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(57) ABSTRACT

An optical measuring apparatus includes first and second
light-emitting elements that emit light and a controller. Upon
detection of the presence of a body by light emitted from the
first light-emitting element, the controller performs control
so that the second light-emitting element will emit light with
an amount for measuring the body.
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OPTICAL MEASURING APPARATUS AND
NON-TRANSITORY COMPUTER READABLE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2017-167269 filed Aug. 31, 2017.

BACKGROUND

Technical Field

[0002] The present invention relates to an optical measur-
ing apparatus and a non-transitory computer readable
medium.

SUMMARY

[0003] According to an aspect of the invention, there is
provided an optical measuring apparatus including first and
second light-emitting elements that emit light and a control-
ler. Upon detection of the presence of a body by light emitted
from the first light-emitting element, the controller performs
control so that the second light-emitting element will emit
light with an amount for measuring the body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] An exemplary embodiment of the present inven-
tion will be described in detail based on the following
figures, wherein:

[0005] FIG. 1is a schematic external view of the front side
of an optical measuring apparatus;

[0006] FIG.2is a schematic external view of the back side
of the optical measuring apparatus;

[0007] FIG. 3 illustrates an example of the configuration
of the optical measuring apparatus;

[0008] FIG. 4 illustrates an example of the arrangement of
a light-emitting element and a light-receiving element;
[0009] FIG. 5 shows graphs illustrating an example of a
change in the intensity of light reflected by a body;

[0010] FIG. 6 is a schematic view for explaining the
occurrence of a Doppler shift when light is applied to a
blood vessel;

[0011] FIG. 7 is a schematic view for explaining the
generation of speckles when light is applied to a blood
vessel;

[0012] FIG. 8 is a graph illustrating an example of a
spectral distribution of light reflected by a body;

[0013] FIG. 9 is a graph illustrating an example of a
variation in the blood flow rate;

[0014] FIG. 10 is a graph illustrating a variation in the
amount of light absorbed in a body;

[0015] FIG. 11 is a block diagram illustrating an example
of the configuration of the major parts of the electrical
system of the optical measuring apparatus;

[0016] FIG. 12 is a flowchart illustrating an example of
optical measuring processing;

[0017] FIG. 13 is a timing chart illustrating an example of
a light emission state of each of a laser emitting element and
light-emitting diode (LED) elements according to optical
measuring processing shown in FIG. 12;
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[0018] FIG. 14 is a timing chart illustrating an example of
a light emission state of each of the laser emitting element
and the LED elements according to optical measuring pro-
cessing shown in FIG. 12;

[0019] FIG. 15 is a flowchart illustrating an example of a
modified example of optical measuring processing shown in
FIG. 12;

[0020] FIG. 16 is a flowchart illustrating an example of a
modified example of optical measuring processing shown in
FIG. 12;

[0021] FIG. 17 is a timing chart illustrating an example of
a light emission state of each of the laser emitting element
and the LED elements according to a modified example of
optical measuring processing shown in FIG. 12; and
[0022] FIG. 18 is a flowchart illustrating an example of a
modified example of optical measuring processing shown in
FIG. 12.

DETAILED DESCRIPTION

[0023] An exemplary embodiment of the invention will be
described below in detail with reference to the accompany-
ing drawings. Elements having the same functions are
designated by like reference numeral in the drawings and an
explanation thereof will not be repeated.

Exemplary Embodiment

[0024] FIG. 1 is a schematic external view of an optical
measuring apparatus 10.

[0025] The optical measuring apparatus 10 emits light to
a body and analyzes light reflected by the body so as to
measure various characteristics concerning the body (bio-
logical characteristics). Wristbands 9 are attached to both
ends of the optical measuring apparatus 10 so that a user can
wear the optical measuring apparatus 10 as a watch-type
wearable terminal.

[0026] The optical measuring apparatus 10 also includes a
display device 34, such as a liquid crystal display (LCD) or
an organic electroluminescence (EL) display, and displays
information concerning measured biological characteristics
(biological information). For the sake of convenience, the
surface of the optical measuring apparatus 10 on which the
display device 34 is provided may be called the front side of
the optical measuring apparatus 10.

[0027] FIG. 2 is a schematic external view illustrating an
example of the surface of the optical measuring apparatus 10
that contacts a body. As shown in FIG. 2, on the surface of
the optical measuring apparatus 10 that contacts a body, a
laser emitting element 1, light-emitting diode (LED) ele-
ments 2A and 2B, and a light-receiving element 3 are
disposed.

[0028] The laser emitting element 1 is a light-emitting
element that emits laser light. Laser light is an example of
coherent light that forms coherent light waves in phase with
each other. The laser emitting element 1 may be a surface-
emitting laser element or may be an edge-emitting laser
element. Hereinafter, light in general including laser light
will simply be called light, and if it is necessary to empha-
size that light is laser light, light will be called laser light.
[0029] The LED elements 2A and 2B are light-emitting
elements using LEDs. Instead of LEDs, the LED elements
2A and 2B may use organic light-emitting diodes (OLEDs).
[0030] The light-receiving element 3 receives light emit-
ted from the laser emitting element 1 and the LED elements
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2A and 2B and reflected by an object, and converts the
amount of received light into a physical quantity represent-
ing the magnitude of light. In the exemplary embodiment,
the light-receiving element 3 outputs a voltage in accordance
with the amount of received light. However, the light-
receiving element 3 may alternatively output a current in
accordance with the amount of received light or change the
resistance value.

[0031] The amount of light is a physical quantity that
quantitatively represents light energy per unit time emitted
from a light source. Luminous energy or luminous energy
density, for example, is used as a physical quantity repre-
senting the amount of light. Luminous energy represents a
total amount of luminous flux per unit time emitted from a
light source in all directions. The luminous energy density
represents the amount of luminous flux per unit area and per
unit time emitted from a light source. Luminous energy
represents the intensity of light, and the amount of light may
be called the light intensity.

[0032] The positions of the laser emitting element 1, the
LED elements 2A and 2B, and the light-receiving element 3
shown in FIG. 2 are only examples. The laser emitting
element 1, the LED elements 2A and 2B, and the light-
receiving element 3 may be arranged in any manner if the
light-receiving element 3 is disposed to receive light
reflected by a body irradiated with light from any of the laser
emitting element 1 and the LED elements 2A and 2B.
[0033] If it is not necessary to distinguish the LED ele-
ments 2A and 2B from each other, they will collectively be
called the LED element 2 or the LED elements 2.

[0034] A part of a body to be subjected to measurements
of biological characteristics by the optical measuring appa-
ratus 10 is not restricted to an arm, and may be any part of
the body. The wristbands 9 may not necessarily be attached
to the optical measuring apparatus 10. If a part of the body
other than the arm is subjected to measurements of biologi-
cal characteristics, a suitable mounting tool may be attached
to the optical measuring apparatus 10 in accordance with the
part of the body. For the sake of convenience, the surface of
the optical measuring apparatus 10 that contacts a body may
be called the back side of the optical measuring apparatus
10.

[0035] FIG. 3 illustrates an example of the configuration
of the optical measuring apparatus 10. As shown in FIG. 3,
the optical measuring apparatus 10 includes the laser emit-
ting element 1, the LED elements 2A and 2B, the light-
receiving element 3, a controller 12, a drive circuit 14, an
amplifier circuit 16, an analog-to-digital (A/D) converter
circuit 18, a detector 20, and a measuring unit 22. With the
configuration shown in FIG. 3, the optical measuring appa-
ratus 10 measures a blood flow rate and percutaneous
oxygen saturation (SpO2) (also called arterial blood oxygen
saturation), which are examples of biological information
representing biological characteristics.

