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DESCRIPTION
RESPIRATORY MOVEMENT MEASURING DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a technique for three-dimensional measurement
of an object.

BACKGROUND ART
[0002]

There are very few respiratory movement measurement methods or devices so far
for three-dimensional measurement of an object, particularly for measurement of arespiratory
movement of a subject, where the body of the subject is divided into predetermined regions and
the respiratory movement of each region is measured and evaluated. If anything, examples of
such commonly used devices include a polysomnography device for use in sleep-disordered
breathing diagnosis. Some of the devices are used by placing a band sensor around the chest
and abdomen regions of the subject to measure the respiratory movement of respective regions.
[0003]

Other studiesinclude fiber grating (FG) respiratory movement measurement
where the chest and abdomen regions are automatically divided by straight linesinto a plurality
of regions and the respiratory movement of each region is detected (Patent Literature 4), and
monitoring of the movement of each of a plurality of points on the body of the subject using

motion capture (Patent Literature 2).
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NON PATENT LITERATURE
[0005]
NON PATENT LITERATURE 1: Scientific Research Grant Program (Grant-in-Aid for Scientific
Research) Research Report

Project Number: 22500472 (June 10, 2013)
NON PATENT LITERATURE 2: Isabella Romagnoli et a, "Optoelectronic Plethysmography
has Improved our Knowledge of Respiratory Physiology and Pathophysiology”, Sensors 2008, 8,
pp. 7951-7972
NON PATENT LITERATURE 3: Klemen Povsic et a, "Laser 3-D measuring system and real-
time visual feedback for teaching and correcting breathing”, Journal of Biomedical Optics,
March 2012, Vol 17(3)

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0006]

The typical conventional measurement method using band sensors is inductive
plethysmography (RIP) for detecting a change in inductance due to a change in cross-sectional
area (outer peripheral cross sectional area) in the body, and other measurement methods also
detect a change in outer periphery of the body due to achangein tension. In principle, those
methods cannot evaluate the left and right symmetry of the body. In addition, those
measurement methods cannot be used for a case of alarge deformation of an upper body of the
subject.

[0007]

The method using motion capture requires alarge-scale device configuration and
involves great difficulty for usein clinical practice in terms of ease of application to the subject,
cost, and thelike. In particular, asdisclosed in NON PATENT LITERATURE 2, the method
requires alarge number of markersto be accurately attached to the body and hence has a
problem in practical usein clinical practicein terms of ease of application to the subject, cost,
and thelike. Inaddition, NON PATENT LITERATURE 3 discloses a method of measuring
height distribution of an areato be measured by projecting a plurality of line light beams, but
does not consider the concept of dividing the area to be measured and measuring the respiratory
movement for each divided area.

[0008]

In order to solve such problems, the present invention has been made and an
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object of the present invention is to provide a respiratory movement measurement apparatus that
divides the chest and abdomen regions of a subject into a plurality of regions and acquires a
respiratory movement waveform indicating the amount of movement of each region for the
purpose of understanding the difference between a respiratory movement situation of the subject
and anormal respiratory movement or understanding temporal variations of the respiratory
movement situation of the same subject, and more specifically, adivision method capable of
dividing and setting aregion to be evaluated in a simple manner with good reproducibility as
well as arespiratory movement measurement apparatus using the same.

SOLUTION TO PROBLEM
[0009]

For ease of region setting work for the subject and for determination of divided
regions on a body surface in an anatomically clear manner with good reproducibility, a plurality
of mark positions (merkmal) are set on the body surface of the subject in order to form adividing
line between left and right of the body of the subject and a dividing line between a chest region
and aabdomenregion. A mark made of a material whose reflectance (or absorption rate)
different from that of the body surface with respect to wavelength ranges of alight flux to be
used for observation is provided for each of the plurality of mark positions, thereby to obtain the
image of the subject including the image of the mark. A line obtained by connecting each
position of the mark image on the thus obtained image to be observed is used as aborder line to
divide the image of the subject into a plurality of regions.

