed on the display 7A is a visual plotting of the
relationship between

[0111] 1.time, which is shown as the horizontal axis, rela-
tive to the start of the respiratory function test; and

[0112] 2.theideal respiratory volumes, which are shown as
the vertical axis, at the predetermined respective test timings
determined on the ideal respiratory pattern.

[0113] When it is determined that the ideal respiratory-
pattern waveform 200 has been displayed on the display 7A
(YES instep S11), the procedure of the respiration assist task
goes to step S13. Otherwise, when it is determined that the
ideal respiratory-pattern waveform 200 has not been dis-
played yet on the display 7A (NO in step S11), the controller
9 carries out the operation in step S12. Specifically, in step
S12, the controller 9 serves as the display control unit 21 to
display the ideal respiratory-pattern waveform 200 on the
display 7A based on the ideal respiratory pattern and the ideal
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respiratory volumes at the predetermined respective test tim-
ings determined on the ideal respiratory pattern determined
by the respiratory-pattern determining task.

[0114] In FIG. 5A, reference character Xta represents an
ideal respiratory volume at timing ta determined by the res-
piratory-pattern determining task. Note that the origin in the
graph of FIG. 5A represents the level of a resting respiratory
volume of the test subject.

[0115] Following the operation in step S11 or step S12, the
controller 9 obtains, as obtaining time or sampling time,
current time t relative to the start of the respiratory function
test based on the time signal obtained by the time signal
obtaining unit 11 in step S13.

[0116] Next, in step S14, the controller 9 serves as the
respiratory signal obtaining unit 13 and respiratory volume
obtaining unit 15 to obtain an actual respiratory volume of the
test subject at the obtaining time, i.e. sampling time, t
obtained in step S13.

[0117] Following the operation in step S14, the controller 9
serves as the display control unit 21 to display the actual
respiratory volume of the test subject at the obtaining time t
on the display 7A such that the actual respiratory volume of
the test subject at the obtaining time t is superimposed on the
ideal respiratory-pattern waveform 200 displayed on the dis-
play 7A in step S15.

[0118] In other words, the display control unit 15 serves as
an assisting unit that generates, based on the actual respira-
tory volume of the test subject at the obtaining time t and the
ideal respiratory-pattern waveform 200 as an example of the
variation, visual assist information. The visual information
represents a respiratory state ofthe subject relative to the ideal
respiratory-pattern waveform 200, and provides the visual
assist information to the subject via the display 7A.

[0119] As an example of the visual assist information, as
illustrated in FIG. 5B, the controller 9 plots, on the graph of
the ideal respiratory-pattern waveform 200 displayed on the
display 7A, a pointer, such as an arrow, 201; the pointer 201
is positioned at the actual respiratory volume of the test sub-
ject in the vertical axis and positioned at the obtaining time t
determined in step S13 in the horizontal axis.

[0120] Because the controller 9 cyclically performs the
respiration assist task when the test subject actually starts a
respiratory function test, the pointers 201 have been plotted
on the graph of the ideal respiratory-pattern waveform 200
displayed on the display 7A. Thus, in step S15, the controller
9 displays a trajectory 203 connecting the leading ends of the
already plotted pointers 201 on the graph of the ideal respi-
ratory-pattern waveform 200 displayed on the display 7A
while the leading end of the trajectory 203 forms as an arrow
201. The arrow 201 indicates the actual respiratory volume of
the test subject at the obtaining time t on the graph of the ideal
respiratory-pattern waveform 200 (see FIG. 5B). The arrow
201 also indicates a direction of a moving direction of the
trajectory 203.

[0121] Note that, in this case, the controller 9 erases an
already displayed arrow 201 at the previous cycle of the
respiration assist task in step S15.

[0122] Following the operation in step S15, the controller 9
serves as the ideal respiratory-volume obtaining unit 19 to
obtain a future ideal respiratory volume at future time defined
after a lapse of At from the obtaining time t on the ideal
respiratory pattern in step S16. The future time will be
referred to as t+At.
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[0123] 1In step S16, the controller 9 serves as the display
control unit 21 to display a guide marker or pointer 205
positioned at the future ideal respiratory volume in the verti-
cal axis and positioned at the future time t+At in the horizontal
axis; the guide marker or pointer 205 points out the future
ideal respiratory volume. For example, in FIG. 5B, a star-
shaped guide marker 205 is displayed on the ideal respiratory-
pattern waveform 200. After completion of the operation in
step S16, the controller 9 terminates the respiration assist
task. As described above, the controller 9 cyclically executes
the respiration assist task.

[0124] The cyclic execution of the respiration assist task
results in the pointer 201 indicating the actual respiratory
volume moving in the right direction on the graph of the ideal
respiratory-pattern waveform 200 over time. Thus, if the
actual respiratory volumes measured based on respirations of
the test subject follow the ideal respiratory-pattern waveform
200, the pointer 201 will move on the ideal respiratory-pat-
tern waveform 200. However, if the actual respiratory vol-
umes measured based on respirations of the test subject donot
follow the ideal respiratory-pattern waveform 200, the
pointer 201 will deviate from the ideal respiratory-pattern
waveform 200.