[0036] Inresponseto an instruction from the controller 12,
the drive circuit 14 supplies drive power to drive the laser
emitting element 1 and the LED elements 2A and 2B to emit
light or stop emitting light.

[0037] The amplifier circuit 16 amplifies a voltage indi-
cating the intensity of light received by the light-receiving
element 3 to a voltage level included in an input voltage
range of the A/D converter circuit 18.

[0038] The A/D converter circuit 18 receives the voltage
amplified by the amplifier circuit 16, digitizes the intensity
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of light indicated by the voltage, and outputs the digitized
light intensity to the detector 20.

[0039] The detector 20 performs fast Fourier transform
(FFT) on a time change in the digitized light intensity per
predetermined processing time (sampling time), thereby
detecting a frequency distribution (spectral distribution) per
frequency w. The sampling time may be set to be several
milliseconds to several hundreds of milliseconds, for
example. In the exemplary embodiment, the sampling time
is set to be 20 ms. The detector 20 outputs the detected
spectral distribution and the time-series intensity of light
received by the light-receiving element 3 to the measuring
unit 22.

[0040] Inresponse to an instruction from the controller 12,
the measuring unit 22 measures a blood flow rate based on
the spectral distribution detected by the detector 20, and also
measures percutaneous oxygen saturation based on the
intensity of light received by the light-receiving element 3.
The detector 20 and the measuring unit 22 collaboratively
detect a blood flow rate and percutaneous oxygen saturation,
and are thus an example of a detector that detects biological
information.

[0041] The controller 12 receives various instructions
from a user, and also judges from the spectral distribution
detected by the detector 20 whether the light-receiving
element 3 has received light reflected by a blood vessel of a
body. If the controller 12 judges that the light-receiving
element 3 has received light reflected by a blood vessel of a
body, it shifts the operating state of the optical measuring
apparatus 10 from a standby mode to a measuring mode.
More specifically, based on the spectral distribution detected
by the detector 20 and the intensity of light received by the
light-receiving element 3, the controller 12 drives the drive
circuit 14 and the measuring unit 22 to start measuring a
blood flow rate and percutaneous oxygen saturation, and
also shifts the operating state of the optical measuring
apparatus 10 from the standby mode to the measuring mode.
[0042] The standby mode is a state (standby state) in
which neither of a blood flow rate nor percutaneous oxygen
saturation is being measured. The measuring mode is a state
(measuring state) in which at least one of a blood flow rate
and percutaneous oxygen saturation is being measured.
[0043] That is, the standby mode is a state in which the
optical measuring apparatus 10 has not yet shifted to the
measuring mode or a state in which the optical measuring
apparatus 10 has finished measurements. The standby mode
thus refers to a state in which the intensity of light emitted
from the laser emitting element 1 and the LED elements 2
is lower than that in the measuring mode and a state in which
some functions of the optical measuring apparatus 10 are not
functioning. The standby mode also refers to a state in which
the optical measuring apparatus 10 is making preparations
for shifting to the measuring state, such as a state in which
the presence of a body is being detected. Such a state will be
called a preparatory measuring state.

[0044] In contrast, the measuring mode is a mode in which
biological characteristics are being measured for informing
auser of measurement results. The measuring mode does not
include the above-described preparatory measuring state.
[0045] The measuring principle of a blood flow rate in the
optical measuring apparatus 10 will be discussed below. The
measuring principle will be explained, assuming that the
laser emitting element 1 is used to measure a blood flow rate.
However, the LED element 2 may alternatively be used to
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measure a blood flow rate based on the same principle. The
flow rate of blood flowing through a blood vessel may be
measured by either one of light passing through the blood
vessel and light reflected by the blood vessel, based on the
same principle. A description will be given of a case in
which a blood flow rate is measured by using light reflected
by a blood vessel.

[0046] FIG. 4 is a schematic view for explaining a state in
which the back side of the optical measuring apparatus 10 is
brought into contact with a body 8. In this state, the laser
emitting element 1 and the light-receiving element 3 are
disposed side by side on the surface of the body 8. The
light-receiving element 3 receives light emitted from the
laser emitting element 1 and reflected by a blood vessel 6 of
the body 8.

[0047] FIG. 5 shows graphs illustrating an example of the
intensity of light reflected by the blood vessel 6 irradiated
with light emitted from the laser emitting element 1 and
received by the light-receiving element 3. In a graph on the
upper section of FIG. 5, the horizontal axis indicates the
time, and the vertical axis indicates output from the light-
receiving element 3, that is, the intensity of light received by
the light-receiving element 3. The intensity of light received
by the light-receiving element 3 may simply be called the
light intensity.

[0048] As shown in FIG. 5, the light intensity changes
over time. This may be caused by the influence of three
optical phenomena resulting from the irradiation of the body
8 including the blood vessel 6.

[0049] A first optical phenomenon is a variation in light
absorption in the blood vessel 6. The volume of blood in the
blood vessel 6 is changing because of pulsation. This may
vary light absorption in the blood vessel 6. Blood contains
blood cells, such as red blood cells, and blood cells move
within the blood vessel 6 such as a blood capillary. Changing
of the blood volume may increase or decrease blood cells
moving within the blood vessel 6. This may influence the
intensity of light received by the light-receiving element 3.

[0050] A second optical phenomenon is the occurrence of
a Doppler shift.

[0051] As shown in FIG. 6, when coherent light 40, such
as laser light, having a frequency wy is applied from the laser
emitting element 1 to a region including the blood vessel 6,
it is scattered by blood cells moving within the blood vessel
6. At this time, a Doppler shift having a difference frequency
Aw,, which is determined by the moving velocity of the
blood cells, occurs in scattered light 42 generated as a result
of the laser light being scattered by the blood cells. In
contrast, the frequency of scattered light 42 generated as a
result of the laser light being scattered by tissue (stationary
tissue) such as the skin, which does not contain moving
elements such as blood cells, is maintained at the same
frequency as the frequency w, of the laser light. The fre-
quency wo+Awm, of the laser light scattered by the blood
vessel 6 and the frequency w, of the laser light scattered by
the stationary tissue interfere with each other. A beat signal
having a difference frequency A, is thus observed at the
light-receiving element 3. As a result, the intensity of light
received by the light-receiving element 3 changes over time.
The difference frequency Am, of the beat signal is deter-
mined by the moving velocity of the blood cells, and is
contained in a range at a maximum of several dozens of
kilohertz.
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[0052] A third optical phenomenon is the generation of
speckles.
[0053] As shown in FIG. 7, coherent light 40 such as laser

light is applied to blood cells 7, such as red blood cells,
moving within the blood vessel 6 in a direction indicated by
an arrow 44. Then, the coherent light 40 strikes the blood
cells 7 and is scattered in various directions. The scattered
light waves are out of phase with each other and thus
randomly interfere with each other. Because of the random
interference of light waves, random speckles are observed in
the resulting light intensity distribution. Such a light inten-
sity distribution pattern is called a speckle pattern.

[0054] The blood cells 7 move within the blood vessel 6.
Thus, the scattering state of light striking the blood cells 7
varies over time, and the speckle pattern also varies over
time. As a result, the intensity of light received by the
light-receiving element 3 changes over time.

