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An infrared thermometer includes: a main unit incorporating
an infrared sensor; a proximity sensor for detecting that the
main unit has been positioned in proximity to a human body;
and a controller which calculates body temperature based on
quantity of infrared from the infrared sensor when the prox-
imity sensor has detected positioning of the main unit in
proximity to a human body. The proximity sensor includes a
ground electrode, and a plurality of segmented electrodes
arranged about the perimeter of the ground electrode. The
controller measures electrostatic capacitance between the
ground electrode and the segmented electrodes when posi-
tioned in proximity to a human body, and measures the dis-
tance between the main unit and the human body, to thereby
detect tilt of the main unit with respect to the human body.
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INFRARED THERMOMETER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/JP2014/069746, filed Jul. 25,2014, and
based upon and claims the benefit of priority from Japanese
Patent Applications No. 2013-164082, filed Aug. 7,2013, and
No.2014-020017, filed Feb. 5, 2014, the entire contents of all
of which are incorporated herein by reference.

BACK GROUND
[0002] 1. Technical Field
[0003] The present application relates to an infrared ther-

mometer using an infrared sensor to measure a body tempera-
ture contactlessly.

[0004] 2. Related Art

[0005] Because an infrared thermometer using an infrared
sensor for measuring a body temperature is capable of mea-
suring the body temperature quickly, the infrared thermom-
eter is extremely effective for measurement of the body tem-
perature of a subject, such as a baby or an infant, who tends to
cry easily, sleep or move constantly.

[0006] The infrared sensor is adapted so as to measure the
quantity of infrared radiated from a measuring object portion,
such as a human skin, thereby measuring a temperature of the
measuring object portion, that is, the body temperature. How-
ever, as the infrared attenuates in inverse proportion to the
square of the distance, it is required to precisely measure a
distance between the infrared sensor and the measuring
object portion or make the distance up to the measuring object
portion constant, for measurement of the quantity of infrared.
[0007] In a conventional infrared thermometer, therefore,
since the setting or measurement of the distance between the
infrared sensor and the measuring object portion has been
performed by a measurer’s action of “adjusting the distance
to about several cm”, “aligning with an optical mark™ or the
like, the setting or measurement did depend on a measurer’s
skill largely. For this reason, it was difficult to measure a
precise body temperature heretofore since measurement error
occurred in the distance between the infrared and the mea-
suring object portion frequently.

[0008] An infrared thermometer for solving the problem of
such a distance error is disclosed in PTL 1 (JP 2012-217563
A). In the infrared thermometer disclosed in PTL 1, a main
unit having a built-in infrared sensor is adapted so as to
measure the quantity of infrared from the infrared sensor
when contact-judgment means judges that the thermometer
has directly touched a human skin, e.g. a baby’s skin, and
calculate the body temperature based on the so-measured
quantity of infrared.

SUMMARY

[0009] However, as the infrared thermometer described in
PTL 1 is constructed so as to touch the skin of a human body,
for example a baby’s skin, directly, transfer of the body tem-
perature from the baby to a casing of the infrared thermometer
could produce an error in the measurement of the body tem-
perature.

[0010] Under the above-mentioned situation, an object of
the present application is to provide an infrared thermometer
capable of measuring a precise body temperature because
there is no transfer of the body temperature in measuring the
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body temperature contactlessly since the infrared thermom-
eter, despite its simple structure, does not touch the skin of a
human body as a subject being inspected, for example, ababy.
[0011] To achieve the above object, an infrared thermom-
eter according to a first aspect of the present application is an
infrared thermometer capable of measuring a body tempera-
ture in no contact with a human body, including: a main unit
incorporating an infrared sensor; a proximity sensor config-
ured to detect that the main unit has been positioned in prox-
imity to the human body; and a controller configured to cal-
culate the body temperature of the human body based on
quantity of infrared from the infrared sensor when the prox-
imity sensor has detected a positioning of the main unit in
proximity to the human body, wherein the proximity sensor
includes a ground electrode and a plurality of segmented
electrodes arranged around the ground electrode, and the
controller is configured to measure electrostatic capacitances
between the ground electrode and the segmented electrodes
respectively and measure a distance between the main unit
and the human body based on the electrostatic capacitances,
thereby detecting a tilt angle of the main unit with respect to
the human body.

[0012] With this configuration, itis possible to detect the tilt
angle of the main body to the human body. Thus, as the
infrared thermometer does not touch a skin of the human body
as a subject being inspected, for example, a baby, there is no
transfer in body temperature during the contactless body-
temperature measurement, so that an accurate body tempera-
ture can be measured by precisely orientating the posture of
the main unit to the human body.

[0013] The controller may have a reference table for cor-
recting the measured body temperature and correct the body
temperature that has been already measure by referring to the
reference table from the detected tilt angle.

[0014] With this configuration, the controller refers to the
reference table. Thus, even though the main unit is inclined to
the human body, the measured body temperature can be cor-
rected in response to the tilt angle, and thus it is possible to
measure the body temperature more accurately.

[0015] The ground electrode may be formed into a ring
shape, while the plurality of segmented electrodes may be
formed by dividing a ring-shaped electrode outside the
ground electrode.

[0016] With this configuration, the electrostatic-capacity
type proximity sensor is structured to have the grounding
electrode and the multiple divided electrodes. Thus, such a
structure has a degree of freedom for design and therefore, it
is easy to incorporate the proximity sensor into the infrared
thermometer.

[0017] The infrared thermometer may include a notifica-
tion unit that notifies, when the tilt angle of the main unit to
the human body exceeds a predetermined tilt angle, that effect
and that also notifies, when measurement of the body tem-
perature is finished, a completion of the measurement.
[0018] With this configuration, a measurer can know that
the main unit is not being directed to the human body in a
correct posture but being inclined to the human body, through
the notification unit. Furthermore, the measurer can know that
the measurement of the body temperature is finished, by a
notification from the notification unit.

[0019] An infrared thermometer according to a second
aspect of the present application is an infrared thermometer
capable of measuring a body temperature in no contact with a
human body, including: a main unit incorporating an infrared



US 2016/0157732 Al

sensor, a distance sensor configured to detect a distance
between the main unit and the human body when the main
unit approaches the human body: and a controller configured
to calculate the body temperature of the human body based on
quantity of infrared from the infrared sensor when the dis-
tance sensor detects that the distance between the main unit
and the human body has become a predetermined distance,
wherein the distance sensor includes: a light source for emit-
ting light; a projector lens for projecting the light of the light
source toward the human body; a light receiving sensor; and
a light receiving lens that allows the light receiving sensor to
receive return light of the light, which is obtained as a result
of being reflected by the human body, when the main unit is
located at the predetermined distance.

[0020] With this configuration, when the main unit is
located at the predetermined distance, it is carried out to allow
the light receiving sensor to receive the return light of the
projected light, which is obtained as a result of being reflected
by the human body, and further calculate the body tempera-
ture of the human body at the predetermined distance based
on the quantity of infrared from the infrared sensor. Thus, as
the infrared thermometer, despite its simple structure, does
not touch a skin of the human body as a subject being
inspected, for example, a baby, there is no transfer in body
temperature during the contactless body-temperature mea-
surement, thereby allowing the body temperature to be mea-
sured precisely.

[0021] Both the projector lens and the light receiving lens
may be semi-circular arc-shaped lenses in common.

[0022] By adopting semi-circular arc-shaped lenses for the
projector lens and the light receiving lens in common, the
infrared sensor can be disposed between the projector lens
and the light receiving lens. Therefore, the layout of the
infrared sensor in the main unit is easy and accordingly,
miniaturization of the main unit can be carried out.

[0023] The infrared thermometer may include a circuit
board on which the projector lens, the light receiving lens and
the infrared sensor are mounted. Further, the infrared sensor
may be arranged between the projector lens and the light
receiving lens, while the projector lens and the light receiving
lens may be arranged at symmetrical positions with respect to
a center axis passing through the infrared sensor, as a center.
[0024] With this configuration, the infrared sensor can
receive infrared radiation from the human body through an
interval between the projector lens and the light receiving
lens.

[0025] Thecircuit board, which mounts the infrared sensor,
the light receiving lens and the projector lens thereon, may be
arranged in an apex portion of the main unit.

[0026] With this arrangement, the body temperature can be
measured by moving the apex portion of the main unit closer
to the human body.

[0027] Both a tip of the projector lens for projecting the
light and a tip of the light receiving lens for receiving the
return light may be inclined at a constant angle so as to have
a single focal length.