[0010]

Thetypical specific example includes arespiratory movement measurement
apparatus wherein the body surface isirradiated with alight flux having a non-uniform intensity
distribution, and atemporal change in height of each portion of the body surface is detected
based on light reflected from the body surface, thereby to obtain arespiratory movement signal
corresponding to a respiratory movement. The respiratory movement measurement apparatus
includes an imaging device that captures the body surface and outputs an image obtained by
observing the body surface, wherein a plurality of merkmal indicating a mark position is set on
the body surface, amark (such as areflector) whose reflectance (or absorption rate) is different
from that of the body surface in a wavelength range of light received by the imaging deviceis
placed on each merkmal, the body surface is divided into a plurality of regions by adividing line
passing through the image of the plurality of marks on the observed image, and the temporal

change in height of each portion is summed or averaged for each divided region, thereby to
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obtain the respiratory movement signal of each of the divided regions.
[0011]

Here, when the temporal change in height at each portion is calculated by each of
the divided regions, the region to which each of the portions belongs is detected by image
processing and using the region information and information about the height at each portion
measured or a change in height thereof, the amount of change for each region is obtained.
[0012]

Preferably, the merkmal includes at |east three points: a point on asternum, a
point near an umbilical region, and a point near a middle point between left and right anterior
superior iliac spines.

[0013]

Preferably, the merkmal includes at |east one point of a position of arib on an
episternum or sternum, an intersection between arib and an axillary line, and an intersection
between arib and amidclavicular line.

[0014]

The respiratory movement signal is obtained by averaging the amount of change
corresponding to atemporal change in height of a plurality of points on the body surface for each
region. Note that the change in height may be a change in height relative to areference height
or may be a change in height for a predetermined time interval.

[0015]

Of the plurality of divided regions, specific adjacent regions are merged to less
than the number of divided regions, and then the respiratory movement signals of the resultant
regions are displayed.

[0016]

The dividing line of each region is set on the observed image by connecting (and
extending) each mark image in a predetermined order.
[0017]

Alternatively, an individual reflectance (or absorption rate) distribution is
assigned to amark alocated to each mark position (merkmal) or the shape or size of the mark is
differentiated so as to easily identify each mark image on the observed image. Based on the
identification, the dividing lineis automatically set by a predetermined rule.

[0018]
For example, the reflector serving as the mark is prepared by arranging

retroreflective elements on the surface and another light source having a wavel ength range to
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which the imaging device substantially has sensitivity may be disposed in a direction near the

direction of the imaging device when viewed from the body surface.

ADVANTAGEOUS EFFECTS OF INVENTION
[0019]

Even in the case of any deformation in the body (particularly backbone) of the
subject, the above configuration alows the mark image at each mark position (merkmal) to be
captured along the deformation of the backbone. These mark positions (merkmal) are placed
on positions visible on the body surface of the subject that the observer can also easily palpate,
and hence a desired dividing line can be obtained with good accuracy and reproducibility.
[0020]

Since the dividing line can be obtained with good reproducibility, the respiratory
movement signal of each region can be obtained based on this. Therefore, mutual comparison
of different regions of a subject and temporal comparison of the same region of the same subject
can be made with good accuracy. Even if adifferent examiner sets and measures the mark, the
same comparabl e results can always be obtained.

[0021]

Note the points on the rib and the sternum, the intersection between the rib and
the axillary line, and the intersection between the rib and the midclavicular line, any of whichis
visible, can be easily palpated, and is clear even in the case of any deformation of the body.
Therefore, based on these positions and the intersections, the desired dividing line can be
obtained with good reproducibility.

[0022]

Therefore, the present invention can easily and effectively set aregion to be
evaluated and compared, and hence facilitates measurement, observation, and comparison for
each region. In particular, amark is placed at a mark position (merkmal) on the body surface,
which clearly indicates at which position on the measured image the region is to be divided, and
hence the region can be divided with good reproducibility. Thus, in the same manner as
described above, the present invention allows measurement, observation, and comparison for
each region as well as temporal comparison in the same region.

[0023]

The use of the respiratory movement measurement apparatus of the present

invention can obtain the respiratory movement signal corresponding to each of the divided

regions, and hence the measurement region of the subject is divided and the respiratory
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movement of each of the divided regions can be suitably measured, evaluated, and compared.
[0024]

Of these divided regions, arespiratory movement in any region is clearly
identified, displayed, and compared, which allows clear comparison and evaluation of the
respiratory movement in a specific portion or region.  Thus, it is expected to provide more

useful datafor diagnosis of respiratory disease and evaluation of rehabilitation effect.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

[FIG 1] FIG lisaschematic view illustrating an example of mark positions on a body surface
of a subject.