[0055] When the light-receiving element 3 has received
light having intensity which changes over time, the follow-
ing processing is executed on data indicating the light
intensity. A portion of data in a range of predetermined a unit
time T, is extracted, and FFT processing, for example, is
executed on the extracted portion of data, thereby obtaining
a spectral distribution per frequency w. FIG. 8 is a graph
illustrating an example of a spectral distribution 82 per
frequency w within the time unit T, of light reflected by the
blood vessel 6. In the graph of FIG. 8, the horizontal axis
indicates the frequency w, and the vertical axis indicates the
magnitude of frequency components, that is, the spectral
intensity, with respect to the frequency w. The spectral
distribution 82 of light reflected by the blood vessel 6 is 0
hertz to several dozens of kilohertz, and more specifically, in
a range of 0 Hz to about 20 kHz.

[0056] The blood volume is proportional to a value
obtained by standardizing the area of a hatched portion 84 by
the total amount of light. The hatched portion 84 is a portion
surrounded by the spectral distribution 82 and the horizontal
and vertical axes. The velocity of blood flowing through the
blood vessel 6 (blood flow velocity) is proportional to the
frequency average of the spectral distribution 82. That is, the
blood flow velocity is proportional to a value calculated as
follows. The product of the frequency w and the spectral
intensity at the frequency w is integrated with respect to the
frequency w. The resulting integrated value is then divided
by the area of the hatched portion 84. The blood flow
velocity is proportional to the resulting divided value.

[0057] The blood flow rate is expressed by the product of
the blood volume and the blood flow velocity, and is thus
calculated from these two elements.

[0058] FIG. 9 is a graph illustrating an example of a
variation in the blood flow rate measured as described above
per unit time T,. In the graph of FIG. 9, the horizontal axis
indicates the time, and the vertical axis indicates the blood
flow rate.

[0059] As shown in FIG. 9, the blood flow rate varies over
time. The pattern of a variation in the blood flow rate can be
divided into two types. For example, a range of a variation
90 in the blood flow rate during an interval T, is greater than
that of a variation 88 during an interval T,. The reason for
this may be that, while a variation in the blood flow rate
during the interval T, is caused principally by pulsation, a
variation in the blood flow rate during the interval T, is
caused by vascular congestion, for example.
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[0060] The measuring principle of percutaneous oxygen
saturation in the optical measuring apparatus 10 will be
discussed below. The measuring principle will be explained,
assuming that the LED elements 2A and 2B are used to
measure the percutaneous oxygen saturation. However, the
LED element 2 and the laser emitting element 1 or plural
laser emitting elements 1 may alternatively be used to
measure the percutaneous oxygen saturation, based on the
same principle.

[0061] The percutaneous oxygen saturation is an index for
representing how much of hemoglobin contained in blood is
bound to oxygen. As the percutaneous oxygen saturation is
lower, a symptom, such as anemia, is more likely to occur.
[0062] FIG. 10 is a conceptual diagram illustrating a
variation in the amount of light absorbed in the body 8,
which may also be called the amount of light absorption. As
shown in FIG. 10, the amount of light absorbed in the body
8 is likely to change over time.

[0063] Thebreakdown ofa variation in the amount of light
absorption illustrated in FIG. 10 shows that a variation in the
amount of light absorption occurs principally by an artery,
while that by a vein and other tissues including stationary
tissue is almost negligible. The reason for this is as follows.
Blood pumped out from a heart moves through an artery
with pulse waves, and thus, the artery expands and contracts
in a cross section over time, and the thickness of the artery
changes accordingly. In FIG. 10, a range indicated by an
arrow 94 is a variation in the amount of light absorption
according to a change in the thickness of the artery.
[0064] If the light intensity at time t, in FIG. 10 is
indicated by I, and that at time t, in FIG. 10 is indicated by
I,, a variation AA in the amount of light absorption due to
a change in the thickness of the artery is expressed by
equation (1).

Ad=In(I/L,) o)

[0065] Hemoglobin in blood flowing through an artery
bound to oxygen (oxyhemoglobin) is known to be likely to
absorb infrared (IR) light, while hemoglobin which is not
bound to oxygen (deoxyhemoglobin) is known to be likely
to absorb red light. It is also known that the percutaneous
oxygen saturation is proportional to the ratio of a variation
AA in the amount of light absorption with respect to a certain
wavelength to that with respect to another wavelength.
[0066] IfIR light and red light are used, a difference in the
amount of light absorption between oxyhemoglobin and
deoxyhemoglobin is likely to be larger than that when a
combination of other light wavelengths is used. By using IR
light and red light, the ratio of a variation AA,_, in the
amount of light absorption in the body 8 irradiated with red
light to a variation AA, in the amount of light absorption in
the body 8 irradiated with IR light is calculated. The
percutaneous oxygen saturation S is calculated by equation
2

S=k (Adp./AR) @

where k is a proportionality constant.

[0067] In calculating the percutaneous oxygen saturation,
light emission periods of the LED elements 2A and 2B
which emit different wavelengths of light may overlap each
other. More specifically, the light emission period of the
LED element 2A which emits red light and that of the LED
element 2B which emits IR light may overlap each other. It
is more desirable, however, that the two light emission
periods do not overlap. The light-receiving element 3
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receives light reflected by the body 8 irradiated with red light
from the LED element 2A and that irradiated with IR light
from the LED element 2B. Based on the intensity of light
received by the light-receiving element 3 at one time point
and that at another time point, equations (1) and (2) or
known equations deformed from equations (1) and (2) are
calculated, so that the percutaneous oxygen saturation can
be measured.

[0068] For example, equation (1) may be expanded to
equation (3) to express a variation AA in the amount of light
absorption.

A=Inl,~Inl, 3
[0069]
Ad=In(I/L)=In(1+(I,~L)/L,) @

[0070] Usually, (I,-1,)<<I,, and thus, In (I,/1,)=(I,-1,)1,
is established. Accordingly, instead of equation (1), equation
(5) may be used.

Equation (1) may be deformed into equation (4).

Ad~(T,-L )/, ®)

[0071] The configuration of the major parts of the electri-
cal system of the optical measuring apparatus 10 will be
described below with reference to FIG. 11.

[0072] As shown in FIG. 11, the controller 12, the detector
20, and the measuring unit 22 of the optical measuring
apparatus 10 are constituted by a computer 30. The com-
puter 30 includes a central processing unit (CPU) 304, a
read only memory (ROM) 30B, a random access memory
(RAM) 30C, a non-volatile memory 30D, and an input/
output interface (I/O) 30E. The CPU 30A, the ROM 30B, the
RAM 30C, the non-volatile memory 30D, and the I/O 30E
are connected to one another via a bus 30F.

[0073] The drive circuit 14, the A/D converter circuit 18,
the display device 34, an input device 35, a communication
device 37, and a motion sensor 38 are connected to the I/O
30E. The laser emitting element 1 and the LED elements 2A
and 2B are connected to the drive circuit 14. The light-
receiving element 3 is connected to the A/D converter circuit
18 via the amplifier circuit 16. The CPU 30A is an example
of a detector and a controller.

[0074] The display device 34 is a display that visually
supply information concerning the start and the end of
measurements of biological information and measured bio-
logical information, such as measurement results, to a user.
The display device 34 may be constituted by light-emitting
elements, such as LEDs, and biological information may be
supplied to a user by changing the number, configuration,
and color of LEDs to be turned ON.

[0075] The input device 35 is an example of a receiver that
receives an instruction from a user for the optical measuring
apparatus 10. Buttons and a touchscreen, for example, are
used for the input device 35. In the example of the optical
measuring apparatus 10 shown in FIG. 1, a touchscreen is
superposed on the display device 34 and receives an instruc-
tion from a user. A microphone which converts a voice
instruction from a user to an electric signal is also an
example of the input device 35.