[0125] The trajectory 203 follows movement of the pointer
201 to the right on the graph of the ideal respiratory-pattern
waveform 200, thus moving in the right direction.

[0126] The guide marker or pointer 205 also follows move-
ment of the pointer 201 in the right direction on the graph of
the ideal respiratory-pattern waveform 200, thus moving in
the right direction while being located on the right side of the
pointer 201 by the length of At.

[0127] Note that the controller 9 serves as the respiratory
function testing unit 25 to measure, based on the received
actual respiratory volumes of the test subject, a predeter-
mined measurement item corresponding to the test item input
from the input unit 5 in step S1 while performing the respi-
ration assist task.

[0128] FIG. 6 schematically illustrates an execution result
of the respiration assist task when the spirometry test illus-
trated in FIG. 3A is selected as the test item in step S1.

[0129] Referring to FIG. 6, reference character 207 repre-
sents start timing of the deepest breath of a test subject, and
reference character 209 represents the range of the quiet
breathings. Reference numeral 211 represents a top line sub-
stantially passing highest peaks of the ideal respiratory-pat-
tern waveform 200 for the spirometry test within the range of
the quiet breathings, and reference character 213 represents a
bottom line substantially passing lowest peaks of the ideal
respiratory-pattern waveform 200 for the spirometry test
within the range of the quiet breathings. Reference character
o represents a vital capacity of the test subject.

[0130] As illustrated in FIG. 6, the arrow pointer 201 is
displayed to be superimposed on the ideal respiratory-pattern
waveform 200 to indicate, at its leading end, the actual res-
piratory volume of the test subject at obtaining time t. The
trajectory 203 connecting the leading ends of the already
plotted arrow pointers 201 is displayed on the graph of the
ideal respiratory-pattern waveform 200. In addition, the star-
shaped guide marker 205 is displayed on the graph of the ideal
respiratory-pattern waveform 200 while indicating the future
ideal respiratory volume at the future time t+At. Note that the
ideal respiratory-pattern waveform 200 illustrated in FIG. 6
schematically illustrates a desired respiratory waveform as a



US 2015/0133810 A1

guideline for the test subject, and therefore does not neces-
sarily shows an actual ideal respiratory pattern accurately.
[0131] FIG. 7 schematically illustrates an execution result
of the respiration assist task when the dynamic hyperinflation
testillustrated in FIG. 3B is selected as the test item in step S1.
[0132] Referring to FIG. 7, reference character 215 repre-
sents start timing of measurement of the inspiration capacity
(IC) of a test subject, and reference character 217 represents
the duration of the over-breathings. Reference character f3
represents the inspiration capacity of the test subject.

[0133] As illustrated in FIG. 7, the arrow pointer 201 is
displayed to be superimposed on the ideal respiratory-pattern
waveform 200 to indicate, at its leading end, the actual res-
piratory volume of the test subject at obtaining time t. The
trajectory 203 connecting the leading ends of the already
plotted arrow pointers 201 is displayed on the graph of the
ideal respiratory-pattern waveform 200. In addition, the star-
shaped guide marker 205 is displayed on the graph of the ideal
respiratory-pattern waveform 200 while indicating the future
ideal respiratory volume at the future time t+At. Note that the
ideal respiratory-pattern waveform 200 illustrated in FIG. 7
schematically illustrates a desired respiratory waveform as a
guideline for the test subject, and therefore does not neces-
sarily shows an actual ideal respiratory pattern accurately.
[0134] FIG. 8 is a graph schematically illustrating an
execution result of the respiration assist task when the
dynamic lung compliance test illustrated in FIG. 9A is
selected as the test item according to the first embodiment.
[0135] Referring to FIG. 8, reference character PA1 repre-
sents the first respiratory pattern with the respiratory volume
of 0.3 L, reference character PA2 represents the second res-
piratory pattern with the respiratory volume of 0.5 L, and
reference character PA3 represents the third respiratory pat-
tern with the respiratory volume of 1.0 L.

[0136] As illustrated in FIG. 8, the arrow pointer 201 is
displayed to be superimposed on the ideal respiratory-pattern
waveform 200 to indicate, at its leading end, the actual res-
piratory volume of the test subject at obtaining time t. The
trajectory 203 connecting the leading ends of the already
plotted arrow pointers 201 is displayed on the graph of the
ideal respiratory-pattern waveform 200. In addition, the star-
shaped guide marker 205 is displayed on the graph of the ideal
respiratory-pattern waveform 200 while indicating the future
ideal respiratory volume at the future time t+At. Note that the
ideal respiratory-pattern waveform 200 illustrated in FIG. 8
schematically illustrates a desired respiratory waveform as a
guideline for the test subject, and therefore does not neces-
sarily shows an actual ideal respiratory pattern accurately.
[0137] As described above, during a respiratory function
test of a test subject based on a selected test item, the respi-
ratory function test system 1, in other words, the respiration
assist apparatus included in the test system 1 is capable of
[0138] (i) determining an ideal respiratory pattern based on
the selected test item and entered subject information of the
test subject and ideal respiratory volumes at predetermined
respective test timings determined on the ideal respiratory
pattern;