[FIG 2] FIG 2isaplan view illustrating an example where images of the mark positions on
the body surface of the subject are connected by straight lines to determine divided regions.
[FIG 3] FIG 3isaschematic view illustrating an entire configuration of arespiratory
movement measurement apparatus according to an embodiment of the present invention.

[FIG 4] FIG 4isaview illustrating an image outputted by a camera according to an
embodiment of the present invention.

[FIG 5] FIG 5isablock diagram of the respiratory movement measurement apparatus
according to an embodiment of the present invention.

[FIG 6] FIG 6isatiming chart illustrating a waveform of arespiratory movement signal
outputted for each divided region according to an embodiment of the present invention.

[FIG 7] FIG 7isaflowchart describing an operation of the respiratory movement
measurement apparatus according to an embodiment of the present invention.

[FIG 8] FIG 8isaplan view illustrating another example of divided regions on the body
surface of a subject different from the subject of the examplein FIG. 2.

[FIG 9] FIG 9isaplanview illustrating another example where the number of mark positions

and divided regions on the body surface is greater than that of the examplein FIG. 1.

DESCRIPTION OF EMBODIMENTS
[0026]
Hereinafter, embodiments of the present invention will be described with
reference to the accompanying drawings.
[0027]

First, FIG. 3 outlines the entire configuration of arespiratory movement
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measurement apparatus according to an embodiment of the present invention. FIG 3isa
schematic view illustrating the entire respiratory movement measurement apparatus to which the
present invention isapplied. A subject 31 lies on abed 33 with abody surface 32 facing
upward. Above the subject 31, there are provided a projector 34 serving as a light source for
irradiating a body surface 32 with alight flux having a non-uniform intensity distribution and a
camera 35 serving as an imaging device for detecting light reflected from the body surface.
Thelight flux, for example, has an intensity distribution having a plurality of intensity peaksin a
two-dimensional array, where a plurality of bright spotsisformed on the body surface 32.

Output image information from the camera 35 is processed by an information processor such as a
PC (persona computer) 36 disposed therenear, and the processed result is displayed on a screen
of adisplay unit of the PC 36. Reference numeral 37 denotes an example of the screen
displaying an image of a plurality of bright spots.

[0028]

FIG 1isaschematic view illustrating positions of marks serving as mark
positions (merkmal) such as reflectors and markers as well as divisions of regions. Examples
of the mark positions (merkmal) include positions of episternum 1, left and right coracoid
process 0 and 2, a point 4 on the sternum at height of the fourth rib, left and right axillaries 3 and
5, the xiphoid process 7, intersections 6 and 8 between |eft and right rib lower portions and the
midclavicular line, the umbilical region 9, amiddle point 11 between left and right anterior
superior iliac spines, and left and right anterior superior iliac spines 10 and 12. Examples of the
marks include things whose reflectance (or absorption rate) is different from that of the body
surface in awavelength range of light received by the imaging device. When areflector or a
marker is used as the mark, the reflector or the marker with a predetermined size is attached to a
mark position (merkmal) of the body surface. Alternatively, as the mark, a coating material
made of amaterial whose reflectance (or absorption rate) is different from that of the body
surface in the wavel ength range of light received by the imaging device may be applied to a
mark position (merkmal) of the body surface so as to form a predetermined size.

[0029]

Here, FIG 2 illustrates the region a defined by line segments connecting mark
positions 0-1-4-3, the region b defined by line segments connecting mark positions 2-1-4-5,
region c defined by line segments connecting mark positions 3-4-7-6, the region d defined by
line segments connecting mark position 5-4-7-8, the region e defined by line segments
connecting mark position 6-7-9-11-10, and the region f defined by line segments connecting
mark position 8-7-9-11-12. Thus, asillustrated in FIG. 6, arespiratory movement signal for



10

15

20

25

30

W7202

each region can be obtained.
[0030]

Note that the line segments connecting from the inside (left-right center line side)
of the body surface to the outside thereof such as a line segment connecting mark positions 7-6, a
line segment connecting mark positions 7-8, aline segment connecting mark positions 11-10,
and aline segment connecting mark positions 11-12 can be appropriately extended toward to the
outside of the body surface so as to expand the respective regions on the body surface toward the
side of the body surface.

[0031]

FIG 5isablock diagram of the respiratory movement measurement apparatus
adopting the present invention. The light flux emitted to the body surface 32 of the subject 31
from the projector 34 serving as the light source has a preset intensity pattern and generates a
two-dimensional bright spot array on the body surface according to the present embodi ment.
The light reflected from the body surface is detected by the camera 35 serving as the imaging
device.