[0028] With this configuration, it is possible to receive the
return light on the side of the light receiving lens with the
single focal length determined by the angle of the tip.
[0029] Both a tip of the projector lens for projecting the
light and a tip of the light receiving lens for receiving the
return light change continuously so as to have a plurality of
different focal lengths.
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[0030] With this configuration, it is possible to receive the
return light on the side of the light receiving lens with the
multiple focal lengths determined by the angle of the tip.
[0031] Both a tip of the projector lens for projecting the
light and a tip of the light receiving lens for receiving the
return light change in a stepwise shape so as to have a plurality
of different focal lengths at respective positions from each
center to respective ends.

[0032] With this configuration, it is possible to receive the
return light on the side of the light receiving lens with the
multiple focal lengths determined by the angle of the tip.
[0033] With the aspects of the present application, it is
possible to provide an infrared thermometer capable of mea-
suring a precise body temperature because there is no transfer
of the body temperature in measuring the body temperature
contactlessly since the infrared thermometer, despite its
simple structure, does not touch a skin of'a human body as a
subject being inspected, for example, a baby.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1isaperspective view of an infrared thermom-
eter according to a first embodiment.

[0035] FIG. 2 is a perspective view of the infrared ther-
mometer of FIG. 1 with a cover removed.

[0036] FIG. 3A is a rear view of the infrared thermometer
according to the firstembodiment, FIG. 3B a side view of the
same infrared thermometer, and FIG. 3C is a front view of the
same infrared thermometer.

[0037] FIG. 4 is a circuit diagram illustrating a part of a
circuit of the infrared thermometer according to the first
embodiment.

[0038] FIG. 5 is a graph of an electrostatic-capacitance
change curve illustrating the relationship of electrostatic
capacitance with respect to a distance between a proximity
sensor used in the infrared thermometer according to the first
embodiment and a measuring object portion.

[0039] FIG. 6 is a diagram illustrating a current flowing
through a light emitting diode (LED) used in the infrared
thermometer according to the first embodiment and its dim-
ming state.

[0040] FIG. 7 is an overall circuit diagram of the infrared
thermometer according to the first embodiment.

[0041] FIGS. 8A and 8B are conceptual diagrams illustrat-
ing a ground electrode (earth electrode) and another electrode
etc. ofthe infrared thermometer according to the first embodi-
ment.

[0042] FIG. 9 is a view illustrating a shape example of the
ground electrode and another electrode of the infrared ther-
mometer according to the first embodiment.

[0043] FIG. 10 is a view illustrating a preferable shape
example of the ground electrode and the electrode in the
infrared thermometer according to the first embodiment.
[0044] FIG. 11 is a view illustrating another preferable
shape example of the ground electrode and the electrode in
the infrared thermometer according to the first embodiment.
[0045] FIG. 12 is a diagram illustrating a general example
of connection between four segmented electrodes and an
MCU of the infrared thermometer according to the first
embodiment.

[0046] FIG. 13 is a perspective view of an infrared ther-
mometer according to a second embodiment.

[0047] FIG. 14 is a perspective view of the infrared ther-
mometer cover according to the second embodiment with a
cover removed.
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[0048] FIG. 15A is a rear view of the infrared thermometer
according to the second embodiment, FIG. 15B a side view of
the same infrared thermometer, and FIG. 15C is a front view
of the same infrared thermometer.

[0049] FIG.161is afront view illustrating a circuit board on
which a distance sensor and an infrared sensor of the infrared
thermometer according to the second embodiment are
mounted.

[0050] FIG. 17 is a cross sectional view taken along a line
A-A of FIG. 16.

[0051] FIG. 18 is a cross sectional view taken along a line
B-B of FIG. 16.
[0052] FIG. 19 is a perspective view illustrating the circuit

board, on which the distance sensor and the infrared sensor of
the infrared thermometer according to the second embodi-
ment are mounted, and a target.

[0053] FIG. 20 is a perspective view illustrating the dis-
tance sensor of the infrared thermometer according to the
second embodiment and the circuit board.

[0054] FIG. 21 is a diagram illustrating a situation of the
infrared thermometer according to the second embodiment
where light of a light source is projected onto the target and
subsequently received, as return light, by a light receiving
Sensor.

[0055] FIG. 22 is a diagram illustrating an example where
the focal length at the tip of a projector lens and at the tip of a
light receiving lens is 50 mm in the infrared thermometer
according to the second embodiment.

[0056] FIG. 23 is a diagram illustrating an example where
the focal length at the tip of the projector lens and at the tip of
the light receiving lens is 100 mm in the infrared thermometer
according to the second embodiment.

[0057] FIG. 24 is a perspective view illustrating a situation
where the profiles of respective tips of the projector lens and
the light receiving lens become constant in the infrared ther-
mometer according to the second embodiment.

[0058] FIG. 25 is a perspective view illustrating a situation
where the profiles of respective tips of the projector lens and
the light receiving lens vary continuously and smoothly.
[0059] FIG. 26 is a perspective view illustrating a situation
where the profiles of respective tips of the projector lens and
the light receiving lens vary in a stepwise shape.

[0060] FIG.27A isa cross sectional view taken along a line
V1-V1 of the profiles of respective tips of the projector lens
and the light receiving lens of FIG. 26, FIG. 27B a cross
sectional view taken along a line V2-V2 of the same profiles,
and FIG. 27C is a cross sectional view taken along a line
V3-V3 of the same profiles.

DETAILED DESCRIPTION

[0061] Embodiments will be described with reference to
accompanying drawings.

First Embodiment

[0062] An infrared thermometer 1 according to a first
embodiment will be described with reference to FIGS. 1 to
12,

[0063] As illustrated in FIG. 1, the infrared thermometer 1
according to the first embodiment includes a cover 200. The
cover 200 is configured so as to be slightly-vertical barrel-
shaped. Owing to this configuration, it is easy for a measurer
to pinch a concave portion 1A etc. which is slightly recessed
at the center of the cover 200, by fingers. Then, the measurer

Jun. 9, 2016

is supposed to pinch the concave portion 1A of the cover 200
of the infrared thermometer 1 and also measure a body tem-
perature in no contact, at a position closer to a measuring
target whose body temperature is to be measured, for
example, a human skin positioned at the central part of a
forehead of a human body, such as a baby’s body.

[0064] Consequently, the infrared thermometer 1 is in no
contact with the human skin. In other words, as the infrared
thermometer does not touch a skin of a human body (e.g.
baby) as a subject being inspected, there is no possibility that
heat (body temperature) is transferred from the skin to the
infrared thermometer 1, so that it is possible to measure more
accurate body temperature.

[0065] As illustrated in FIG. 1, the infrared thermometer 1
includes an infrared sensor 3 for measuring a body tempera-
ture and a proximity sensor 100 for measuring a distance
between a measuring object portion of a human body, and an
apex portion 1B of the infrared thermometer 1. In the infrared
thermometer 1, a substantially central portion of the front side
of amain unit 1R, that is, a substantially central portion of the
apex portion 1B of the cover 200, which is directed downward
to the right as illustrated in FIG. 1, is recessed in a mortar
shape to constitute a mortar-shaped portion 1C. The infrared
sensor 3 and the proximity sensor 100 are attached to a
recessed portion at the center of the mortar-shaped portion
1C.

[0066] The proximity sensor 100 is arranged around the
infrared sensor 3. The proximity sensor 100 includes an earth
electrode (also referred to as “ground electrode”) 5 and an
outside counter electrode 7. FIG. 1 illustrates an exterior
package 7a as a protecting part of the electrode 7, while FIG.
2 illustrates the electrode 7 being exposed with the exterior
package 7a removed. The proximity sensor 100 is capable of
sensing an approaching of the infrared sensor 3 to a measur-
ing object portion of a human body or the like, contactlessly
and exactly.

[0067] As can be seen from FIGS. 1 and 2, the mortar-
shaped portion 1C constitutes the ground electrode 5 of the
proximity sensor 100, while an annular portion around the
ground electrode 5 constitute the electrode 7 of the proximity
sensor 100.

[0068] Therefore, when measuring, for example, the body
temperature of a baby, the measurer moves the mortar-shaped
portion 1C (the apex portion 1B) of the infrared thermometer
1, which contains the infrared sensor 3, and the ground elec-
trode 5 and the electrode 7 of the proximity sensor 100, closer
to the skin of a human body. Thus, the proximity sensor 100
provided in the mortar-shaped portion 1C measures a distance
between the sensor and the skin of the human body, while the
infrared sensor 3 detects the infrared radiation from the
human body in a non-contact manner to make the infrared
thermometer 1 in no contact with the human’s skin. Then, the
body temperature can be measured from the quantity of so-
detected infrared radiation.