[0139] (ii) displaying, on the display 7A, an ideal respira-
tory-pattern waveform 200 visually representing the ideal
respiratory pattern and the ideal respiratory volumes at the
predetermined respective test timings determined on the ideal
respiratory pattern;

[0140] (iii) obtaining an actual respiratory volume of the
test subject at each obtaining time; and
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[0141] (iv) displaying, using a pointer 201, the actual res-
piratory volume obtained for each of the obtaining times such
that the actual respiratory volume 201 is superimposed on the
ideal respiratory-pattern waveform 200 displayed on the dis-
play 7A.

[0142] This capability enables the test subject to visibly
compare the actual respiratory volume obtained for each
obtaining time with the ideal respiratory-pattern waveform
200, making it possible for the test subject to easily under-
stand the relationship between the actual respiratory volume
obtained for each obtaining time, i.e. each sampling timing,
and the ideal respiratory-pattern waveform 200.

[0143] This capability also permits the test subject to easily
understand how the ideal respiratory pattern will change from
each of the obtaining times.

[0144] This enables the test subject to adjust next actual
respiratory time and a next actual respiratory volume after
each obtaining time such that the next actual respiratory vol-
ume at the next actual respiratory time after each obtaining
time matches with the ideal respiratory volume at the same
time. This results in an improvement of the accuracy of the
respiratory function tests to be carried out by the respiratory
function test system 1.

[0145] Particularly, the respiratory function test system 1 is
capable of displaying a guide marker or pointer 205 indicat-
ing a future ideal respiratory volume at future time defined
after a lapse of preset time At from each obtaining time. This
makes the guide marker or pointer 205 follow movement of
the pointer 201, i.e. the actual respiratory volume 201, thus
making for the test subject to understand the next ideal res-
piratory volume after each sampling time, which should be
required for meeting the ideal respiratory pattern.

[0146] Accordingly, the respiratory function test system 1
is capable of efficiently assisting respirations, i.e. breathings,
of test subjects, thus improving the accuracy of their respira-
tory function tests.

[0147] FIG. 10A illustrates, as a graph, the progression of
actual respiratory values of a test subject during a selected test
item of a respiratory function test; the actual respiratory vol-
umes were obtained when the graph illustrated in FIG. 5B is
not displayed on the display 7A. Note that the vertical axis of
the graph represents the actual respiratory volumes (L), and
the horizontal axis represents measurement time (sec) of the
actual respiratory volumes.

[0148] As illustrated in FIG. 10A, the actual respiratory
volumes, the breathing cycles, and actual breathing wave-
forms vary for respective breathings.

[0149] In contrast, FIG. 10B illustrates, as a graph, the
progression of actual respiratory values of the same test sub-
ject during the same test item of the respiratory function test;
the actual respiratory volumes were obtained when the graph
illustrated in FIG. 5B is displayed on the display 7A. Note that
the vertical axis and the horizontal axis of the graph illustrated
in FIG. 10B are the same as those of the graph illustrated in
FIG. 10A.

[0150] As clearly illustrated in FIG. 10B, the actual respi-
ratory volumes, the breathing cycles, and the actual breathing
waveforms are stable, so that there are few variations in each
of the actual respiratory volumes, the breathing cycles, and
the actual breathing waveforms.
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Second Embodiment

[0151] A respiratory function test system, which includes a
respiration assist apparatus, according to a second embodi-
ment of the present disclosure will be described hereinafter.
[0152] The structure of the respiratory function test system
according to the second embodiment is identical to that of the
respiratory function test system 1, so that the description of
which is omitted.

[0153] The functions of the respiratory function test system
according to the second embodiment are slightly different
from those of the respiratory function test system 1 by the
following points. So, the different points will be mainly
described hereinafter.

[0154] The controller 9 according to the second embodi-
ment is programmed to execute the respiratory-pattern deter-
mining task in the same manner as the controller 9 according
to the first embodiment.

[0155] Next, specific operations of the controller 9 execut-
ing the respiration assist task according to the second embodi-
ment will be described. The controller 9 is programmed to
cyclically execute the respiration assist task while the test
subject actually takes breaths, i.e. respirations, according to
the determined test item after the ideal respiratory pattern and
the ideal respiratory volumes have been determined in step
S2.

[0156] Referring to FIG. 11A, the controller 9 determines
whether ideal respiratory volumes at respective highest peaks
P1 and lowest peaks P2 of the ideal respiratory pattern have
been displayed as a graph on the display 7A in step S11A.
[0157] As illustrated in FIG. 11B, the highest peaks P1
represent the positions of end-expirations on the ideal respi-
ratory pattern, and the lowest peaks P2 represent the positions
of end-inspirations on the ideal respiratory pattern.