[0032]

At thistime, illumination light for obtaining the images of the marks by the
camera 35 may illuminate the entire room, but in the present embodiment, another light source
38 isdisposed in adirection near the direction of the imaging device, or the camera35, when
viewed from the body surface. Specifically, asillustrated in FIG. 3, the light source 38 is
disposed adjacent to the camera35.  Alternatively, the light source 38 may be made of a
plurality of light sources and the plurality of light sources may be disposed in aring or donut
shape around the front end portion of the camera35. The light source 38 is an incandescent
lamp, adischarge lamp, a fluorescent lamp, or an LED lamp which includes a wavelength range
to which the camera 35 has substantially sensitivity. When amarker whose surface has a
retroreflection function is used as the mark, even theillumination light intensity is low, the
reflected light intensity from the marker in the direction of the camera 35 is higher than in the
other directions, and hence increases contrast to the portion other than the marker. Thus, this
embodiment is effective in detecting the bright spot array as well as the markers clearly
distinguished from other parts of the body surface without being inhibited by illumination of the
light source 38.

[0033]
A signal outputted from the camera 35 is introduced into a mark position detector

51 and aregion information adder 53. Here, the camera 35 includes an imaging element having
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sensitivity to, for example, a wavelength range from visible light to near-infrared light, but in
order to prevent unwanted light from entering as much as possible, and the camera 35 includes a
bandpass filter disposed closer to the object (subject) than the imaging element so as to prevent
light having wavelength ranges outside the wavel ength range of the bright spot array. Thus, the
wavelength range to which the camera 35 has substantially sensitivity becomes a wavel ength
range of light passing through the bandpass filter in the angle of view of the camera35. In
order to prevent the subject from feeling glare and reduce the effect of sunlight, the present
embodiment adopts the near-infrared wavelength range.

[0034]

FIG 4 illustrates an example of signals outputted from the camera 35, or an image
photograph indicating an image outputted by the camera.  In thisimage, alarge white circle
indicates an image of a marker disposed at a mark position (merkmal), and a small white circle
indicates an image of a bright spot.

[0035]

The mark position detector 51 performs gray scaling and smoothing on the signals
outputted from the camera 35 in the same manner as the bright spots, extracts the obtained
smoothed image from the origina image, and then binarize theimage. Then, the binarized
image is subjected to, for example, erosion processing three times and dilation processing three
times, thereby erasing only the bright spots and leaving the images of the mark positions
(merkmal).

[0036]

Then, the mark position detector 51 performs contour extraction and ellipse fitting
on the images at the obtained mark positions (merkmal), searches the obtained ellipse images for
an ellipse image whose long axis and short axis are, for example, nine or more pixels, and
outputs the center position or the position of the center of gravity of the ellipse image as the final
mark position (merkmal).

[0037]

A signal outputted from the mark position detector 51 is introduced into aregion
divider 52, where the body surface is divided into aplurality of regionsin apreset order or by a
method of classification based on the size, shape, or the like of the marker image on the detected
mark position (merkmal) to determine the region dividing line.  In addition, the signal outputted
from the mark position detector 51 is sent to aregion information adder 53.

[0038]

The region information adder 53 classifies bright spot information received from
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the camera 35 for each region using information received from the region divider 52.
Specificaly, the region information adder 53 checks every bright spot to determine to which
region the bright spot belongs and adds identification information (ID) unique to the region.
More specifically, the region information adder 53 checks all bright spots to find the relationship
between a bright spot and aregion contour.  If the bright spot is inside the region, the region
information adder 53 adds the ID unique to the region.

[0039]

A signal outputted from the region information adder 53 is sent to a bright spot
information processor 54. The bright spot information processor 54 cal culates the amount of
movement of each bright spot, sums the amount of movement of all bright spotsincluded in each
region for each region, and determines the respiration rate of each region.

[0040]

The result output device 55 displays the respiration rate of each region, for
example, on ascreen of the PC 36. FIG. 6 isagraph illustrating thus obtained respiratory
movement signal waveforms 41 to 46 for each of the divided regionsatof. InFIG. 6, the
vertical axisindicates values of each respiratory movement, namely, the respiration rate, and the
horizontal axisindicatesthe elapsed time. Note that the horizontal lines in the waveforms 41 to
46 indicate an average reference level. Note also that S represents the most recent amplitude of
thewaveform 41. Asused herein, the term respiration rate refers to an average displacement in
arespiratory movement direction of the body surface of each region dueto respiratory
movement or a change in volume obtained by multiplying this by the area of theregion. Note
that as described above, the above-described displacement may be a displacement from a
position at a predetermined time or from areference position determined from atime average for
a predetermined period of time, or may be a displacement for each predetermined time interva
during movement.