[0076] The communication device 37 has a communica-
tion protocol so as connect to a communication network,
such as the Internet, and to send and receive data to and from
an external device connected to the communication network.
The optical measuring apparatus 10 sends measured bio-
logical information to an external device or receives an
instruction from an external device via the communication
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device 37. The communication network connected to the
communication device 37 may be either one of a wired
medium and a wireless medium.

[0077] The motion sensor 38 is a sensor which detects
physical motion (physical operation) in the optical measur-
ing apparatus 10, and may be an acceleration sensor or a
gyroscope.

[0078] The devices connected to the I/O 30E shown in
FIG. 11 are only examples. Another device may be con-
nected to the /O 30E. For example, a speaker which
supplies information concerning the start and the end of
measurements of biological information and measured bio-
logical information to a user in sound may be connected to
the I/O 30E.

[0079] It is assumed, for example, that the center wave-
length of light emitted from the LED element 2A is a
wavelength contained in the red light region, and the center
wavelength of light emitted from the LED element 2B is a
wavelength contained in the IR light region. As discussed
above, oxyhemoglobin is more likely to absorb IR light,
while deoxyhemoglobin is more likely to absorb red light.
Thus, by setting the center wavelength of light emitted from
the LED element 2A to be contained in the red light region
and that emitted from the LED element 2B to be contained
in the IR light region, the precision in measuring the
percutaneous oxygen saturation is improved to a higher level
than when plural LED elements which emit light having the
same center wavelength are used.

[0080] The center wavelength of light emitted from the
laser emitting element 1 is set to be about 850 nm. However,
this is only an example, and the center wavelength of the
laser emitting element 1 may be set to be a different value.

[0081] The operation of the optical measuring apparatus
10 will be described below. FIG. 12 is a flowchart illustrat-
ing an example of optical measuring processing executed by
the CPU 30A when the optical measuring apparatus 10 is
powered ON.

[0082] An optical measuring program for executing opti-
cal measuring processing is stored in the ROM 30B. When
the optical measuring apparatus 10 is powered ON, the CPU
30A reads the optical measuring program from the ROM
30B and executes it. It is assumed that, at the start of
executing the optical measuring program, none of the laser
emitting element 1 and the LED elements 2A and 2B emit
light. It is also assumed that the amount of light for mea-
suring a body (luminous flux L., ) to be emitted from the
laser emitting element 1 in the measuring mode is set to be
larger than that (luminous flux [,,) to be emitted from the
LED elements 2A and 2B in the measuring mode.

[0083] In step S10, the CPU 30A obtains an output value
of the motion sensor 38 and judges whether physical motion
has been detected in the optical measuring apparatus 10.
More specifically, if the output value of the motion sensor 38
is equal to or higher than a motion threshold, the CPU 30A
judges that physical motion has been detected in the optical
measuring apparatus 10. The motion threshold may be found
by experiment using an actual product of the optical mea-
suring apparatus 10 or by computer simulations based on the
design specifications of the optical measuring apparatus 10,
and may be stored in the non-volatile memory 30D.

[0084] Ifthe resultofstep S10is NO, it is likely that a user
has not touched the optical measuring apparatus 10. The
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CPU 30A thus repeats step S10 to monitor the output value
of the motion sensor 38 until the user touches the optical
measuring apparatus 10.

[0085] If the result of step S10 is YES, it is likely that the
user has held the optical measuring apparatus 10 and is
starting to wear it. The CPU 30A then determines that the
user is starting to measure biological information and then
proceeds to step S20. That is, the user does not actually have
to provide an instruction to measure biological information,
and instead, the user merely holds the optical measuring
apparatus 10, and then, preparations for measuring biologi-
cal information are automatically started.

[0086] In step S10, the CPU 30A detects physical motion
in the optical measuring apparatus 10 to judge whether an
instruction to start measuring biological information has
been provided. Instead of executing step S10, upon receiv-
ing an instruction to start measuring biological information
from a user via the input device 35, the CPU 30A may
proceed to step S20. Even if physical motion is detected in
the optical measuring apparatus 10, it is possible that the
user has simply moved the optical measuring apparatus 10
without intending to measure biological information. By
receiving an instruction to start measuring biological infor-
mation from a user, preparations for measurements can be
started at a more precise timing.

[0087] Instead of executing step S10, after the optical
measuring apparatus 10 is powered ON, step S20 may be
executed at a predetermined interval (ten minutes, for
example). In this case, the motion sensor 38 is not necessary,
and the cost of the optical measuring apparatus 10 can be
reduced.

[0088] Instep S20, the CPU 30A controls the drive circuit
14 so that the one of the LED elements 2A and 2B will emit
light in a predetermined cycle. Causing only one of the LED
elements 2A and 2B to emit light can reduce power con-
sumed in the optical measuring apparatus 10 in the standby
mode, compared with when both of the LED elements 2A
and 2B emit light. The following description will be given,
assuming that the LED element 2A is driven to emit light.
[0089] The drive circuit 14 drives the LED element 2A to
emit light with a light emission pattern in a 200 ms cycle in
which the LED element 2A emits light for 20 ms and stops
emitting light for 180 ms. However, this light emission
pattern is only an example. The drive circuit 14 may drive
the LED element 2A to emit light with another light emis-
sion pattern.

[0090] As discussed above, the amount of light is a
physical quantity represented by the product of luminous
flux and a time. Even if luminous flux of light emitted from
the LED element 2A is fixed at the same value, the amount
of light becomes different by changing the light emission
pattern of the LED element 2A. For the sake of description,
the light emission patterns of the laser emitting element 1
and the LED elements 2A and 2B are set to be the same
pattern, and luminous flux of light emitted from each of the
laser emitting element 1 and the LED element 2 is adjusted,
thereby controlling the amount of light emitted from each of
the laser emitting element 1 and the LED element 2.
However, luminous flux of light emitted from the laser
emitting element 1 and the LED elements 2A and 2B may be
set to be the same, and the light emission patterns of the laser
emitting element 1 and the LED element 2 may be adjusted
so as to control the amount of light emitted from each of the
laser emitting element 1 and the LED element 2. Alterna-
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tively, by adjusting luminous flux of light emitted from each
of the laser emitting element 1 and the LED elements 2A and
2B and the light emission patterns thereof, the amount of
light emitted from each of the laser emitting element 1 and
the LED elements 2A and 2B may be controlled.

[0091] Luminous flux of light emitted from the LED
element 2A in step S20 is adjusted to luminous flux L,,
corresponding to the amount of light for detecting a body
and is restricted to be less than luminous flux L, ,. Luminous
flux L,, corresponds to the amount of light for measuring a
body emitted from the LED element 2A in the measuring
mode.

[0092] Driving the LED element 2A to emit light refers to,
not only that luminous flux of light emitted from the LED
element 2A is raised from 0 lumens to a value exceeding 0
lumens, but also that luminous flux L, exceeding 0 lumens
is raised to luminous flux L, (L,<L,). This concept of light
emission also applies to the driving of the laser emitting
element 1.

[0093] In step S30, the CPU 30A obtains the intensity of
light received by the light-receiving element 3 for a prede-
termined body detection period (ten seconds, for example)
from the A/D converter circuit 18. Based on the character-
istics of the intensity of light received by the light-receiving
element 3, the CPU 30A determines whether the body 8 has
been detected. As expressed in equation (1), a variation AA
in the amount of light absorption varies due to a change in
the thickness of an artery. If a time change in the intensity
of light received by the light-receiving element 3 indicates
a time change in pulse waves, the CPU 30A determines that
the body 8 has been detected.