[0158] When it is determined that the ideal respiratory vol-
umes at the respective highest peaks P1 and lowest peaks P2
of the ideal respiratory pattern have been displayed on the
display 7A (YES in step S11A), the procedure of the respi-
ration assist task goes to step S13.

[0159] Otherwise, when it is determined that the ideal res-
piratory volumes at the respective highest peaks P1 and low-
est peaks P2 of the ideal respiratory pattern have not been
displayed vyet on the display 7A (NO in step S11A), the
controller 9 carries out the operation in step S12A of FIG.
11A.

[0160] Specifically, in step S12A, the controller 9 serves as
the display control unit 21 to select, from the ideal respiratory
volumes obtained in step S3, the ideal respiratory volumes at
the respective highest peaks P1 and lowest peaks P2 of the
ideal respiratory pattern. Then, in step S12A, the controller 9
displays the ideal respiratory volumes at the respective high-
est peaks P1 and lowest peaks P2 of the ideal respiratory
pattern on the display 7A (see F1G. 11B).

[0161] The other operations of the respiration assist task
according to the second embodiment are substantially iden-
tical to those of the respiration assist task according to the first
embodiment.

[0162] Because the ideal respiratory volumes at the respec-
tive highest peaks P1 and lowest peaks P2 of the ideal respi-
ratory pattern sufficiently include a schematic waveform of
the ideal respiratory pattern, the respiratory function test sys-
tem according to the second embodiment achieves substan-
tially the same advantages as those achieved by the respira-
tory function test system 1.
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Third Embodiment

[0163] A respiratory function test system, which includes a
respiration assist apparatus, according to a third embodiment
of the present disclosure will be described hereinafter.
[0164] The structure of the respiratory function test system
according to the third embodiment is identical to that of the
respiratory function test system 1, so that the description of
which is omitted.

[0165] The functions of the respiratory function test system
according to the third embodiment are different from those of
the respiratory function test system 1 by the following points.
So, the different points will be mainly described hereinafter.
[0166] Specific operations of the controller 9 executing the
respiration assist task according to the third embodiment will
be described. The controller 9 is programmed to cyclically
execute the respiration assist task while the test subject actu-
ally takes breaths, i.e. respirations, according to the deter-
mined test item after the ideal respiratory pattern and the ideal
respiratory volumes have been determined in step S2.
[0167] When starting the respiration assist task, the con-
troller 9 serves as the display control unit 21 to reset infor-
mation displayed on the display 7A in step S21 of FIG. 12.
[0168] Next, the controller 9 obtains, as obtaining time,
current time t relative to the start of the respiratory function
test based on the time signal obtained by the time signal
obtaining unit 11 in step S22.

[0169] Following the operation in step S22, the controller 9
serves as the respiratory signal obtaining unit 13 and respira-
tory volume obtaining unit 15 to obtain an actual respiratory
volume of the test subject at the obtaining time t obtained in
step S23.

[0170] Next, in step S24, the controller 9 serves as the ideal
respiratory-volume obtaining unit 19 to obtain an ideal res-
piratory volume at the obtaining time t on the ideal respiratory
pattern in step S3.

[0171] Following the operation in step S24, the controller 9
serves as the ideal respiratory-volume obtaining unit 19 to
obtain a future ideal respiratory volume at future time defined
after a lapse of At from the obtaining time t on the ideal
respiratory pattern in step S25. The future time will be
referred to as t+At.

[0172] Next, the controller 9 serves as the display control
unit 21 to display, on the display 7A, a first bar 219 serving as
afirst graphic object; the first bar 219 has a length correspond-
ing to the actual respiratory volume obtained in step S23 in
the form of a bar graph whose vertical axis represents varia-
tion of the actual respiratory volumes in step S26 (see FIG.
13).

[0173] Following the operation in step S26, the controller 9
serves as the display control unit 21 to display, on the display
7A, asecond bar 221 serving as a second graphic object; the
second bar 221 has a length corresponding to the ideal respi-
ratory volume at the obtaining time t obtained in step S24 in
step S27. Specifically, the controller 9 displays the second bar
221 at an immediate right side of the bar 219 on the bar graph
illustrated in FIG. 13 in step S27.

[0174] Next, the controller 9 serves as the display control
unit 21 to display, on the bar graph illustrated in FIG. 13, an
arrow guide pointer 223 positioned at the future ideal respi-
ratory volume in the vertical axis of the bar graph in step S28.
The arrow guide pointer 223 is located above or below the top
of the second bar 221 and points out the future ideal respira-
tory volume in step S28.
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[0175] Forexample, ifthe future ideal respiratory volume is
greater than the ideal respiratory volume at the obtaining time
t, the arrow guide pointer 223 is located above the top of the
second bar 221 and directed upward. If the future ideal res-
piratory volume is smaller than the ideal respiratory volume
at the obtaining time t, the arrow guide pointer 223 is located
below the top of the second bar 221 and directed downward.
After completion of the operation in step S28, the controller 9
terminates the respiration assist task according to the third
embodiment. As described above, the controller 9 cyclically
executes the respiration assist task.