[0069] The ground electrode 5 is disposed around the infra-
red sensor 3 and constitutes a sensor frame to stabilize a
temperature of the infrared sensor 3 and reflect a radiation
from a side surface. This sensor frame is used in place of the
ground electrode 5, thereby ensuring a sufficient area as the
ground electrode 5.

[0070] As illustrated in FIG. 3A, the infrared thermometer
1 is provided. on its rear surface, with a liquid crystal display
unit 11 as a notification unit for displaying the body tempera-
ture or notifying a necessary alarm. The liquid crystal display
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unit 11 is provided, on its upper side, with a power switch 13
having a broad pressing surface. If the power switch 13 is
operated and turned on, then the infrared thermometer 1 is
activated to measure the body temperature in no contact with
the measuring object portion of the human body and display
the numerical value of the so-measured body temperature on
the liquid crystal display unit 11.

[0071] Additionally, as illustrated in FIG. 3B, the cover 200
of the infrared thermometer 1 is provided, on a side surface of
the concave portion 1A, with a battery housing part 15. Since
the battery housing part 15 accommodates a battery, for
example, a button battery with a voltage from 1.5 to 3 volts
and additionally, a lid is fastened to the housing part by a
screw, the same part functions as a power supply of the
infrared thermometer 1 for its operable state.

[0072] As illustrated in FIG. 3C, in the mortar-shaped por-
tion 1C (the apex portion 1B) of the main unit 1R, there are
concentrically arranged the infrared sensor 3, and the elec-
trode 5 and the electrode 7 of the proximity sensor 100a
around the infrared sensor 3.

[0073] A circuit illustrated in FIG. 4 includes a part of a
measurement circuit for measuring the distance between the
measuring object portion of the human body and the apex
portion 1B (the mortar-shaped portion 1C of FIG. 3) of the
infrared thermometer 1 with the proximity sensor 100 based
on electrostatic capacitance detected by the proximity sensor
100, and a part of a circuit for notifying the completion of
measuring the body temperature in the infrared thermometer
1 and also for lighting up a liquid-crystal backlight of the
liquid crystal display unit 11.

[0074] Thereason why an electrostatic capacity type sensor
is used for the proximity sensor 100 is because it could be
constructed by metal terminals, a wiring pattern provided on
a substrate, a wiring pattern provided on a flexible substrate
and so on, as long as sensor’s electrode portions are made
from electrically conductive materials. Due to a high degree
of freedom in the profile of electrodes of the proximity sensor
100, additionally, it is easy to incorporate such electrodes in
the thermometer and moreover, the measurement circuit is
simple.

[0075] Asillustrated in FIG. 5, the electrostatic capacitance
between the ground electrode 5 and the electrode 7 constitut-
ing the proximity sensor 100 changes under the influence of a
distance between the proximity sensor 100 and the measuring
object portion of the human body to which the proximity
sensor 100 is getting access. When inputting the so-change-
able electrostatic capacitance between the ground electrode 5
and the electrode 7 to an input of a Schmitt trigger CMOS
inverter U1 having its input side connected to a resistance R1
as illustrated in F1G. 4, this Schmitt trigger CMOS inverter
U1 oscillates at an oscillation frequency F explained with the
equation (1).

F=1/(0.8x CfxR1) m

Here, Cf is an electrostatic capacitance which contains the
electrostatic capacitance between the ground electrode 5 and
the electrode 7 constituting the proximity sensor 100 and also
a stray capacitance of wiring and which is the electrostatic
capacitance changeable under the influence of the distance
between the proximity sensor 100 and the measuring object
portion of the human body to which the proximity sensor 100
is getting access. R1 is a resistance of a resistor R1 of FIG. 4.
[0076] Inthis way,an output signal A of the Schmitt trigger
CMOS inverter U1 oscillating at the oscillation frequency F is
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fed to a microcontroller (MCU) 83 using a later-mentioned
microprocessor. In the MCU 83, the oscillation frequency F is
counted by a counter. Based on the count value of the oscil-
lation frequency F, the distance between the human body and
the proximity sensor 100 of the apex portion 1B of the infra-
red thermometer 1 is calculated.

[0077] When the proximity sensor 100 becomes closer to a
human skin (e.g. forehead) as the measuring object portion,
for example, when the sensor approaches a target within
about 5 mm, the electrostatic capacitance C is proportional to
the area of the electrode 7 of the proximity sensor 100 and
inversely proportional to the distance between the sensor and
the human skin as the measuring object portion, thereby
taking a value close to the equation (2).

C=CoE,.5/20F) @

Here, S is the area of the electrode of the proximity sensor
100, t is the distance between the human skin as the measut-
ing object portion and the proximity sensor 100, so is a
dielectric constant in vacuum, and E, is a relative dielectric
constant (=1 in the air).

[0078] Incidentally, if the proximity sensor 100 moves
away from the human skin etc. as the measuring object por-
tion, the action of the proximity sensor 100 as a plane carnot
be expected, so that the electrostatic capacitance decreases
extremely. In such a case, the electrostatic capacitive of the
proximity sensor 100 is nothing but a mere parameter propor-
tional to the area of the electrode of the proximity sensor 100
and becomes equal to a sum of the stray capacitance of the
wiring and the surface area of the electrode of the proximity
sensor 100. As a result, even the distance between the sensor
and the human skin etc. as the measuring object portion
changes, the electrostatic capacitance would not change.
Thus, in the distance range where the electrostatic capaci-
tance does not change, the proximity sensor 100 is insensitive
as a distance sensor and therefore, it can be said that the
proximity sensor 100 is under a release state.

[0079] Asillustrated in FIG. 4, the outside electrode 7 of the
proximity sensor 100 is circumferentially divided into four
segmented electrodes 7A, 7B, 7C, and 7D, which will be
later-described in detail with reference to FIG. 10. The seg-
mented electrodes 7A, 7B, 7C, 7D are connected to proxim-
ity-sensor circuits 71, respectively. The four proximity-sen-
sor circuits 71 are connected to the MCU 83. The four
proximity-sensor circuits 71 are adapted so as to supply the
MCU 83 with output signals A of the Schmitt trigger CMOS
inverters U1, respectively.

[0080] Thereason why the outside electrode 7 is composed
of the plurality of segmented electrodes 7A, 7B, 7C, 7D is to
allow confirming whether or not the infrared thermometer 1 is
inclined to the human skin, by measuring the distances
between the human skin and the respective segmented elec-
trodes 7A, 7B, 7C, 7D, thereby obtaining a tilt angle. In other
words, the mortar-shaped portion 1C (the apex portion 1B) of
the main unit 1R is constructed so as to detect a tilt angle of the
sensor under condition that it is inclined to the human skin.

[0081] The infrared thermometer 1 is provided, as a noti-
fying unit for notifying a measurer of the information or
alarm, with the liquid crystal display unit 11 and a buzzer 180,
as illustrated in FIG. 4. The liquid crystal display device 11
can notify, for example, a tilt angle with which the mortar-
shaped portion 1C (the apex portion 1B) of the main unit 1R
illustrated in FIG. 3C is inclined to the human skin, an alarm
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to be generated when this tilt angle exceeds a predetermined
appropriate angle and a completion of measuring the body
temperature.

[0082] By emitting a sound, additionally, the buzzer 180
can notify an alarm representing that, for example, this tilt
angle has exceeded the predetermined appropriate angle and
a situation where the measuring of the body temperature has
been completed.

[0083] FIG. 5 is a graph of an electrostatic-capacitance
change curve illustrating the relationship of electrostatic
capacitance with respect to a distance t between the proximity
sensor 100 and the measuring object portion. As illustrated in
FIG. 5, when the distance t between the proximity sensor 100
and the measuring object portion becomes 5 mm or less, the
electrostatic capacitance C is proportional to an area S of the
electrode of the proximity sensor 100 and also inversely pro-
portional to the distance t between the sensor and the mea-
suring object portion, as indicated with the equation (2).
However, if the proximity sensor 100 moves away from the
measuring object portion, the action of the proximity sensor
100 as a plane cannot be expected, so that the electrostatic
capacitance decreases extremely.