[0094] Ifthe body 8 has not been detected during the body
detection period, various situations may be considered. For
example, the user may still be trying to wear the optical
measuring apparatus 10 on the arm or may have placed the
optical measuring apparatus 10 on a desk without wearing it.
[0095] The CPU 30A thus proceeds to step S100 to
execute the same processing as step S10 to judge whether
physical motion has been detected in the optical measuring
apparatus 10. If physical motion has been detected, the user
may still be holding the optical measuring apparatus 10 in
hand and trying to wear it on the arm. The CPU 30A thus
proceeds to step S30 to judge again whether the body 8 has
been detected.

[0096] If physical motion has not been detected in step
S100, the user may have held the optical measuring appa-
ratus 10 but placed it on a desk without wearing it. The CPU
30A thus proceeds to step S110.

[0097] Instep S110, the CPU 30A causes the LED element
2A to stop emitting light because light from the optical
measuring apparatus 10 may be applied to objects other than
the user. This can reduce the possibility that someone other
than the user will accidentally be irradiated with light from
the optical measuring apparatus 10. Then, the CPU 30A
returns to step S10 to monitor the output value of the motion
sensor 38.

[0098] 1In step S110, instead of causing the LED element
2A to stop emitting light, the amount of light emitted from
the LED element 2A may be reduced to such a degree not to
make people uncomfortable. Such a reduced amount of light
may also be called a standby light amount.

[0099] If the body 8 has been detected during the body
detection period in step S30, the CPU 30A proceeds to step
S40.
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[0100] 1Instep S40, the CPU 30A controls the drive circuit
14 so that the laser emitting element 1 will emit light with
a predetermined light emission pattern. In this case, lumi-
nous flux of light emitted from the laser emitting element 1
is adjusted to luminous flux L, , corresponding to the amount
of light for detecting a body and is restricted to be less than
luminous flux L, ,. Luminous [, , corresponds to the amount
of light for measuring a body emitted from the laser emitting
element 1 in the measuring mode. The CPU 30A adjusts the
phase of the light emission pattern of the laser emitting
element 1 and that of the LED element 2A, that is, the start
timing of light emission of the laser emitting element 1 and
that of the LED element 2A, so that the light emission period
of the laser emitting element 1 and that of the LED element
2A will not overlap each other.

[0101] In step S50, based on light emitted from the laser
emitting element 1 and received by the light-receiving
element 3, the CPU 30A judges whether the body 8 has been
detected.

[0102] More specifically, the CPU 30A executes FFT
processing on a time change in the intensity of light emitted
from the laser emitting element 1 digitized by the A/D
converter circuit 18, thereby detecting a spectral intensity
per frequency w as the spectral distribution 82. The CPU
30A then judges whether the spectral intensity at a prede-
termined frequency (reference frequency) exceeds a prede-
termined threshold, which is preset as a value obtained when
light is applied from the laser emitting element 1 to the body
8. If the spectral intensity at the reference frequency exceeds
the predetermined threshold, the CPU 30A determines that
the body 8 has been detected.

[0103] The light emission pattern of the laser emitting
element 1 and that of the LED element 2A are made out of
phase with each other in step S40, so that the interference of
light from the laser emitting element 1 and that from the
LED element 2A can be reduced. This enhances the preci-
sion in detecting the body 8 by using light from the laser
emitting element 1.

[0104] Ifitis found in step S50 that the body 8 has been
detected, the CPU 30A proceeds to step S60.

[0105] As the body 8 has been detected by light from the
LED element 2A and that from the laser emitting element 1,
it is most probably that the user has worn the optical
measuring apparatus 10 on the arm. In step S60, the CPU
30A thus shifts the optical measuring apparatus 10 from the
standby mode to the measuring mode to measure a blood
flow rate and percutaneous oxygen saturation of the user.

[0106] More specifically, the CPU 30A controls the drive
circuit 14 so that luminous flux of light emitted from the
LED element 2A will be raised from L,, to L,,, (L,,<L,,),
that is, the amount of light emitted from the LED element 2A
for detecting a body will be raised to that for measuring a
body. The CPU 30A also controls the drive circuit 14 so that
luminous flux of light emitted from the laser emitting
element 1 will be raised from L, to L;, (L,,<L,,) , that is,
the amount of light emitted from the laser emitting element
1 for detecting a body will be raised to that for measuring a
body. The CPU 30A also controls the drive circuit 14 so that
the LED element 2B will emit light with an amount for
measuring a body. Luminous flux of light emitted from the
LED element 2B is set to be [,,, which is the same as that
from the LED element 2A. However, luminous flux of the
LED element 2B may be other than L, ,.
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[0107] The CPU 30A adjusts the phase of the light emis-
sion pattern so that the light emission period of the LED
element 2B will not overlap each of that of the laser emitting
element 1 and that of the LED element 2A. This can reduce
the interference of light from the laser emitting element 1,
that from the LED element 2A, and that from the LED
element 2B, thereby enhancing the precision in measuring
biological information.

[0108] The CPU 30A executes FFT processing on a time
change in the intensity of light emitted from the laser
emitting element 1 digitized by the A/D converter circuit 18,
thereby detecting the spectral distribution 82 per frequency
w. By using the spectral distribution 82, the CPU 30A
calculates the blood volume and the blood flow velocity
according to the above-described method, and then finds the
blood flow rate from the product of the blood volume and the
blood flow velocity. The CPU 30A stores the measurement
results in the RAM 30C, for example.

[0109] The CPU 30A then calculates the percutaneous
oxygen saturation S according to equations (1) and (2) by
using the intensity of light received by the light-receiving
element 3 for the light emission period of the LED element
2A and that for the light emission period of the LED element
2B.

[0110] In step S70, the CPU 30A displays on the display
device 34 the blood flow rate and percutancous oxygen
saturation of the user measured in step S60 in a form that is
recognizable by the user, such as in numeric values, graphs,
or characters. In addition to displaying the measurement
results on the display device 34, the CPU 30A may also send
the measurement results via the communication device 37 to
an external device connected to a communication network
and display and store the measurement results on the exter-
nal device.

[0111] The CPU 30A has finished measuring the blood
flow rate and percutaneous oxygen saturation. In step S80,
the CPU 30A thus controls the drive circuit 14 so that the
LED elements 2A and 2B will stop emitting light.

[0112] In step S90, the CPU 30A controls the drive circuit
14 so that the laser emitting element 1 will stop emitting
light. In this case, no restriction is imposed on which one of
the laser emitting element 1 and the LED element 2 stops
emitting light first. The laser emitting element 1 may stop
emitting light first, and then, the LED element 2 may stop
emitting light.

[0113] The optical measuring apparatus 10 is then
switched from the measuring mode to the standby mode to
complete optical measuring processing shown in FIG. 12.
[0114] If the result of step S50 is NO, that is, if the body
8 has not been detected by laser light, the CPU 30A proceeds
to step S120.

[0115] Even when the body 8 has been detected by light
emitted from the LED element 2A in step S30, if the body
8 has not been detected by light emitted from the laser
emitting element 1, it is possible that an error has occurred
in detecting the body 8 by using light emitted from the LED
element 2. Even if biological information is measured in a
state in which it is not known whether the user has worn the
optical measuring apparatus 10 on the arm, correct mea-
surement results may not been obtained, thereby discontinu-
ing measuring biological information.

[0116] In step S120, the CPU 30A controls the drive
circuit 14 so that the LED elements 2A and 2B will stop
emitting light.
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[0117] In step S130, the CPU 30A controls the drive
circuit 14 so that the laser emitting element 1 will stop
emitting light. In this case, no restriction is imposed on
which one of the laser emitting element 1 and the LED
element 2 stops emitting light first. The laser emitting
element 1 may stop emitting light first, and then, the LED
element 2 may stop emitting light.