[0176] The cyclic execution of the respiration assist task
results in the length of the first bar 219 changing over time
depending on variations of the actual respiratory volumes
obtained at the respective obtaining times t. The cyclic execu-
tion of the respiration assist task also results in the length of
the second bar 221 changing over time depending on varia-
tions of the ideal respiratory volumes at the same obtaining
times t. The cyclic execution of the respiration assist task
further results in the position of the arrow guide pointer 223
rising or falling over time depending on variations of the
future ideal respiratory volumes at the future times t+At.
Additionally, the cyclic execution of the respiration assist task
results in the direction of the arrow guide pointer 223 showing
an increase or decrease of the trajectory of the ideal respira-
tory volumes after each obtaining time t.

[0177] As described above, during a respiratory function
test of a test subject based on a selected test item, the respi-
ratory function test system according to the third embodiment
is capable of

[0178] 1.obtaining an actual respiratory volume of the test
subject at each obtaining time;

[0179] 2.displaying, on the display 7A, the bar graph illus-
trated in FIG. 13 in which the length of the first bar 219
represents the actual respiratory volume of the test subject at
each obtaining time t;

[0180] 3.determining an ideal respiratory pattern based on
the selected test item and entered subject information of the
test subject and ideal respiratory volumes at predetermined
respective test timings determined on the ideal respiratory
pattern; and

[0181] 4.displaying, on the display 7A, the bar graph illus-
trated in FIG. 13 in which the length of the second bar 221
represents the ideal respiratory volume at each obtaining time
t.

[0182] The respiratory function test system according to
the third embodiment is further capable of

[0183] (i) displaying, on the bar graph, the arrow guide
pointer 223 representing the ideal respiratory volume at the
future time t+At defined after a lapse of the preset time At
from each obtaining time t; and

[0184] (ii) showing, by the direction of the arrow guide
pointer 223, an increase or decrease from the current ideal
respiration volume at each obtaining time t.

[0185] These capabilities permit the test subject to visibly
compare the length of the first bar 219 with that of the second
bar 221 for each obtaining time t, making it possible for the
test subject to easily understand the relationship between the
actual respiratory volume and the ideal respiratory volume for
each obtaining time t.

[0186] These capabilities also permit the test subject to
visibly recognize the direction of the arrow guide pointer 223,
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making it possible for the test subject to easily understand
how the ideal respiratory pattern will change from each
obtaining time t.

[0187] This enables the test subject to adjust next actual
respiratory time and a next actual respiratory volume after
each obtaining time t such that the next actual respiratory
volume at the next actual respiratory time after each obtaining
time t matches with the ideal respiratory volume at the same
time. This results in an improvement of the accuracy of the
respiratory function tests to be carried out by the respiratory
function test system according to the third embodiment

Fourth Embodiment

[0188] A respiratory function test system 1A accordingto a
fourthembodiment of the present disclosure will be described
hereinafter.

[0189] The structure and functions of the respiratory func-
tion test system 1A according to the fourth embodiment are
different from those of the respiratory function test system 1
by the following points. So, the different points will be mainly
described hereinafter.

[0190] Referring to FIG. 14, the controller 9 further func-
tionally includes an intrathoracic pressure calculating unit 29
operatively coupled to the respiratory function testing unit 25
and communicably coupled to an external pulse wave sensor
107; the pulse wave sensor 107 is capable of measuring a
pulse wave signal indicative of pulse waves of a test subject
103 (see FIG. 15).

[0191] Specifically, the intrathoracic pressure calculating
unit 29 is capable of estimating a value of the intrathoracic
pressure of the test subject in accordance with one of the
known estimation methods, an example of which is disclosed
in Japanese Patent Application Publication No. 2002-355227.
[0192] Specifically, as descried above, the intrathoracic
pressure calculating unit 29 has the capacity to

[0193] 1. receive the pulse wave signal sent from the pulse
wave sensor 107,

[0194] 2. measure, based on the pulse wave signal, how the
pulse wave signal varies;

[0195] 3. estimate a value of the intrathoracic pressure of
the test subject based on the measured variation of the pulse
wave signal; and

[0196] 4.input the estimated value of the intrathoracic pres-
sure of the test subject to the respiratory function testing unit
25.

[0197] Thus, the respiratory function testing unit 25 is
capable of measuring the dynamic lung compliance based on
variation of the estimated values of the intrathoracic pressure
and the aforementioned equation [1].

[0198] The specific operations of the controller 9 executing
the respiratory-pattern determining task according to the
fourth embodiment are substantially identical to those of the
controller 9 according to the first embodiment. Similarly, the
specific operations of the controller 9 executing the respira-
tion assist task according to the fourth embodiment are sub-
stantially identical to those of the controller 9 according to the
first embodiment.

[0199] Accordingly, the respiratory function test system
1A according to the fourth embodiment achieves substan-
tially the same advantages as those achieved by the respira-
tory function test system 1.

[0200] In addition, the respiratory function test system 1A
according to the fourth embodiment is equipped with the
intrathoracic pressure calculating unit 29 having the capacity
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to estimate a value of the intrathoracic pressure of a test
subject. This makes it possible to more easily measure the
dynamic lung compliance of the test subject.