[0084] Referring back to FIG. 4, the output signal A of the
Schmitt trigger CMOS inverter U1 oscillating at the oscilla-
tion frequency F is supplied to MCU 83 where the distance t
between the measuring object portion of the human body and
the proximity sensor 100 is calculated. In addition, the output
signal A of the Schmitt trigger CMOS inverter U1 is supplied
to a booster circuit for raising 3 volts, which is the voltage of
the battery housed in the battery housing part 15 illustrated in
FIG. 3B, to the voltage of 6 volts for turning on a light
emitting diode (LED), for example, a blue LED for the noti-
fication of the later-mentioned completion of measuring the
body temperature.

[0085] That is, in FIG. 4, the output signal A of the above-
mentioned Schmitt trigger CMOS inverter U1 is supplied,
besides the MCU 83, to a CMOS inverter U2 where the signal
is inverted and amplified to be a rectangular wave signal that
repeats between the amplitude of the voltage E of 3 volts of
the battery and O volt. Then, the rectangular wave signal is
supplied to a capacitor C1. The capacitor C1 is charged by 3
volts of the voltage E of a battery 21 through a subsequent-
stage Schottky diode D1.

[0086] That is, when the output of the CMOS inverter U2 is
0 volt, one terminal on the “2”-side of the capacitor C1
becomes a positive polarity, while another terminal on the
“1”-side of the capacitor C1 becomes a negative polarity, so
that 3 volts of the voltage E is charged to the capacitor C1.
[0087] Also, when the output of the CMOS inverter U2is 3
volts of voltage E, the voltage 2F (voltage Ex2=2E) of 6 volts,
whichis twice as much as the voltage E of 3 volts, is generated
at the *2”-side terminal of the capacitor C1 since the voltage
charged in the capacitor C1 is connected to the output of the
CMOS inverter U2 in series. Then, the voltage 2E of 6 volts is
charged to a capacitor C2 through the Schottky diode D1.
[0088] Thus, the voltage 2E (6 volts) charged to the capaci-
tor C2 is supplied to a (e.g. blue) light emitting diode (LED)
D2 for notifying the completion of measuring the body tem-
perature measurement. A resistor R2 and a dimming transis-
tor Q1 are connected to the light emitting diode D2 in series.
A current flowing through the light emitting diode D2 is
determined by the resistor R2. The ON/OFF of the dimming
transistor Q1 is controlled by a dimming control signal B
supplied from the MCU 83 to abase ofthe dimming transistor
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Q1. The light emitting diode is controlled so as to obtain the
maximum brightness when the dimming transistor is turned
on.

[0089] In other words, due to the ON/OFF control of the
dimming transistor Q1 through the dimming control signal B
from the MCU 83, the current flowing through the light emit-
ting diode D2 is controlled as illustrated in FIG. 6. Then, as
illustrated in F1G. 6, when the current flows through the light
emitting diode D2 continuously, the dimming is maximized.
When the ON/OFF control is carried out, the dimming
becomes one-third of the maximum. When the current is cut
off, the light emitting diode D2 is turned off, so that the
dimming becomes zero. The repetition period of the ON/OFF
control whose dimming becomes Y4 is set to an appropriate
value giving no flickering oflight to human eyes, for example,
1.6 ms or less. Note that the light emitting diode D2 is also
used as a liquid-crystal backlight for the liquid crystal display
unit 11. For use with this backlight, the light emitting diode
D2 is adapted so as to be dimmable in multiple stages.

[0090] FIG. 7 is an overall circuit diagram of the infrared
thermometer 1 according to the first embodiment, particu-
larly, the entire circuit diagram of the infrared thermometer 1
of this embodiment including: a part of the measurement
circuit for measuring the distance between the measuring
object portion of the human body and the apex portion of the
infrared thermometer 1 with the proximity sensor 100 based
on the electrostatic capacitance detected by the above-men-
tioned proximity sensor 100; a part of the circuit for the
notification function representing the completion of measur-
ing the body temperature in the infrared thermometer 1 and
also for the liquid-crystal backlight of the liquid crystal dis-
play unit 11; and the above-mentioned MCU 83.

[0091] InFIG. 7, incidentally, the above measurement cit-
cuit’s part for measuring the distance t between the measuring
object portion of the human body and the apex portion of the
infrared thermometer 1 with the proximity sensor 100 based
on the electrostatic capacitance C detected by the above-
mentioned proximity sensor 100 is illustrated as a proximity-
sensor circuit 71. A booster circuit for the above circuit’s part
for the notification function representing the completion of
measuring the body temperature in the infrared thermometer
1 and also for the liquid-crystal backlight of the liquid crystal
display unit 11 is illustrated as a backlight/illumination
booster circuit 73.

[0092] In FIG. 7, there is illustrated only one proximity-
sensor circuit 71 as a representative of four proximity-sensor
circuits (oscillation circuits) 71 illustrated in FI1G. 4, while
three proximity-sensor circuits 71 are eliminated for simpli-
fication of the illustration.

[0093] As illustrated in FIG. 7, the output signal A of the
Schmitt trigger CMOS inverter U1 from the sensor circuit 71
is fed to the MCU 83 to calculate the distance between the
measuring object portion of the human body and the apex
portion of the infrared thermometer 1 with the proximity
sensor 100. From the MCU 83, the dimming control signal B
is outputted to the dimming transistor Q1 by which the light
emitting diode D2 is controlled through the resistor R2,
thereby performing the dimming control and the backlight
control for the liquid crystal constituting the liquid crystal
display unit 11. The light emitting diode D2 is supplied with
a voltage boosted up to 6 volts by the backlight/illumination
booster circuit 73. The power switch 13 and the battery 21 of
3 volts are connected to the MCU 83.
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[0094] As illustrated in FIG. 7, a thermopile type sensor
composed of a plurality of thermocouples connected in series
is used for the infrared sensor 3. The quantity of infrared
measured by the thermopile-type infrared sensor 3 is ampli-
fied by an operational amplifier 79 through an analog switch
77 and subsequently converted into a digital signal by an AD
converter 81. Then, the digital signal is supplied to the MCU
83. The MCU 83 calculates body temperature, i.e. tempera-
ture of the measuring object portion of the human body based
on the digital signal from the infrared sensor 3 and displays
the calculated body temperature on the liquid crystal display
unit 11.

[0095] The infrared thermometer 1 includes, besides the
blue light emitting diode D2, the buzzer 180 as the notifica-
tion function representing the completion of measuring the
body temperature measurement. The buzzer 180 is connected
to the MCU 83 through a resistor 89, thereby sounding and
informing the completion of measuring the body temperature
under the control of the MCU 83.

[0096] Next, preferred structural examples ofthe proximity
sensor 100 illustrated in FIGS. 4 and 7 will be described with
reference to FIGS. 8 to 10. Although the proximity sensor 100
has been already illustrated in FIGS. 4and 7, we now describe
the structure of the proximity sensor 100 in more detail.
[0097] The proximity sensor 100 has a role as a distance
meter for measuring the distance t between the proximity
sensor 100 and the human skin. As illustrated in FIG. 8A, the
proximity sensor 100 includes one pair of ground electrode 5
and electrode 7 having a certain area. The ground electrode 5
and the electrode 7 are arranged on a plane, in proximity to
each other. Between the ground electrode 5 and the electrode
7, there is an electrostatic capacitance C which is proportional
to the area S. The electrostatic capacitance C becomes larger
as the broader the area S of the electrodes is larger.

[0098] The MCU 83 obtains a value of the electrostatic
capacitance C by counting an oscillating number per unit time
obtained from the proximity-sensor circuit 71. As the prox-
imity sensor circuit 71 produces an error in the count number
due to an interference by electromagnetic wave as external
noise, it is desirable to ensure the area of the ground electrode
5 and the outside electrode 7 (the segmented electrodes 7A,
7B, 7C, 7D) as large as possible (lowering frequency) while
using a noise-removal software together, thereby improving
the S/N ratio. Nevertheless, because there is a limit to the area
incorporable into the infrared thermometer 1 and addition-
ally, the sampling has to be performed in a moment, it would
be less desirable to adopt a software enabling a sophisticated
noise reduction.

[0099] When the skin of the human body as an electrical
conductor approaches the proximity sensor 100, the electro-
static capacitance between the ground electrode 5 and the
electrode 7 increases, while the oscillating number per unit
time decreases. The larger the area of the ground electrode 5
and the electrode 7 is, the larger the electrostatic capacitance
gets. Accordingly, if it is within the area range of the ground
electrode 5 and the electrode 7 that can be used for the infra-
red thermometer 1, the distance from the sensor up to the
human skin can be obtained by the rate of change from the
release state of the proximity sensor 100, without affecting
the magnitude of the electrostatic capacitance.