[0118] In step S140. the CPU 30A issues a warning to
inform the user of a failure to detect the body 8. In this case,
a warning may be issued in any manner. For example, a
warning message may be displayed on the display device 34.
If the optical measuring apparatus 10 has a speaker, a
warning may be issued as sound. If the optical measuring
apparatus 10 has a vibrator that vibrates based on a voltage,
a warning may be issued as vibration.

[0119] After step S140, the optical measuring apparatus 10
is switched from the measuring mode to the standby mode
to complete optical measuring processing shown in FIG. 12.
[0120] FIG. 13 is a timing chart illustrating an example of
a light emission state of each of the laser emitting element
1 and the LED elements 2A and 2B in a case in which the
body 8 has been detected in step S50 in FIG. 12. In the
timing chart of FIG. 13, the vertical axis indicates the
luminous flux, while the horizontal axis indicates the time.
At time t,, the optical measuring apparatus 10 is powered
ON. At time t;, physical motion is detected in the optical
measuring apparatus 10. At time t,, the body 8 is detected by
light emitted from the LED element 2A. At time t;, the body
8 is detected by light emitted from the laser emitting element
1. At time t,, measuring of biological information is finished.
[0121] Inthe standby mode, instead of causing both of the
LED elements 2A and 2B to emit light, the CPU 30A causes
one of the LED elements 2A and 2B to emit light to detect
the body 8. It is thus possible to reduce the amount of light
accidentally applied to objects other than the user from the
optical measuring apparatus 10 in the standby mode, com-
pared with a case in which both of the LED elements 2A and
2B are caused to emit light with luminous flux L,,.

[0122] After detecting the body 8 by using light from the
LED element 2A, the optical measuring apparatus 10 causes
the laser emitting element 1 to emit light. It is thus possible
to reduce the amount of light accidentally applied to objects
other than the user from the optical measuring apparatus 10
in the standby mode, compared with a case in which both of
the laser emitting element 1 and the LED element 2A are
caused to emit light after physical motion has been detected
in the optical measuring apparatus 10.

[0123] In the standby mode after biological information
has been measured, all of the laser emitting element 1 and
the LED elements 2A and 2B stop emitting light. Hence,
after biological information has been measured, when the
user removes the optical measuring apparatus 10 from the
arm, light is not applied from the optical measuring appa-
ratus 10 to any objects including the user.

[0124] FIG. 14 is a timing chart illustrating a light emis-
sion state of each of the laser emitting element 1 and the
LED elements 2A and 2B in a case in which the body 8 has
not been detected in step S50 in FIG. 12. At time t,, it is
found that the body 8 has not been detected by light emitted
from the laser emitting element 1.

[0125] In this case, the optical measuring apparatus 10
terminates optical measuring processing without changing
the amounts of light emitted from the laser emitting element
1 and the LED elements 2 to those for measuring a body.
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When the body 8 has not been detected by light from the
laser emitting element 1, the laser emitting element 1 and the
LED element 2A are caused to stop emitting light, and thus,
light is not applied to any objects including the user from the
optical measuring apparatus 10.

[0126] Various modifications may be made to optical
measuring processing shown in FIG. 12. Modified examples
of optical measuring processing will be discussed below.

First Modified Example

[0127] In optical measuring processing shown in FIG. 12,
the LED element 2A is caused to emit light in step S20.
However, both of the LED elements 2A and 2B may be
caused to emit light with an amount for detecting a body in
step S20.

[0128] In this case, in step S30, the CPU 30A provision-
ally calculates percutaneous oxygen saturation according to
equations (1) and (2) by using the intensity of light emitted
from the LED element 2A and received by the light-
receiving element 3 and that from the LED element 2B and
received by the light-receiving element 3. If the calculated
percutaneous oxygen saturation is contained within a normal
range of percutaneous oxygen saturation of a body, the CPU
30A determines that the body 8 has been detected. Then, in
step S60, the CPU 30A causes the LED elements 2A and 2B
to emit light with an amount for measuring a body to
measure percutaneous oxygen saturation. By raising the
amount of light emitted from the LED elements 2A and 2B
to that for measuring a body, percutaneous oxygen saturation
can be measured with a higher precision than in a case in
which it is measured with an amount of light for detecting
a body.

Second Modified Example

[0129] Inthe above-described exemplary embodiment, the
optical measuring apparatus 10 includes both of the laser
emitting element 1 and the LED element 2. However, the
optical measuring apparatus 10 may include only plural laser
emitting elements 1 or only plural LED elements 2.
[0130] Ifthe optical measuring apparatus 10 includes only
plural laser emitting elements 1, the CPU 30A causes one of
the laser emitting elements 1 to emit light with an amount for
detecting a body in step S20, instead of causing the LED
element 2A to emit light. Then, in step S30, the CPU 30A
executes the same processing as step S50 to detect the body
8.

[0131] In step S40, the CPU 30A may cause a laser
emitting element 1 different from that have emitted light in
step S20 to emit light with an amount for detecting a body.
The intensity of light received by the light-receiving element
3 may vary depending on the installation locations of the
laser emitting elements 1. Using light of different laser
emitting elements 1 enhances the precision in detecting the
body 8, compared with using light of the same laser emitting
element 1 to detect the body 8 multiple times.

[0132] In step S60, two laser emitting elements 1 are
caused to emit light with an amount for measuring a body,
and by using the intensity of light emitted from each of the
laser emitting elements 1, percutaneous oxygen saturation is
measured. The blood flow rate is measured by using a time
change in the intensity of light emitted from one of the laser
emitting elements 1 and received by the light-receiving
element 3.
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[0133] Ifthe optical measuring apparatus 10 includes only
plural LED elements 2, the CPU 30A causes one of the LED
elements 2 to emit light with an amount for detecting a body
in step S40, instead of causing the laser emitting element 1
to emit light. Then, in step S50, the CPU 30A executes the
same processing as step S30 to detect the body 8.

[0134] For the same reason explained when only the laser
emitting elements 1 are used, it is preferable that the LED
element 2 different from that have emitted light in step S20
be used in step S40.

[0135] Instep S60, two LED elements 2 are caused to emit
light with an amount for measuring a body, and by using the
intensity of light emitted from each of the LED elements 2
and received by the light-receiving element 3, percutaneous
oxygen saturation is measured. The blood flow rate is
measured by using a time change in the intensity of light
emitted from one of the LED elements 2 and received by the
light-receiving element 3.

Third Modified Example

[0136] The optical measuring apparatus 10 includes the
LED elements 2A and 2B to measure percutaneous oxygen
saturation. However, the optical measuring apparatus 10
may include the LED element 2A only. In this case, pulse
waves, which are an example of biological information, are
measured by using light from the LED element 2A, and the
blood flow rate is measured by using light from the laser
emitting element 1.

[0137] Biological information measured by the optical
measuring apparatus 10 is not limited to pulse waves, blood
flow rate, and percutaneous oxygen saturation. The optical
measuring apparatus 10 may measure any type of biological
information that can be measured optically.

[0138] For example, the intensity of light received by the
light-receiving element 3 varies according to the pulsation of
an artery. The pulse rate can thus be measured by a variation
in the intensity of light received by the light-receiving
element 3. A variation in the pulse rate is measured in
chronological order so as to obtain second derivative waves
of photoplethysmogram (SDPTG) (which is also called
acceleration plethysmogram (APG)). SDPTG may be used
for estimating vascular aging or diagnosing the illness as
arteriosclerosis.