[0041]

In the above embodiment, the mark position detector 51, the region divider 52,
the region information adder 53, the bright spot information processor 54, and the result output
device 55 have been described as hardware, but these functions may be implemented as software
running on the PC 36.

[0042]

FIG 7 isaflowchart example of each function of units51to55in FIG 5
implemented by software.  First, acaptured image is obtained from the camera 35 (step S1),
gray-scaled (step S2), and smoothed (step S2), and further the obtained smoothed imageis
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subtracted from the original image (original image - smoothed image) (step $4), and then
binarized (step S5).  Further, the binarized image is subjected to, for example, erosion
processing three times and dilation processing three times (steps S6 and S7), thereby extracting
the contour of the image of the mark position (merkmal) (step S8). Then, dlipsefittingis
performed on the extracted contour (step S9) to output the image of the mark position (merkmal)
(step S10). Then, theregion dividing line is determined based on the image of the mark
position (merkmal) (step S11), and the corresponding region ID is allocated to each of the bright
spot images obtained from the camera 35 (step S12). Then, the amount of movement of each
bright spot is calculated (step S13), and then the amount of movement of all bright spots
included in the region for each region is summed to determine the respiration rate for each
region, thereby to generate respiratory movement waveforms (respiration rate graph) for each
region (step S14). Note that the gray-scaling (step S2) is not required if the image signa
obtained in step S1 has already been gray scaled. Note also that herethe ID of theregionis
allocated to each bright spot in advance, but another embodiment without allocating the IDs may
be such that each region is searched for a bright spot contained therein, the amount of movement
thereof is calculated, and the amounts are summed within the region, thereby to determine the
respiration rate of each region.

[0043]

Note also that in the above embodiment, the light flux from the projector 34
generates the bright spot array, but another pattern may be adopted instead of the bright spot
array if the pattern is a preset intensity pattern.  For example, alight flux having arandom
pattern or apartial pattern locally different from the other positions is obliquely emitted to the
camera 35, and the reflected light is captured by the camera, thereby to detect the position of the
partial pattern.  In other words, if the partia pattern is different from the pattern of the other
portions, the position of the partia pattern can be determined. Theimage of the partial pattern
can be processed in the same manner as the image of the bright spot, thereby to detect the height
of the position of the partia pattern or the amount corresponding to the changein height. Then,
the results can be summed within the region thereby to calcul ate the respiration rate for each
region. For example, such technique isdisclosed in U.S. application publication No.
2009/0059241.

[0044]

Alternatively, without providing the light flux itself from the projector 34 with a

specific intensity distribution pattern like the bright spot array, each pixel of the imaging el ement

may have a distance detection function based on time-of-flight measurement. More
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specifically, based on the speed of light, light propagation distance (that is, twice the distance to

the object) can be detected by measuring the time from when illumination light is emitted until
the imaging element receives the reflected light.  In this case, the value corresponding to the
height of an individual position on the body surface or to the change in height can be detected
and hence the respiration rate of each region can be calculated by summing these within the
region. For example, such time-of-flight measurement technique is disclosed in "Larry Li,
Time-of-Flight Camera - An Introduction”, Texas Instruments, Technical White Paper,
SLOA1908, January 2014.

[0045]

FIG 8 illustrates an example where region division using the mark positions
(merkmal) is applied to a subject whose body isdeformed. FIG 8isaplan view illustrating
divided regions of a subject different from the subject of the above embodiment. The body
surface can be clearly divided into regions even if the body is deformed.

[0046]

Table 1 lists the average values of the intraclass correlation coefficients for each
region obtained by measuring the respiratory movement waveforms of atotal of thirteen persons:
five healthy persons, three stroke patients, three muscular dystrophy patients, and two cerebral
palsy patients. More specifically, arespiratory movement waveform measurement was
performed once for each of the regions 1 to 6 to measure the amplitude and obtain the intraclass
correlation coefficients thereof (the results shown in ICC (1, 1); and arespiratory movement
waveform measurement was performed ten times for each region to measure the amplitude and
obtain the intraclass correlation coefficients of the average values (the results shown in ICC (1,
10).