[0100] “The release state of the proximity sensor 100" is
used to refer to such a condition that, during the period from
the power supply of the infrared thermometer 1 until the
access of the infrared thermometer 1 to the human skin, the
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infrared thermometer 1 is so far away from the human skin as
to be outside the predetermined designed-measurement dis-
tance range of the proximity sensor 100, namely, a situation
where the oscillating frequency F becomes a constant value.
With the subsequent access of the infrared thermometer 1 to
the human skin, when the human skin enters the predeter-
mined designed-measurement distance range of the proxim-
ity sensor 100 to cause the oscillating frequency F to be
changed from a so-called “open value in the oscillating fre-
quency F” in the release state, the Schmitt trigger CMOS
inverter Ul supplies an output signal A whose oscillating
frequency F changes to the MCU 83 for counting the oscil-
lating number. Then, based on the counting result, the MCU
83 calculates the distance between the measuring object por-
tion and the apex portion of the infrared thermometer 1.
[0101] The MCU 83 includes a reference table RT. The
MCU 83, as a controller, acquires a first distance between the
measuring object portion (e.g. forehead skin) and the seg-
mented electrode 7A of the electrode 7 of the proximity
sensor 100, a second distance between the measuring object
portion (e.g. forehead skin) and the segmented electrode 7B
ofthe electrode 7 of the proximity sensor 100, a third distance
between the measuring object portion (e.g. forehead skin) and
the segmented electrode 7C of the electrode 7 of the proxim-
ity sensor 100, and a fourth distance between the measuring
object portion (e.g. forehead skin) and the segmented elec-
trode 7D of the electrode 7 of the proximity sensor 100.
[0102] Thus, by comparing the first distance to the fourth
distance with each other, the MCU 83 judges, when measur-
ing the body temperature with use of the infrared thermom-
eter 1, whether or not the mortar-shaped portion 1C (the apex
portion 1B) of the main unit 1R of the infrared thermometer 1
1s directed to the human skin in an appropriate posture, by the
tilt angle of the mortar-shaped portion 1C. Then, if the mortar-
shaped portion 1C of the main unit 1R is inclined to the
human skin within a predetermined appropriate tilt-angle
range, then the MCU 83 refers to the reference table RT and
corrects the measured body temperature depending on the
magnitude of the tilt angle of the mortar-shaped portion 1C of
the main unit 1R to the human skin, thereby enabling a more
accurate body temperature to be measured. That is, depend-
ing on the tilt angle of the infrared thermometer 1 to the
human skin, the measurement area between the ground elec-
trode 5 and each of the segmented electrodes 7A, 7B, 7C, 7D
of the proximity sensor 100 changes to affect a measurement
of the body temperature. Therefore, the measured body tem-
perature has to be corrected in accordance with the magnitude
of the tilt angle when the mortar-shaped portion 1C is inclined
to the human skin.

[0103] In this way, depending on the tilt angle of the infra-
red thermometer 1 to the human skin, the measurement area
between the ground electrode 5 and each of the segmented
electrodes 7A, 7B, 7C, 7D of the proximity sensor 100
changes to affect a measurement of the body temperature. For
this reason, it is necessary to correct the measurement of the
body temperature by referring to the reference table RT.
[0104] As illustrated in FIG. 10, the outside electrode 7 of
the proximity sensor 100 is segmented to four segmented
electrodes 74, 7B, 7C, 7D by dividing it in the circumferen-
tial direction. Then, by grasping the distance at each unit
location of the segmented electrodes, it becomes possible to
grasp whether or not the tilt angle (posture) of the infrared
thermometer 1 to the skin is appropriate for the measurement
of body temperature.
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[0105] To obtain the distance between the infrared sensor 3
of the mortar-shaped portion 1C (the apex portion 1B) of the
main unit 1R of the infrared thermometer 1 and the human
skin, as illustrated in FI1G. 10, it is preferable that the ground
electrode 5 and the electrode 7 of the proximity sensor 100 are
arranged in an outer circumferential area (peripheral part) of
the infrared sensor 3 doubly and concentrically. The ground
electrode 5 is disposed on the inside of the sensor, while the
electrode 7is disposed on the outside concentrically. By using
the proximity sensor 100, the MCU 83 is capable of measur-
ing the body temperature in a non-contact state keeping a
certain distance from the human skin.

[0106] Next, the operation of the above-constructed infra-
red thermometer 1 will be described.

[0107] First, when turning on the power switch 13 of the
infrared thermometer 1 to supply an operating voltage from
the 3 volts battery 21 in the battery housing part 15 to the
infrared thermometer 1, the infrared sensor 3 and the prox-
imity sensor 100 of the infrared thermometer 1 start their
operation.

[0108] Then, when measuring the distance between the
human skin and the infrared thermometer 1, a measurer
pinches the concave portion 1A of the mortar-shaped infrared
thermometer 1 by fingers etc. and moves the mortar-shaped
portion 1C (the apex portion 1B) of the main unit 1R of the
infrared thermometer 1 closer to the human body, for
example, a forehead skin.

[0109] Then, the MCU 83 measures the first distance to the
fourth distance between the measuring object portion and the
proximity sensor 100 based on the electrostatic capacitances
between the ground electrode 5 and the segmented electrodes
7A,7B,7C, 7D of the electrode 7 of the proximity sensor 100
in the mortar-shaped portion 1C (apex portion 1B). In detail,
the proximity sensor 100 measures the first distance between
the measuring object portion (e.g. forehead skin) and the
segmented electrode 7A of the electrode 7 of the proximity
sensor 100, the second distance between the measuring object
portion (e.g. forehead skin) and the segmented electrode 7B
of the electrode 7 of the proximity sensor 100, the third
distance between the measuring object portion (e.g. forehead
skin) and the segmented electrode 7C of the electrode 7 of the
proximity sensor 100, and the fourth distance between the
measuring object portion (e.g. forehead skin) and the seg-
mented electrode 7D of the electrode 7 of the proximity
sensor 100.

[0110] During the period from the power supply of the
infrared thermometer 1 until the access of the infrared ther-
mometer 1 to the human skin, there always exists a release
state of the proximity sensor 100 where the oscillating fre-
quency F becomes a constant value since the infrared ther-
mometer 1 is so far away from the human skin as to be outside
the predetermined designed-measurement distance range of
the proximity sensor 10. Therefore, provided that an identical
value is maintained in the oscillating frequency F, the MCU
83 holds it as “open value in the oscillating frequency F”.
[0111] If the values from the first distance to the fourth
distance are included in the predetermined designed-mea-
surement distance range of the proximity sensor 10, the MCU
83 judges that it is possible to measure the body temperature.
Then, the MCU 83 displays that it is possible to measure the
body temperature the body temperature on the liquid crystal
display unit 11 and notifies it to the measurer.

[0112] With the subsequent access of the infrared ther-
mometer 1 to the human skin, when the human skin enters the
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predetermined designed-measurement distance range of the
proximity sensor 100 to cause the oscillating frequency F to
be changed from this “open value in the oscillating frequency
F” in the release state, the Schmitt trigger CMOS inverter Ul
supplies an output signal A whose oscillating frequency F
changes to the MCU 83 for counting the oscillating number.
Then, based on the counting result, the MCU 83 calculates the
distance between the measuring object portion and the apex
portion of the infrared thermometer 1.

[0113] The MCU 83 displays that the infrared thermometer
1 has approached the human skin and thus entered in the
predetermined designed-measurement distance range of the
proximity sensor 100, on the liquid crystal display unit 11 to
inform a “body-temperature measuring state”. Moreover, the
MCU 83 as the controller acquires the first distance between
the measuring object portion (e.g. forehead skin) and the
segmented electrode 7A of the electrode 7 of the proximity
sensor 100, the second distance between the measuring object
portion (e.g. forehead skin) and the segmented electrode 7B
of the electrode 7 of the proximity sensor 100, the third
distance between the measuring object portion (e.g. forehead
skin) and the segmented electrode 7C of the electrode 7 of the
proximity sensor 100, and the fourth distance between the
measuring object portion (e.g. forehead skin) and the seg-
mented electrode 7D of the electrode 7 of the proximity
sensor 100, and also compares the first distance to the fourth
distance with each other.

[0114] Thus, the MCU 83 judges whether or not the mortar-
shaped portion 1C (the apex portion 1B) of the main unit 1R
of the infrared thermometer 1 is directed to the human skin at
an appropriate tilt angle. Then, in use of the infrared ther-
mometer 1, if the main unit 1R is inclined to the human skin
within the predetermined appropriate tilt-angle range, then
the MCU 83 refers to the reference table RT and corrects the
measured body temperature depending on the magnitude of
the tilt angle, thereby enabling a more accurate body tempera-
ture to be measured.