Fourth Modified Example

[0139] Inthe above-described exemplary embodiment, the
optical measuring apparatus 10 measures biological infor-
mation by using the same light-emitting elements as those
used for detecting the body 8. However, the optical mea-
suring apparatus 10 may use a light-emitting element dif-
ferent from that used for detecting the body 8 to measure
biological information.

[0140] For example, the optical measuring apparatus 10
may include laser emitting elements 1A and 1B. The laser
emitting element 1A is specially used for detecting a body,
while the laser emitting element 1B is specially used for
measuring biological information. The laser emitting ele-
ment 1A is caused to emit light with an amount for detecting
a body, while the laser emitting element 1B is caused to emit
light with an amount for measuring a body.

[0141] In the optical measuring apparatus 10 of the fourth
modified example, the laser emitting element 1A is an
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example of a first light-emitting element, while the laser
emitting element 1B is an example of a second light-
emitting element.

[0142] The laser emitting element 1A is used as a light
source emitting light having wavelengths suitable for detect-
ing a body, while the laser emitting element 1B is used as a
light source emitting light having wavelengths suitable for
measuring biological information. This may enhance the
precision in detecting the body 8 and in measuring biologi-
cal information, compared with a case in which light-
emitting elements emitting light having the same wave-
lengths are used for detecting the body 8 and for measuring
biological information.

Fifth Modified Example

[0143] Inthe above-described exemplary embodiment, the
optical measuring apparatus 10 causes the LED element 2 to
emit light with an amount for detecting a body to detect the
body 8 in step S30 and the laser emitting element 1 to emit
light with an amount for detecting a body to detect the body
8 in step S50. However, the optical measuring apparatus 10
may cause the LED element 2 and the laser emitting element
1 to emit light with an amount for measuring a body in steps
S30 and S50, respectively. This eliminates the need to raise
the amounts of light emitted from the LED element 2A and
the laser emitting element 1 to those for measuring a body
in step S60. It is thus possible to reduce the time taken to
measure biological information, compared with a case in
which the body 8 is detected with an amount of light for
detecting a body.

Sixth Modified Example

[0144] Inthe above-described exemplary embodiment, the
optical measuring apparatus 10 measures a blood flow rate
by using light from the laser emitting element 1 and percu-
taneous oxygen saturation by using light from the LED
element 2. However, the laser emitting element 1 and the
LED element 2 may not necessarily be used as light sources
for measuring different items of biological information.
[0145] More specifically, the optical measuring apparatus
10 may use light from the laser emitting element 1 and that
from the LED element 2 to measure blood flow rates. Then,
the CPU 30A may utilize one of the blood flow rates that has
been measured with a higher precision as the measurement
result. More specifically, the CPU 30A determines which
one of the blood flow rates is closer to a normal blood flow
rate that has been set according to the age, gender, and body
shape from a medical point of view, and then determines the
blood flow rate closer to the normal blood flow rate as that
with a higher precision.

[0146] The optical measuring apparatus 10 may use plural
laser emitting elements 1 and plural LED elements 2 to
measure the same item of biological information. More
specifically, the optical measuring apparatus 10 may use
plural laser emitting elements 1, plural LED elements 2, or
a combination of different types of light-emitting elements
to measure the same item of biological information. Then,
the CPU 30A may utilize one of the plural items of biologi-
cal information having a higher precision as the measure-
ment result.

Seventh Modified Example

[0147] FIG. 15 illustrates a modified example of optical
measuring processing shown in FIG. 12. Optical measuring
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processing in F1G. 15 is different from that in FIG. 12 in that,
after issuing a warning to inform the user of a failure to
detect the body 8 in step S140, the CPU 30A returns to step
S10, instead of terminating optical measuring processing.

[0148] The optical measuring apparatus 10 causes the
LED element 2A to stop emitting light in step S120 and the
laser emitting element 1 to stop emitting light in step S130.
Accordingly, after the detection of physical motion in the
optical measuring apparatus 10 is restarted, light is not
emitted from the optical measuring apparatus 10 until physi-
cal motion is applied to the optical measuring apparatus 10.

Eighth Modified Example

[0149] FIG. 16 illustrates a modified example of optical
measuring processing shown in FIG. 12. Optical measuring
processing in FIG. 16 is different from that in FIG. 12 in that
step 8120 is deleted, and after step S140, the CPU 30A
returns to step S100 to redetect the body 8.

[0150] As a result of deleting step S120. the CPU 30A
returns to step S100 to redetect the body 8 while maintaining
the amount of light emitted from the LED element 2A at that
for detecting a body. It is thus possible to reduce the time
taken to measure biological information, compared with a
case in which light emission of the LED element 2A is
stopped and the amount of light from the LED element 2A
is raised again to that for detecting a body.

[0151] In optical measuring processing in FI1G. 16, if the
result of step S50 is NO, the CPU 130A proceeds to step
S130 while maintaining the amount of light emitted from the
LED element 2A at that for detecting a body. Alternatively,
the amount of light from the LED element 2A may be
reduced to that lower than the amount for detecting a body.
In this case, after physical motion is detected in step S100,
the CPU 130A raises the amount of light from the LED
element 2A to that for detecting a body and detects the body
8 in step S30. This makes it possible to reduce the amount
of light emitted from the optical measuring apparatus 10
while physical motion in the optical measuring apparatus 10
1s being detected, compared with a case in which motion in
the optical measuring apparatus 10 is detected with the
amount of light for detecting a body.

[0152] In optical measuring processing in FIG. 16, the
laser emitting element 1 is caused to stop emitting light in
step S130. Alternatively, the amount of light from the laser
emitting element 1 may be reduced to that for detecting a
body. It is thus possible to reduce the time taken to measure
biological information, compared with a case in which light
emission of the laser emitting element 1 is stopped and the
amount of light from the laser emitting element 1 is raised
again to that for detecting a body in step S40.

[0153] FIG. 17 is a timing chart illustrating an example of
a light emission state of each of the laser emitting element
1 and the LED elements 2A and 2B in a case in which the
body 8 has not been detected in step S50 in FIG. 16.
[0154] FIG. 17 shows that, even after the body 8 has not
been detected by light emitted from the laser emitting
element 1, the optical measuring apparatus 10 keeps the
LED element 2A emitting light with an amount for detecting
a body to redetect the body 8.

Ninth Modified Example

[0155] In optical measuring processing in FIG. 12, the
body 8 is detected by light emitted from the laser emitting
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element 1 and that from the LED element 2. However, the
body 8 may be detected without causing the laser emitting
element 1 and the LED element 2 to emit light.

[0156] FIG. 18 is a flowchart illustrating an example of
optical measuring processing for detecting the body 8 with-
out causing the laser emitting element 1 and the LED
element 2 to emit light.

[0157] Optical measuring processing in FIG. 18 is differ-
ent from that in FIG. 12 in that steps S20 through S50 and
S100 through S140 are deleted and step S15 is added.
[0158] Instep S15, in a state in which light emission of all
of the laser emitting element 1 and the LED elements 2 has
stopped, the CPU 30A calculates the amount of light
received by the light-receiving element 3 per unit time, for
example, by using the intensity of received light and digi-
tized by the A/D converter circuit 18.

[0159] When the user wears the optical measuring appa-
ratus 10 on the arm in the daytime or in a room with lighting
ON, the amount of light received by the light-receiving
element 3 becomes less than that before the user wears the
optical measuring apparatus 10 because the light-receiving
element 3 is covered by the arm.