[0201] The present disclosure is not limited to the afore-
mentioned embodiments, and various modifications of the
embodiments can be performed within the scope of the
present disclosure.

[0202] In step S15, the controller 9 can output sounds via
the speaker 7B or vibratory motions via the vibrator 7C to
guide the subject’s respiratory operations in addition to dis-
playing the actual respiratory volume of a test subject (see
step S15a in FIG. 4). For example, if the actual respiratory
volume of the test subject begins to deviate from the corre-
sponding the ideal respiratory volume, the controller 9 can
output sounds via the speaker 7B or vibratory motions via the
vibrator 7C; the sounds or vibratory motions encourage the
test subject to correct the actual respiratory operation so as to
follow the ideal respiratory pattern. An example of such
sounds is a sound message of “please breathe in more
deeply”.

[0203] Instep S15, the controller 9 can serve as respiratory
state determining unit 23 and the respiratory function testing
unit 25 to

[0204] 1. calculate the deviation of the actual respiratory
volume from the corresponding ideal respiratory volume;
[0205] 2. determine whether the deviation of the actual
respiratory volume from the corresponding ideal respiratory
volume is greater than a threshold volume in addition to
displaying the actual respiratory volume of a test subject (see
step S155 in FIG. 4); and

[0206] stop measurement of the measurement item corre-
sponding to the selected test item input in step S1 when it is
determined that the deviation of the actual respiratory volume
from the corresponding ideal respiratory volume is greater
than the threshold volume (see YES in step S15b and step
S15¢ in FIG. 4).

[0207] Note that, when it is determined that the deviation is
equal or lower than the threshold volume (NO in step S155),
the procedure of the respiration assist task goes to step S16.
[0208] Instead of the operation in step S15¢, in step S154,
the controller 9 can serve as the respiratory function testing
unit 25 to

[0209] (i) correct a part of an actual respiratory waveform
comprising the actual respiratory volumes when it is deter-
mined that the deviation of the actual respiratory volume
obtained in a cycle of the respiration assist task from the
corresponding ideal respiratory volume is greater than the
threshold volume; this cycle constitutes the part of the actual
respiratory waveform; and

[0210] (ii) measure, based on the corrected actual respira-
tory waveform, a predetermined measurement item corre-
sponding to the test item input from the input unit 5 in step S1.
[0211] In the operation in step S15d, the controller 9 can
serve as the respiratory function testing unit 25 to

[0212] (1) correctthe actual respiratory waveform by delet-
ing the part of the actual respiratory waveform when it is
determined that the deviation of the actual respiratory volume
obtained in a cycle of the respiration assist task from the
corresponding ideal respiratory volume is greater than the
threshold volume; this cycle constitutes the part of the actual
respiratory waveform; and

[0213] (2) measure, based on the actual respiratory wave-
form, a predetermined measurement item corresponding to
the test item input from the input unit 5 in step S1.
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[0214] As a modification of the third embodiment, the con-
troller 9 can display the actual respiratory volume and the
ideal respiratory volume in place of the bar graph.

[0215] Specifically, in step S26, the controller 9 can dis-
play, on the display 7A, a first sector picture 225 serving as a
first graphic object; the first sector picture has a center angle
01 and an area corresponding to the actual respiratory volume
obtained in step S23 (see FIG. 16). Specifically, the first
sector picture 225 has a first radius 231 with a fixed position
on the display 7A, a second radius 233, and a pivot 229 where
the first radius 231 and the second radius 233 meet. The
position of the second radius 233 is pivotable about the pivot
229, thus changing the center angle 01 and the area such that
the changed center angle 81 and the changed area are propor-
tional to the actual respiratory volume obtained in step S23.
[0216] In step S27, the controller 9 can display, on the
display 7A, a second sector picture 227 serving as a second
graphic object; the second sector picture 27 has a center angle
02 and an area corresponding to the ideal respiratory volume
at the obtaining time t obtained in step S24 (see F1G. 16). For
example, the controller 9 displays the second sector picture
227 at an immediate right side of the first sector picture 225 on
the display 7A.

[0217] Specifically, the second sector picture 227 has a first
radius 237 with a fixed position on the display 7A, a second
radius 239, and a pivot 235 where the first radius 237 and the
second radius 239 meet. The position of the second radius 239
is pivotable about the pivot 235, thus changing the center
angle 02 and the area such that the changed center angle 62
and the changed area are proportional to the ideal respiratory
volume obtained in step S24.

[0218] Thus, in the modification, the center angle 61 and
the area of the first sector picture 225 display the actual
respiratory volume obtained at the obtaining time t, and the
center angle 62 and the area of the second sector picture 227
display the ideal respiratory volume at the same obtaining
time't.

[0219] Inaddition, in step S28, the controller 9 can display,
on the display 7A, a dashed radius positioned at the future
ideal respiratory volume obtained in step S25m and display,
on the dashed radius, an arrow guide pointer 229. A direction
of the arrow guide pointer 229 points out an increase or
decrease of the future ideal respiratory volume at the future
time t+At relative to the ideal respiratory volume at the obtain-
ing time t.