[0115] Incidentally, as the infrared thermometer 1 is a non-
contact type, the measurer is ignorant of the time when the
body temperature was measured or whether or not the body
temperature has not been measured yet. Therefore, if the
body-temperature measurement was successful fairly, the
MCU 83 actuates the buzzer 180 for its sounding. Accord-
ingly, the measurer can recognize that the body-temperature
measurement was successful, reliably.

[0116] Thus, by using the proximity sensor 100, the infra-
red thermometer 1 can measure the distance up to the human
body as a subject and further detect the body temperature at an
optimum distance contactlessly.

[0117] Ifthe tilt angle of the mortar-shaped portion 1C (the
apex portion 1B) of the main unit 1R is greater than the
appropriate tilt-angle range, it is desirable that the MCU 83
allows the buzzer 180 to be sounded to call a measurer’s
attention to correcting of the tilt angle of the infrared ther-
mometer 1 to the human skin so that the infrared thermometer
1 takes a correct vertical posture (direction) to the human
skin. Additionally, the MCU 83 can allow the liquid crystal
display unit 11 to display that the infrared thermometer 1 is
being inclined at an inadequate tilt angle and furthermore, an
instruction item to change the present angle to an appropriate
tilt angle.

[0118] Atthe point in time when the mortar-shaped portion
1C (the apex portion 1B) of the main unit 1R is directed to the
human skin at an appropriate tilt angle, the MCU 83 acquires
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the tilt angle and the distance between the infrared thermom-
eter 1 and the human skin and subsequently corrects the body
temperature by using the “for-correction™ reference table
with respect to each tilt angle, which is prepared in advance,
thereby enabling an appropriate measurement of the body
temperature to be performed. The body temperature mea-
sured with use of the infrared sensor 3 can be displayed on the
liquid crystal display unit 11. The completion of measuring
the body temperature can be notified to the measurer by
lighting up the blue light emitting diode D2 and further
sounding the buzzer 180.

[0119] Incidentally, when the temperature measured with
use of the infrared sensor 3 is more than 28° C., this tempera-
ture can be regarded as the body temperature of the measuring
object portion in the human body. However, if the tempera-
ture is less than 28° C., then it is ignored on the assumption
that the infrared thermometer may touch any object (e.g.
clothes, hair) other than the human body or the infrared ther-
mometer may be placed on a desk.

[0120] Again, although the infrared sensor 3 is responsive
to conductive materials, it does not react to such as a desk
made from wood, plastic, or the like. Furthermore, the infra-
red sensor 3 reacts to a such as desk made from metal or the
like. Nevertheless, when the room temperature is not high, the
temperature at this time is be ignored since it desk does not
become as high as the body temperature.

[0121] As described above, according to the first embodi-
ment, the infrared sensor 3 of the infrared thermometer 1 is
capable of measuring the body temperature while avoiding
the contact with the human skin, namely, contactlessly. For
this reason, as the infrared thermometer 1 does not touch the
human skin as a subject being inspected, such as a baby, there
is no transfer in temperature during the contactless body-
temperature measurement, thereby allowing the body tem-
perature to be measured more precisely.

[0122] In the first embodiment, the infrared sensor 3 of the
infrared thermometer 1 measures the body temperature con-
tactlessly with the human skin and displays the body tem-
perature on the liquid crystal display unit 11. Therefore, it is
very effective in measuring the body temperature of a baby or
an infant who is apt to be constantly on the move when
measuring the body temperature, for example, a subject turn-
ing its back and refusing the measurement. That is, as such as
an infant or baby moves its face reflexively as soon as an
object touches, it is very effective that the infrared thermom-
eter 1 according to the first embodiment can measure the body
temperature contactlessly and it is possible to measure the
body temperature of such as an infant without failure, reliably
and simply.

[0123] Additionally, the infrared thermometer 1 has also a
function of converting the temperature of a forehead surface
to the temperature of an underarm for display. Then, it is
necessary to measure the temperature of the forehead surface
at a specific location, such as a forehead’s center. This is
because there is a need of measuring the temperature derived
from an artery in the vicinity of this region.

[0124] The infrared thermometer 1 according to the first
embodiment employs the infrared sensor 3 to measure the
body temperature in non-contact with a human body, and
includes the proximity sensor 100 for detecting that the main
unit 1R incorporating the infrared sensor 3 has approached
the human body, and the controller (MCU) 83 for calculating
the body temperature of the human body based on the quan-
tity of infrared from the infrared sensor 3 when the proximity
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sensor 100 detects that the main unit 1R has approached the
human body. The proximity sensor 100 includes the ground
electrode 5 and the multiple segmented electrodes 7 (7A, 7B,
7C, 7D) disposed around the grounding electrode 5, and the
controller 83 is constructed so as to measure the electrostatic
capacitances between the ground electrode 5 and the respec-
tive segmented electrodes 7A, 7B, 7C, 7D when approaching
the human body and also measure the distance between the
main unit 1R and the human body based on the electrostatic
capacitances, thereby detecting an inclination of the main unit
1R to the human body.

[0125] Thus, since the tilt angle of the main unit to the
human body is detected without touching the skin of the
human body as the subject (e.g. ababy), there is no transfer of
the body temperature during the measurement of the body
temperature in a non-contact state, so that it is possible to
measure the body temperature precisely with a precise orien-
tation of the main unit’s posture to the human body.

[0126] The controller (MCU) 83 includes the reference
table RT for correcting the measured body temperature and
corrects the previously measured temperature by referring to
the reference table RT from the obtained tilt angle. Even ifthe
main unit is inclined to the human body, the controller (MCU)
83 is capable of correcting the measured body temperature
corresponding to the tilt angle by referring to the reference
table RT and therefore, it is possible to measure the body
temperature more precisely.

[0127] The ground electrode 5 of the proximity sensor 100
is formed into a ring shape, while the multiple segmented
electrodes 7 (7A, 7B, 7C, 71D) are formed by dividing a
ring-shaped electrode on the outside of the ground electrode
5. Thus, since the electrostatic-capacitance type proximity
sensor 100 has a structure including the ground electrode and
the multiple segmented electrodes, there is ensured a degree
of freedom in design, so that the proximity sensor is easily
incorporated in an infrared thermometer.

[0128] Theinfrared thermometer includes the liquid crystal
display unit 11 as a notification unit that notifies such a
situation that the tilt angle of the main unit to the human body
exceeds a predetermined tilt angle and also notifies a comple-
tion of measuring the body temperature. Accordingly, a mea-
surer can recognize that the main unit is being inclined to the
human in an inappropriate posture through the notification
unit. Additionally, the measurer can recognize a situation
where the measurement of the body temperature has been
completed, certainly by a notification through the notification
unit.

[0129] Although one example of the present application
has been illustrated hereinbefore, needless to say, the present
application may be modified in any way.

[0130] For example. FIG. 11 illustrates a geometrical
example of the ground electrode 5 and the outside electrode 7
according to a modification of the first embodiment. By divid-
ing in the circumferential direction, the outside electrode 7 of
the proximity sensor 100 is segmented to three segmented
electrodes 7A, 7B, 7C as illustrated in FIG. 11.

[0131] Then, the main unit of the infrared thermometer 1
can detect a tilt angle to the skin by grasping respective
distances at each unit position of the segmented electrodes
and consequently correct the body temperature.

[0132] FIG. 12 illustrates a general connection example
between four segmented electrodes 7A, 7B, 7C, 7D and the
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MCU 83. Each of the segmented electrodes 7A, 7B, 7C, 7D is
connected to a counter 98 in the MCU 83 through a self-
exciting oscillator 99.

[0133] The notification unit may be formed by an organic
EL display unit, a speaker, or the like without being limited to
the liquid crystal display unit 11 or the buzzer 180.

Second Embodiment

[0134] An infrared thermometer 1 according to a second
embodiment will be described with reference to FIGS. 13 to
27.

[0135] Asillustrated in F1G. 13, the infrared thermometer 1

according to the second embodiment includes the cover 200.
The cover 200 is configured so as to be slightly-vertical bar-
rel-shaped. Owing to this configuration, it is easy for a mea-
surer to pinch the concave portion 1A etc. which is slightly
recessed at the center of the cover 200, by fingers. Then, the
measurer is supposed to pinch the concave portion 1A of the
cover 200 of the infrared thermometer 1 and also measure a
body temperature in no contact, at a position closer to a
measuring target whose body temperature is to be measured,
for example, a human skin positioned at the central part of a
forehead of a human body, such as a baby’s body.