[0047]

Table1l Intraclass correlation coefficients for each region for one and ten respirations

ICC (1, 1) 1CC (1, 10)

Region 1 0. 64 0. 947
Region 2 0. 65 0. 949
Region 3 0. 666 0. 952
Region 4 0. 496 0. 908
Region 5 0. 823 0. 979
Region 6 0. 846 0. 982
[0048]

Body deformation was recognized particularly for muscular dystrophy patients

and cerebral palsy patients. The intraclass correlation coefficients ICC (1, 10) of the average
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values of ten times measurements for each of all regions were equal to or greater than 0.9, which
indicates good reproducibility.  This result indicates that the respiratory movement

measurements according to the present invention can be used not only for comparison of asingle

subject but also for mutual comparison between a plurality of subjects.

[0049]

Table 2 lists the results where the same examiner measured the same patient

(subject) once on a different day, and a Bland-Altman anaysis was performed on 5-minute

respiratory movement amplitudes of the measurements.

[0050]
Table2 Study of fixed bias and proportional biasin Bland-Altman analysis
Region 1 [Region 2 |Region 3 |Region4 |Region 5 |Regioné
Datd A -0. 564~ =1, 3232 -0, 445~ -0. 415~ =1, bpi~ L, 71374
0.117 0. 376 0.220 0.279 0. 165 0. 009
Data B | -0.092 0. 085 0.021 -0. 101 -0. 439 ~(). 362
Data C | -0. 307 0. 284 0. 069 -0. 337 ~1. 62 -1. 249
Data D | 2.201 2.201 2. 201 2. 201 2. 201 2. 201

Here, dataA to data D are as follows.

DataA: 95% confidence interval of average of measured value difference
Data B: Correlation coefficient (r) between average and difference

Data C: Vauet in correlation hypothesis testing

Data D: Valuet in freedom degree n-2 and significant level 5%

[0051]

In the measured results listed in Table 2, the 95% confidence interval of average
of measured value difference straddles zero in any region.  In other words, some differences
between the measured values are distributed evenly around O, and the average of the measured
value differencesisinthevicinity of 0. Thus, it isconfirmed that no significant fixed biasis
observed. It isaso confirmed from the correlation analysis that no significant proportional bias
was observed in any region.

[0052]

As described above, it is confirmed that the respiratory movement measurement
apparatus of the present invention can be used to divide the body surface of various disease
patients into regions with good reproducibility and measure the respiratory movement for each

region.
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[0053]

Note that according to the respiratory movement measurement principle adopted
herein, asillustrated in FIG. 3, an infrared beam is divided by a two-dimensional diffraction
grating into a large number of two-dimensionally arrayed light beams which are emitted from the
FG projector 34 to the body surface of the subject 32.  Then, alarge number of bright spots
occurring in atarget region are captured by the video camera 35 and the subject movement is
detected from the movement of each bright spot. In particular, when afiber grating (FG)
element is used as the diffraction grating for measurement, thisis called an FG respiration
monitor (for example, see JP-A 2002-175582 (corresponding to U.S. patent No. 7431700)).
Note that reference numeral 37 denotes an example of the image of the obtained bright spots.
[0054]

When this measurement principle is used, an average movement in aregion can
be detected by summing (averaging) the movements of the bright spots contained in the region to
be detected. An entire average movement can be detected by summing the movements on the
body in the entire region and a movement in aregion can be detected by summing the
movements within the divided region.

[0055]

In the above embodiment, the body surface is divided into six regions and the
respiratory movement of each region isdetected. Thisisjust an example, but the body surface
may be divided into fewer regions such as a chest region and an abdomen region or aright side
of the body and a left side of the body, and the respiratory movement of each region may be
detected. Alternatively, the body surface may be divided into finer regions to measure each
region.

[0056]

For example, in the present embodiment, the respiratory movements can be
compared between the right side of the body and the left side of the body by generating asignal
obtained by adding the amount of movementsin the regions a, ¢, and e, and a signal obtained by
adding the amount of movementsin theregionsb, d, and f.