[0220] Forexample, if the future ideal respiratory volume is
greater than the ideal respiratory volume at the obtaining time
t, the arrow guide pointer 229 located on the right side of the
ideal respiratory volume at the obtaining time t is directed
rightward. Otherwise, if the future ideal respiratory volume is
smaller than the ideal respiratory volume at the obtaining time
t, the arrow guide pointer 229 located on the left side of the
ideal respiratory volume at the obtaining time t is directed
leftward.

[0221] The cyclic execution of the respiration assist task
according to the modification can result in the center angle 61
and the area of the first sector picture 225 changing over time
depending on variations of the actual respiratory volumes
obtained at the respective obtaining times t. The cyclic execu-
tion of the respiration assist task according to the modifica-
tion also can result in the center angle 02 and the area of the
second sector picture 227 changing over time depending on
variations of the ideal respiratory volumes at the same obtain-
ing times t. The cyclic execution of the respiration assist task
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according to the modification further can result in the position
of the arrow guide pointer 229 moving rightward or leftward
over time depending on variations of the future ideal respira-
tory volumes at the future times t+At. Additionally, the cyclic
execution of the respiration assist task according to the modi-
fication results in the direction of the arrow pointer 229 show-
ing an increase of decrease of the current ideal respiratory
volumes at each obtaining time t.

[0222] This enables the test subject to adjust a next actual
respiratory time and a next actual respiratory volume after
each obtaining time t such that the next actual respiratory
volume at the next actual respiratory time after each obtaining
time t matches with the ideal respiratory volume at the same
time. This results in an improvement of the accuracy of the
respiratory function tests to be carried out by the respiratory
function test system according to the modification of the third
embodiment.

[0223] The respiratory function test system 1 according to
the first embodiment can be configured not to display the ideal
respiratory-pattern waveform 200 on the display 7A. In this
modification, displaying the guide pointer 205 makes it pos-
sible to guide the respirations of the test subject.

[0224] The respiratory function test system 1 according to
the first embodiment can be configured to selectively display
the ideal respiratory volume at the obtaining time t.

[0225] The respiratory function test system 1 according to
the first embodiment can be configured to display the ideal
respiratory-pattern waveform 200 while deleting the previous
portion of the waveform 200 previous to each obtaining time
t.

[0226] The respiratory function test system 1 according to
the first embodiment can be configured not to display the
trajectory 203.

[0227] The respiratory function test system according to
the third embodiment can be configured to display the first
and second bars 219 and 221 such that the first and second
bars 219 and 221 are aligned vertically.

[0228] At least some of the structures of the respiratory
function test systems according to the first to fourth embodi-
ments can be combined with each other within the scope of
the present disclosure.

[0229] While the illustrative embodiments of the present
disclosure have been described herein, the present disclosure
is not limited to the embodiments described herein, but
includes any and all embodiments having modifications,
omissions, combinations (e.g., of aspects across various
embodiments), adaptations and/or alternations as would be
appreciated by those in the art based on the present disclosure.
The limitations in the claims are to be interpreted broadly
based on the language employed in the claims and not limited
to examples described in the present specification or during
the prosecution of the application, which examples are to be
construed as non-exclusive.

What is claimed is:

1. An apparatus for assisting respirations of a subject in
accordance with a predetermined reference respiration pat-
tern defined as a sequence of reference respirations each
having a reference respiratory volume for the subject, the
apparatus comprising:

arespiration obtaining unit that obtains, at a sampling time,

an actual respiratory volume of the subject based on an
actual respiration of the subject in accordance with the
predetermined reference respiration pattern;
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a storing unit that stores variation of the reference respira-
tory volumes for the subject over time; and

an assisting unit that generates, based on the actual respi-
ratory volume and the variation of the reference respi-
ratory volumes, visual assist information indicative of a
respiratory state of the subject relative to the predeter-
mined reference respiration pattern, and provides the
visual assist information to the subject.

2. The apparatus according to claim 1, wherein the assist-
ing unit comprises a displaying unit that displays, as the
visual assist information, visual information indicative of a
relationship between the actual respiratory volume of the
subject and at least one of:

a current reference respiratory volume determined based
on the variation of the reference respiratory volumes, the
current reference respiratory volume corresponding in
time to the actual respiratory volume of the subject; and

a future reference respiratory volume determined based on
the variation of the reference respiratory volumes, the
future reference respiratory volume corresponding to
future time, the future time being defined after a lapse of
predetermined time from the sampling time.

3. The apparatus according to claim 2, wherein the display-
ing unit displays a graph indicative of the relationship
between the actual respiratory volume and at least one of the
current reference respiratory volume and the future reference
respiratory volume, the graph having a first axis indicative of
time and a second axis indicative of respiratory volume.

4. The apparatus according to claim 2, wherein the graph
includes a waveform of the variation of the reference respi-
ratory volumes over time.