[0136] Consequently, the infrared thermometer 1 is in no
contact with the human skin. In other words, as the infrared
thermometer does not touch a skin of a human body (e.g.
baby) as a subject being inspected, there is no possibility that
heat (body temperature) is transferred from the skin to the
infrared thermometer 1, so that it is possible to measure more
accurate body temperature.

[0137] As illustrated in FIG. 13, the substantially central
portion of the front side of a main unit 1R of the infrared
thermometer 1, that is, the substantially central portion of the
apex portion 1B of the cover 200, which is directed downward
to the right as illustrated in FIG. 13, is recessed in a mortar
shape to constitute the mortar-shaped portion 1C. The infra-
red sensor 3 and a distance sensor 300 are attached to the
recessed portion at the center of the mortar-shaped portion
1C.

[0138] As illustrated in FIG. 14, a circuit board 250 is
disposed inside the apex portion 1B of the infrared thermom-
eter 1. The circuit board 250 is equipped with the infrared
sensor 3 for measuring the body temperature and the distance
sensor 300 for measuring the distance between the measuring
object portion of the human body and the apex portion 1B of
the infrared thermometer 1. In the circuit board 250, the
distance sensor 300 is arranged around the infrared sensor 3.

[0139] As illustrated in FIG. 14, the circuit board 250 is
fixed to a leading end 241 of an inner structure 240. That is,
the circuit board 250 is arranged in the apex portion 1B of the
main unit 1R. Thus, it is possible to orientate the distance
sensor 300 and infrared sensor 3 on the circuit board 250 to
the measuring object portion of the human body, for example,
a baby’s forehead skin, easily without being disturbed by
other elements. Therefore, it is possible to measure the dis-
tance between the leading end 241 of the inner structure 240
and the human skin, such as a forehead, and the quantity of
infrared from the human skin (e.g. forehead) directly.

[0140] The circuit board 250 is electrically connected to a
controller (the controller 150 illustrated in FIG. 17) arranged
in the inner structure 240 with use of e.g. a flexible wiring
board 242. The distance sensor 300 can detect an approach
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distance of the infrared sensor 3 to the measuring object
portion of the skin, such as a forehead of the human body,
contactlessly and precisely.

[0141] Thedistance sensor 300 is also called to as “distance
measuring sensor”. For example, when measuring the body
temperature of a baby, the measurer moves the infrared sensor
3 and distance sensor 300 of the infrared thermometer 1 closer
to the skin, such as a human forehead. Thus, in a position
where the distance sensor 300 provided in the mortar-shaped
portion 1C has measured the distance between the sensor and
the human skin precisely, the quantity of infrared from the
human body is detected by the infrared sensor 3 in a non-
contact state of not allowing the infrared thermometer 1 to
make contact with the human skin. The body temperature can
be obtained since the controller calculates the body tempera-
ture from the quantity of infrared detected.

[0142] Asillustratedin FIG. 15A, the infrared thermometer
1 is provided, on its rear surface, with the liquid crystal
display unit 11 as a notification unit for displaying the body
temperature and notifying a necessary alarm. The liquid crys-
tal display unit 11 is provided, on its upper side, with the
power switch 13 having a broad pressing surface. If the power
switch 13 is operated and turned on, then the infrared ther-
mometer 11s activated to measure the body temperature in no
contact with the measuring object portion of the human body
and display the numerical value of the so-measured body
temperature on the liquid crystal display unit 11.

[0143] As illustrated in FIG. 15B, the cover 200 of the
infrared thermometer 1 is provided, on a side surface of the
concave portion 1A, with the battery housing part 15. By
accommodating a battery (i.e. a battery 221 illustrated in FIG.
17), such as a button battery with a voltage from 1.5 volts to
3 volts, in the battery housing part 15 and subsequently fast-
ing a lid to the housing part by a screw, the resulting arrange-
ment functions as a power supply of the infrared thermometer
1, so that it becomes operable.

[0144] As illustrated in FIG. 15C, in the mortar-shaped
portion 1C (the apex portion 1B) of the main unit 1R, there are
concentrically arranged the infrared sensor 3 and the distance
sensor 300 around the infrared sensor 3.

[0145] Next, a preferred structural example of the distance
sensor 300 will be described with reference to FIGS. 16 to0 21,
in detail.

[0146] Asillustrated in FIG. 16, the distance sensor 300 for
distance measurement and the infrared sensor 3 for tempera-
ture measurement are mounted on one surface 250A of the
circuit board 250. As illustrated in FIG. 17, the circuit board
250 is electrically connected to the controller 150 by use ofa
flexible wiring board 242. Although the illustrated circuit
board 250 is formed by e.g. a square-shaped substrate, the
shape of the circuit board 250 may be circular alternatively.
The infrared sensor 3 is fixed to the circuit board 250 at its
center position and along a center axis CL. The distance
sensor 300 is fixed, around the infrared sensor 3, to the circuit
board concentrically with the infrared sensor 3, around the
center axis CL as a center.

[0147] Incidentally, although a conventional thermometer
for measuring the body temperature in a direct-contact state
with a skin has a constant measurement distance due to its
direct contact with the skin, the transfer of a heat occurs
between a thermometer’s main body and the skin, causing an
error to be contained in a value to be measured originally.
[0148] Therefore, the infrared thermometer 1 according to
the second embodiment requires the distance sensor 300 for
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measuring the distance up to the skin in a non-contact state in
view of measuring the body temperature at a given distance
from the skin in a non-contact state. If leaving the measure-
ment distance to a measurer’s procedure, such a method could
be a factor of producing an error in the measured value when
measuring the body temperature. Therefore, in order to elimi-
nate the factor of producing this error, the infrared thermom-
eter 1 is adapted so as to be enable a distance between the
main unit 1R and the human skin (target TG) to be precisely
measured by the distance sensor 300, as illustrated in FIG. 21.
[0149] As illustrated in F1G. 21, the distance sensor 300 is
an optical sensor and projects light L to a skin as the target TG.
Then, a light receiving sensor 302 receives the quantity (in-
tensity) of return light LR (reflection light) of the light [ and
transmits a light reception signal RS to the controller 150.
Accordingly, the controller 150 calculates a measurement
distance from the magnitude of a signal-level value of the
light reception signal RS based on the magnitude of the quan-
tity of return light LR.

[0150] As illustrated in FIG. 16, the distance sensor 300
includes a light source 301, the light receiving sensor 302, a
projector lens 311, and a light receiving lens 312. As illus-
trated in FIG. 17, the light source 301 and the light receiving
sensor 302 are secured at mutually-opposed symmetrical
positions by pinching the infrared sensor 3. A distance D
between the light source 301 and the infrared sensor 3 and a
distance D between the light receiving sensor 302 and the
infrared sensor 3 (=5/2) are set equal to each other. In FIG. 21,
an arrangement interval between the light source 301 and the
light receiving sensor 302 is indicated with “S”. Although the
arrangement interval S takes a value of e.g. 12 mm, the value
is not particularly limited.

[0151] For example, a light emitting diode (LED) may be
used as the light source 301. For the light that the light source
301 emits, it is desirable to use near-infrared light other than
visible light in order to facilitate a distinction from external
light as disturbance light. For the light receiving sensor 302,
there is available, for example, a photodiode capable of
receiving the near-infrared light. Preferably, the light source
301 is not turn on all the time but flashes at regular intervals.
Inthis case, a difference between light quantity at light-on and
light quantity at light-out is regarded as received light quan-
tity (returning amount). Then, this received light quantity is
converted to a distance between the infrared thermometer 1
and the human skin.

[0152] Asillustrated in FIGS. 16 and 17, both the projector
lens 311 and the light receiving lens 312 are composed of
semi-circular arc-shaped lenses. As illustrated in FIGS. 19
and 20, the projector lens 311 and the light receiving lens 312
are fixed on the circuit board 250 so as to face each other at a
distance G. Plastic lenses, for example, acrylic lenses are
available for the projector lens 311 and the light receiving lens
312, preferably. The acrylic lens has a refractive index of
1.49, provided the refractive index of air is 1.0.

[0153] As illustrated in FIG. 17 which illustrates a cross-
section indicated with aline A-A of FIG. 16, the projector lens
311 s provided, at the middle position, with a tip 311A which
is inclined so as to lower toward the outside at an angle P6.
Similarly, the light receiving lens 312 is provided, at the
middle position, with a tip 312A which is inclined so as to
lower toward the outside at an angle P6.