[0057]

Likewise, the respiratory movements can be compared between the chest side of
the body and the abdomen side of the body by generating a signal obtained by adding the amount
of movementsin theregionsa, b, ¢, and d, and a signal obtained by adding the amount of
movementsin theregionseand f. Thus, any combination of portions can be compared and the

respiratory movement situation in various portions of the body can be measured.
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[0058]

Note that the comparison of individual regions and the comparison of regions
obtained by combining several regions such as the comparison of respiratory movements
between the |eft side and the right side, and the respiratory movements between the chest side
and the abdomen side as described above may include the comparison of movement amplitudes
(respiration rate) and the comparison of periodical respiratory movement phases (timings).

This can clarify bad movement portions and the presence or absence of obstruction. The target
movement of each region can be numerically set for pulmonary rehabilitation.
[0059]

When adividing line is drawn (specified) by connecting each merkmal on the
observed image, the dividing line may be specified by using a pointing device such as a mouse to
draw aline or an extended line connecting each merkmal on the observed image or using the
mouse to point to the vicinity of the mutually connected merkmal.

[0060]

Another embodiment may be such that the vicinity of each merkmal has been
sequentially pointed to in advance by the pointing device, and the association between the
connected merkmal and the pointing sequence is determined and stored, for example, in a
memory in the PC 36, which allows aregion border line to be automatically generated.

[0061]

Alternatively, individual merkmal may be identified on an observed image by
allowing each merkmal to have a specific reflectance for each mark or allowing a specific pattern
to be captured.  In this case, in the same manner as described above, the region border line may
be automatically generated by preliminarily determining which merkmal is connected to each
other. Further, instead of identifying the positional relationship of the individual merkmal by
pointing to the individual merkmal or by identifying the individual merkmal on the observed
image as described above, each merkmal connection may be automatically generated by using a
calculation technique for use in inference and estimation such as a maximum likelihood method,
aleast-sguares method, a genetic algorithm, and a neura network.

[0062]

In the embodiment illustrated in FIG. 1, the positions of the left and right coracoid
process is specified by respective merkmal 0 and 2, but the positions are not limited to this
embodiment. For example, avisible position between from left and right coracoid process to
left and right acromion, for example, "left and right acromion” and "a middle point between | eft

and right coracoid process and acromion” may be specified as merkmal 0 and 2 respectively.
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[0063]

Alternatively, the positions of |eft and right axillary are specified as the merkmal
3 and 5 respectively, but an intersection between any of left and right second rib to tenth rib and
axillary line, for example, "an intersection between left and right third rib and axillary line" may
be specified.

[0064]

Further, the position on the sternum at the height of the fourth rib is specified as
the merkmal 4, but a position on the sternum at the height of any of thefirst rib to seventh rib,
for example, "a position on the sternum at the height of the third rib™ may be specified.

[0065]

The positions of an intersection between left and right rib lower portion and
midclavicular line are specified as the merkmal 6 and 8, but for example, any positionsin arange
of rib lower portions such as "the lowest point of the rib lower portions" may be specified.
[0066]

Asillustrated in FIG. 9, the mark positions (merkmal) include the episternum 1,
any points 0 and 2 from left and right coracoid process to left and right acromion, point 4 on the
sternum at the height of the fourth rib, intersections 13 and 14 between left and right fourth rib
and midclavicular line, intersections 3 and 5 between |eft and right fourth rib and axillary line,
the xiphoid process 7, intersections 15 and 16 between left and right fifth rib and axillary line,
intersections 17 and 18 between left and right sixth rib and midclavicular line, intersections 19
and 20 between left and right eighth rib and axillary line, intersections 21 and 22 between |eft
and right tenth rib and midclavicular line, intersections 6 and 8 between left and right rib lower
portion and axillary line, the umbilical region 9, middle point 11 between left and right anterior
superior iliac spine, and positions 10 and 12 of left and right anterior superior iliac spines. The
above classification can detect the movements of the portions corresponding to upper lobe,
middle lobe, and lower |obe of the lung as well as the portion corresponding to the movement of
the diaphragm, and hence is particularly suitable for evaluation by associating each function with
the corresponding movement.

[0067]

The above description has been focused on the embodiments, but the present
invention is not limited to the embodiments and it is apparent to those skilled in the art that
various changes and modifications may be made within the spirit of the invention and the scope
of the appended claim.
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INDUSTRIAL APPLICABILITY

[0068]

The present invention enables measurement and evaluation of the respiratory

movement by dividing the body surface into predetermined regions although it was difficult for

the prior art to measure the respiratory movement for each region.  The present invention

further enables mutual comparison of different regions of the subject and temporal comparison

of the same region of the same subject with good accuracy. Even if adifferent examiner places

marks for measurement, the same results can always be obtained, and hence the present

invention not only can be used for conventional measurement of the respiration rate but also can

promote the use in a new field such as a quantitative evaluation of rehabilitation effect that was
inhibited before.