5. The apparatus according to claim 2, wherein the display-
ing unit displays a first graphic object having a variable physi-
cal parameter that represents the actual respiratory volume of
the subject, and a second graphic object having a second
variable physical parameter that represents at least one of the
current reference respiratory volume and the future reference
respiratory volume.

6. The apparatus according to claim 2, wherein the display-
ing unit displays a guide pointer indicating the future refer-
ence respiratory volume.

7. The apparatus according to claim 2, wherein:

the respiration obtaining unit successively obtains the
actual respiratory volume of the subject over time; and

the displaying unit displays, based on the actual respiratory
volumes successively obtained by the respiration obtain-
ing unit, a trajectory of variation of the actual respiratory
volumes over time.

8. The apparatus according to claim 7, wherein the display-
ing unit displays a pointer located at a currently obtained
actual respiratory volume on the trajectory, the pointer having
a direction indicating a direction of the trajectory.

9. The apparatus according to claim 1, wherein the assist-
ing unit generates, based on the actual respiratory volume and
the reference respiratory volumes, at least one of sound infor-
mation and vibration information indicative of the respiratory
state of the subject relative to the predetermined reference
respiration pattern, and provides the at least one of sound
information and vibration information to the subject while
providing the visual assist information to the subject.

10. A respiratory function test system for testing a respira-
tory function of a subject, the respiratory function test system
comprising:
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arespiration obtaining unit that successively obtains actual
respiratory volumes of the subject based on actual res-
pirations of the subject in accordance with a predeter-
mined reference respiration pattern, the predetermined
reference respiration pattern being defined as a sequence
of reference respirations each having a reference respi-
ratory volume for the subject;

a storing unit that stores variation of the reference respira-
tory volumes for the subject;

an assisting unit that generates, based on the actual respi-
ratory volumes successively obtained by the respiration
obtaining unit and the variation of the reference respira-
tory volumes, visual assist information indicative of a
respiratory state of the subject relative to the predeter-
mined reference respiration pattern, and provides the
visual assist information to the subject; and

arespiratory function testing unit that measures, based on
the actual respiratory volumes successively obtained by
the respiration obtaining unit, at least one measurement
item indicative of the respiratory function of the subject.

11. The system according to claim 10, wherein:

the successively obtained actual respiratory volumes
include a current respiratory volume that is currently
obtained at a current time; and

the assisting unit comprises a displaying unit that displays,
as the visual assist information, visual information
indicative of a relationship between the current respira-
tory volume of the subject and at least one of:

a current reference respiratory volume determined based
on the variation of the reference respiratory volumes, the
current reference respiratory volume corresponding in
time to the current respiratory volume of the subject; and

a future reference respiratory volume determined based on
the variation of the reference respiratory volumes, the
future reference respiratory volume corresponding to
future time, the future time being defined after alapse of
predetermined time from the current time.

12. The system according to claim 11, wherein the display-
ing unit displays a graph indicative of the relationship
between the current respiratory volume and at least one of the
current reference respiratory volume and the future reference
respiratory volume, the graph having a first axis indicative of
time and a second axis indicative of respiratory volume.

13. The system according to claim 11, wherein the graph
includes a waveform of variation of the reference respiratory
volumes over time.

14. The system according to claim 11, wherein the display-
ing unit displays a first graphic object having a variable physi-
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cal parameter that represents at least the current respiratory
volume of the subject, and a second graphic object having a
variable physical parameter that represents at least one of the
current reference respiratory volume and the future reference
respiratory volume.

15. The system according to claim 10, further comprising:

an input unit that enters a test item representing the at least

one measurement item, and a subject information
indicative of personal characteristics of the subject; and

a respiratory pattern determining unit that determines one

of a plurality of prepared reference respiration patterns
based on the test item and the subject information
entered by the input unit, the determined one of the
plurality of prepared reference respiration patterns being
defined as the predetermined reference respiration pat-
tern.

16. The system according to claim 11, further comprising:

a deviation calculating unit that calculates a deviation of

the current respiratory volume from the current refer-
ence respiratory volume,

wherein the respiratory function testing unit is capable of:

determining whether the calculated deviation is greater

than a predetermined threshold volume; and

stopping measurement of the at least one measurement

item when it is determined that the calculated deviation
is greater than the predetermined threshold volume.

17. A computer program product for an apparatus that
assists respirations of a subject in accordance with a prede-
termined reference respiration pattern defined as a sequence
of reference respirations each having a reference respiratory
volume for the subject, the computer program product com-
prising:

a non-transitory computer-readable storage medium; and

a set of computer program instructions embedded in the

computer-readable storage medium, the instructions
causing a computer to:

obtain an actual respiratory volume of the subject based on

an actual respiration of the subject in accordance with
the predetermined reference respiration pattern;

store variation of the reference respiratory volumes for the

subject; and

generate, based on the actual respiratory volume and the

variation of the reference respiratory volumes, visual
assist information indicative of a respiratory state of the
subject relative to the predetermined reference respira-
tion pattern; and

provide the visual assist information to the subject.
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