[0160] A threshold for the amount of light received by the
light-receiving element 3 is set in advance. If the amount of
received light is equal to or smaller than this threshold, it is
assumed that the optical measuring apparatus 10 is attached
to the body 8. This threshold may be called a body detection
threshold. The CPU 30A determines in step S15 whether the
calculated amount of received light is equal to or smaller
than the body detection threshold. The body detection
threshold may be found by experiment using an actual
product of the optical measuring apparatus 10 or by com-
puter simulations based on the design specifications of the
optical measuring apparatus 10, and may be stored in the
non-volatile memory 30D.

[0161] If the calculated amount of received light exceeds
the body detection threshold, it is unlikely that the optical
measuring apparatus 10 is attached to the body 8. The CPU
30A thus returns to step S10 to monitor the output value of
the motion sensor 38 until the user touches the optical
measuring apparatus 10.

[0162] If the calculated amount of received light is equal
to or smaller than the body detection threshold, it is likely
that the optical measuring apparatus 10 is attached to the
body 8. Then, the CPU 30A proceeds to step S60. In step
S60, the CPU 30A causes the laser emitting element 1 and
the LED element 2 to emit light with the corresponding
amounts for measuring a body to measure a blood flow rate
and percutaneous oxygen saturation of the user.

[0163] If the body 8 is detected based on a change in the
amount of light received by the light-receiving element 3,
light is not emitted from the optical measuring apparatus 10
in the standby mode. It is thus possible to reduce the amount
of light accidentally emitted to objects other than the user
from the optical measuring apparatus 10.

[0164] The exemplary embodiment has been discussed
above. However, the present invention is not restricted to the
range of the above-described exemplary embodiment. Vari-
ous modifications and improvements may be made without
departing from the spirit and scope of the invention. Exem-
plary embodiments implemented by making various modi-
fications and improvements are also encompassed within the
technical scope of the invention.
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[0165] For example, optical measuring processing shown
in FIGS. 12, 15, 16, and 18 may be implemented by using
hardware, such as an application specific integrated circuit
(ASIC). In this case, optical measuring processing may be
executed faster than that implemented by software.
[0166] As discussed in the exemplary embodiment, the
presence or the absence of a body is determined according
to whether the value representing biological information,
such as pulse waves or percutaneous oxygen saturation,
measured by light emitted from a first light-emitting element
is within a predetermined range which indicates the presence
of a body. However, this is only an example. The presence
or the absence of a body may be determined based on
another factor. For example, configuration information indi-
cating the configuration of a subject to be measured may be
detected by light emitted from the first light-emitting ele-
ment, and the presence or the absence of a body may be
determined based on this configuration information. If fea-
tures representing the configuration of a face, for example,
are detected as the configuration information, the presence
of a body may be determined.
[0167] A subject to be measured by the optical measuring
apparatus 10 is not restricted to a body. The optical mea-
suring apparatus 10 may be used for other purposes. For
example, the optical measuring apparatus 10 may be a
device that judges whether a steel sheet has a flaw by
applying light thereto and then determines the position and
degree of a flaw, based on the intensity of light received by
the light-receiving element 3. The optical measuring appa-
ratus 10 may be a device that measures the spectral trans-
mittance and reflectance of an optical element, such as a
lens. The optical measuring apparatus 10 may be a device
that determines components of a subject, such as a fruit, by
emitting light to the fruit and receiving light reflected by the
fruit, and measures a sugar content, for example, contained
in the fruit.
[0168] Although the optical measuring program is
installed in the ROM 30B in the exemplary embodiment, it
may be provided as a result of being recorded in a computer-
readable storage medium. For example, the optical measur-
ing program may be provided as a result of being recorded
in an optical disc, such as a compact disc (CD)-ROM or a
digital versatile disc (DVD)-ROM, or in a semiconductor
memory, such as a universal serial bus (USB) memory or a
memory card. The optical measuring program may be
obtained from an external device via a communication
network connected to the communication device 37.
[0169] The foregoing description of the exemplary
embodiment of the present invention has been provided for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiment was chosen and described in order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and their equivalents.

What is claimed is:

1. An optical measuring apparatus comprising:

first and second light-emitting elements that emit light;
and
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a controller that performs control, upon detection of the
presence of a body by light emitted from the first
light-emitting element, so that the second light-emitting
element will emit light with an amount for measuring
the body.

2. The optical measuring apparatus according to claim 1,
wherein an amount of light emitted from the first light-
emitting element is less than the amount of light emitted
from the second light-emitting element for measuring the
body.

3. The optical measuring apparatus according to claim 1,
further comprising:

a measuring unit that measures first biological informa-
tion concerning the body by using light emitted from
the first light-emitting element and measures second
biological information concerning the body by using
light emitted from the second light-emitting element,
the second biological information being different from
the first biological information.

4. The optical measuring apparatus according to claim 3,
wherein the measuring unit measures at least one of pulse
waves and percutaneous oxygen saturation of the body by
using light emitted from the first light-emitting element, and
measures a blood flow rate of the body by using light emitted
from the second light-emitting element.

5. The optical measuring apparatus according to claim 1,
wherein the first light-emitting element is a light-emitting
diode, and the second light-emitting element is a laser
element.

6. The optical measuring apparatus according to claim 5,
further comprising:

a measuring unit that measures first biological informa-
tion concerning the body by using light emitted from
the first light-emitting element and measures second
biological information concerning the body by using
light emitted from the second light-emitting element,
the second biological information being different from
the first biological information.

7. The optical measuring apparatus according to claim 6,
wherein the measuring unit measures at least one of pulse
waves and percutaneous oxygen saturation of the body by
using light emitted from the first light-emitting element, and
measures a blood flow rate of the body by using light emitted
from the second light-emitting element.

8. The optical measuring apparatus according to claim 1,
wherein, upon detection of pulse waves of the body by light
emitted from the first light-emitting element, the controller
causes the second light-emitting element to emit light with
the amount for measuring the body.

9. The optical measuring apparatus according to claim 1,
wherein the controller performs control so that an amount of
light emitted from the second light-emitting element will be
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regulated to be less than the amount for measuring the body
until the presence of the body is detected by light emitted
from the first light-emitting element.

10. The optical measuring apparatus according to claim 1,
wherein, even when the presence of the body is detected by
light emitted from the first light-emitting element, if the
presence of the body is not detected by light emitted from
the second light-emitting element, the controller performs
control so that an amount of light emitted from the second
light-emitting element will be regulated to be less than the
amount for measuring the body.

11. The optical measuring apparatus according to claim
10, wherein, even when the presence of the body is detected
by light emitted from the first light-emitting element, if the
presence of the body is not detected by light emitted from
the second light-emitting element, the controller performs
control so that an amount of light emitted from the first
light-emitting element will be reduced to be less than an
amount of light emitted from the first light-emitting element
used for detecting the presence of the body.

12. The optical measuring apparatus according to claim 1,
further comprising:

a measuring unit that measures first biological informa-
tion concerning the body by using light emitted from
the first light-emitting element and measures second
biological information concerning the body by using
light emitted from the second light-emitting element,
the second biological information being different from
the first biological information,

wherein, upon detection of the presence of the body by
light emitted from the first light-emitting element and
also by light emitted from the second light-emitting
element, the controller performs control so that each of
the first and second light-emitting elements will emit
light with an amount for measuring the body.

13. An optical measuring apparatus comprising:

a light-emitting diode;

a laser element; and

a controller that performs control, upon detection of the
presence of a body by light emitted from the light-
emitting diode, so that the laser element will emit light
with an amount for measuring the body.

14. A non-transitory computer readable medium storing a
program causing a computer to execute a process, the
process comprising:

causing a first light-emitting element to emit light; and

performing control, upon detection of the presence of a
body by light emitted from the first light-emitting
element, so that the second light-emitting element will
emit light with an amount for measuring the body.

I S T
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