REFERENCE SIGNS LIST

[0069]
1

2,0
3,5

4

6,8

7

9

10, 12
11

13, 14
15, 16
17,18
19, 20
21, 22
31

32

33

34

35

36

episternum

any point between from left and right coracoid process to left and right acromion
intersection between left and right fourth rib and axillary line

point on sternum at height of fourth rib

intersection between left and right rib lower portion and axillary line
xiphoid process

umbilical region

point of left and right anterior superior iliac spine

middle point of left and right anterior superior iliac spine
intersection between left and right fourth rib and midclavicular line
intersection between left and right fifth rib and axillary line
intersection between left and right sixth rib and midclavicular line
intersection between left and right eighth rib and axillary line
intersection between left and right tenth rib and midclavicular line
subject

body surface

bed

projector

camera

PC
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51
52
53
54
55
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PC screen

mark position detector

region divider

region information adder

bright spot information processor

result output device
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CLAIMS

[CLAIM 1] A respiratory movement measurement apparatus wherein alight source emits a
light flux to abody surface, atemporal change in height is detected in each of a plurality of
positions on the body surface by light reflected from the body surface, and arespiratory
movement signal corresponding to arespiratory movement is obtained,

the respiratory movement measurement apparatus comprising:

an imaging device that captures the body surface and outputs an observed image
of the body surface;

amark placed on each of aplurality of merkmal indicating a mark position placed
on the body surface, the mark having areflectance different from the refl ectance of the body
surface in awavelength range of light received by the imaging device;

aregion dividing unit that divides the body surface into a plurality of regions on
the observed image outputted from the imaging device based on adividing line passing through
an image of each of the marks; and

aprocessing unit that obtains a respiratory movement signal of each of the
divided regions based on the observed image outputted from the imaging device.
[CLAIM 2]  Therespiratory movement measurement apparatus according to clam 1, wherein
the light source emits alight flux having a non-uniform intensity distribution to the body surface.
[CLAIM 3] Therespiratory movement measurement apparatus according to clam 2, wherein
the merkmal includes at |east three points: a point on a sternum, a point near an umbilical region,
and a point near a middle point between left and right anterior superior iliac spines.
[CLAIM 4] Therespiratory movement measurement apparatus according to claim 2, wherein
the merkmal includes a position of arib on an episternum or sternum, and at least one point of an
intersection between arib and an axillary line and an intersection between arib and a
midclavicular line.
[CLAIM 5]  Therespiratory movement measurement apparatus according to any one of clams
2 to 4, wherein the respiratory movement signal of each of the regionsis obtained by averaging
an amount of change corresponding to a change in height of a plurality of points on the body
surface for each of the regions.
[CLAIM 6] Therespiratory movement measurement apparatus according to any one of clams
2 to 5, wherein the respiratory movement signal is obtained for each of the regions less than the
number of divided regions by merging specific regions of each of the plurality of divided
regions.

[CLAIM 7]  Therespiratory movement measurement apparatus according to any one of clams
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2 to 6, wherein each of the marksis prepared by arranging a retroreflective element on a surface
thereof, and another light source having a wavel ength range to which the imaging device
substantially has sensitivity is disposed in a direction near the direction of the imaging device
when viewed from the body surface.

[CLAIM 8] Therespiratory movement measurement apparatus according to claim 2, wherein
the processing unit detects atemporal change in height at each of aplurality of positions on the
body surface using light reflected from the body surface and obtains the respiratory movement
signal of each of the divided regions based on the detected results.

[CLAIM 9] Therespiratory movement measurement apparatus according to claim 8, wherein
the processing unit allocates specific identification information to which divided region a pattern
image of a position belongs to each of the pattern images of a plurality of positions on the body
surface, cal culates an amount of movement of each pattern image in each of the divided regions
based on the identification information, sums the amount of movement of all pattern images
contained in each region for each of the regions, and thereby determines arespiration rate for
each of the regions.

[CLAIM 10] The respiratory movement measurement apparatus according to claim 2, further
comprising adisplay unit that displays the respiratory movement signal of each region from the

processing unit.