[0154] Additionally, as illustrated in FIG. 18 which illus-
trates a cross-section indicated with a line B-B of FIG. 16, the
projector lens 311 is provided, at its left and right ends, with
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tips 311B each of which is inclined so as to lower toward the
outside at an angle Q6. Similarly, the light receiving lens 312
is provided, at its left and right ends, with a tip 312B each of
which s inclined so as to lower toward the outside at an angle
Q6. The angle P9 is greater than the angle Q6.

[0155] As illustrated in FIG. 17, the light source 301 is
arranged so as to face a rear end 311C of the tip 311A at the
middle position (center position) of the projector lens 311.
This rear end face 311C is formed with a first concave-lens
portion 311D for receiving the light emitted from the light
source 301. The light emitted from the light source 301 can be
received by the first concave-lens portion 311D, then trans-
mitted through the projector lens 311 and finally projected
from the tip of the projector lens 311. The first concave-lens
portion 311D is opposed to the light source 301.

[0156] As illustrated in FIG. 17, the light receiving sensor
302 is arranged so as to face a rear end 312C at the middle
position (center position) of the light receiving lens 312. The
rear end face 312C is formed with a second concave-lens
portion 312D. The second concave-lens portion 312D allows
the light receiving sensor 302 to receive the return light LR
transmitted through the light receiving lens 312. The second
concave-lens portion 312D is opposed to the light receiving
sensor 302.

[0157] As illustrated in FIGS. 16 and 19, the projector lens
311 and the light receiving lens 312 are fixed to the circuit
board 250 so as to concentrically surround around the center
line CL as the center of the infrared sensor 3 while leaving a
space.

[0158] Here, the configurations of the projector lens 311
and the light receiving lens 312 will be described in more
detail.

[0159] As illustrated in FIG. 20, the tip 311A at the middle
position of the projector lens 311 is slanted with a predeter-
mined angle (the angle P8 illustrated in FIG. 17). This angle
changes gradually as advancing from the tip 311A at the
middle position up to the tips 311B of the left and right ends
along the semicircular periphery. Consequently, at the tips
311B of the left and right ends of the projector lens 311, the
angle is reduced to an angle Q8, as also illustrated in FIG. 18.

[0160] Similarly, the tip 312A at the middle position of the
light receiving lens 312 is slanted with a predetermined angle
(the angle PO illustrated in FIG. 17). This angle changes
gradually as advancing from the tip 312 A at the middle posi-
tion up to the tips 312B of the left and right ends along the
semicircular periphery. Consequently, at the tips 312B of the
left and right ends of the light receiving lens 312, the angle is
reduced to an angle QO, as illustrated in F1G. 18.

[0161] Thus, as the projector lens 311 is constructed so that
its projection angle (emission angle) changes from the angle
PO to theangle Q0 along the semicircular profile successively,
the light L transmitted through the projector lens 311 can
focus at a position PP of FIG. 21 where the center axis CL
intersects with the target TG.

[0162] Additionally, the light receiving lens 312 is also
constructed so that its light receiving angle (incident angle)
changes from the angle P to the angle Q6 along the semicir-
cular profile successively. Thus, the light receiving lens 312 is
adapted so that even if the return light LR from the target TG
diffuses at the reflection on the position PP (skin) of F1G. 21
where the center axis CL intersects with the target TG, the
light receiving lens 312 could allow an incidence of the dif-
fused return light LR successfully.
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[0163] Inthis way, the tip 311A of the projector lens 311 is
shaped so that any light L transmitted through the projector
lens 311 passes through the position PP where the central axis
CL intersects with the target TG. Although the light L is
projected from an area extending from the center position
(middle position) 311A of the projector lens 311 up to theleft
and right tips 311B, the light [ transmitted through the center
position (middle position) 311A of the projector lens 311
passes through the position PP of the central axis L in the
shortest run, while the distance up to the position PP gets
longer as advancing to the right/left tips 311B of the projector
lens 311.

[0164] Although the return light LR reflected by the target
TG diffuses, the diffused return light LR is incident on the
light receiving lens 312 in an area extending from the center
tip 312A up to the tips 312B at the right/left ends and finally
received by the light receiving sensor 302 through the second
concave-lens portion 312D.

[0165] Thus, when allowing the light L emitted from the
light source 301 to be reflected by the skin and then allowing
the return light LR to be received by the light receiving sensor
302, the controller 150 can detect a change in the quantity of
received light, as a change in distance with a high precision.
[0166] As illustrated in FIG. 21, it illustrates a situation
where the light L from the light source 301 is reflected by the
target TG, for example, the surface of a baby’s skin and
subsequently received, as the return light LR, by the light
receiving sensor 302. As illustrated in FIG. 21, the light L
from the light source 301 is transmitted through the projector
lens 311. Subsequently, through a focal length FC, the trans-
mitted light is converged and reflected on the surface of the
baby’s skin as a target surface, namely, the position PP where
the center axis CL intersects with the target TG. After passing
through the focal length FC, the reflected return light LR is
transmitted through the light receiving lens 312 and received
by the light receiving sensor 302.

[0167] FIG. 22 illustrates an example of the case that the
focal length FC at the tip 311 A of the middle position of the
projector lens 311 and at the tip 312A of the middle position
of the light receiving lens 312 is 50 mm. In this case, the
refraction angle 01 for the light L and the return light LR is,
for example, 20.313°, while the incident angle 62 at that time
is 13.47°.

[0168] Additionally, FIG. 23 illustrates an example of the
case that the focal length FC at the tip 311A of the middle
position of the projector lens 311 and at the tip 312A of the
middle position of the light receiving lens 312 is 100 mm. In
this case, the refraction angle 61 for the light L and the return
light LR is, for example, 10.344°, while the incident angle 62
at that time is 6.910.

[0169] In FIGS. 22 and 23, there are schematically illus-
trated the refraction angle 01 of the projector lens 311 and the
light receiving lens 312, and respective positions of the light
L and the return light LR appearing on the target TG at that
time.

[0170] In the examples of FIGS. 22 and 23, the focal
lengths FC of the projector lens 311 and the light receiving
lens 312 are, for example, 50 mm and 100 mm, respectively.
Without being limited to these examples, however, the focal
length FC of the projectorlens 311 and the light receiving lens
312 may be set in the range from 1 mm at minimum to 200
mm at maximum, preferably.

[0171] The focal length FC less than 1 mm is not desirable
because the infrared thermometer 1 is brought into contact
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with the skin. Further, if the focal length FC is greater than
200 mm, it becomes difficult to measure the body temperature
since the quantity of infrared from the skin gets too smaller.
That is, although the maximum of the measurable predeter-
mined focal length FC illustrated in FIG. 21 is proportional to
the outside diameters (radius) of the projector lens 311 and
the light receiving lens 312, the focal length FC can be set to
200 mm at maximum in consideration of the size of the
distance sensor 300 installable in the infrared thermometer 1
and the light quantity that can be secured.

[0172] The measurement is based on the premise that the
focal length FC is proportional to the light quantity of the
returned light LR. However, if the focal length FC is long, the
light is diffused and attenuated to cause the light quantity of
the return light LR to be reduced. Thus, under the large focal
length FC, the attenuvation of the light quantity of the return
light LR becomes too large, so that the difference between the
return light LR and the external light gets smaller. For this
reason, with use of the projector lens 311 and the light receiv-
ing lens 312 disposed opposite with each other on the circuit
board 250, this embodiment adopts the structure where the
light L projected from the projector lens 311 is reflected by
the target TG and thereafter, the return light LR from the
position PP of the target TG is received by the light receiving
sensor 302 through the light receiving lens 312.

[0173] Since there is a restriction in the capacity of the
battery 221 installable in the compact infrared thermometer 1,
the structure of the distance sensor 300 is considered so as to
perform a contactless measurement of the body temperature
with power saving and high accuracy. The distance sensor
300 of the compact infrared thermometer 1 can ensure a
sufficient brightness against the external light, provided that
the electrical power can be secured sufficiently.

[0174] Next, the operation of the infrared thermometer 1
will be described.

[0175] First, when turning on the power switch 13 of the
infrared thermometer 1 to supply an operating voltage from
the 3 volts battery 221 arranged in the battery housing part 15
to the infrared thermometer 1, the infrared sensor 3 and the
distance sensor 300 of the infrared thermometer 1 start their
operation by a command of the controller 150.

[0176] Next,in measuring the temperature of a human body
(e.g. forehead skin), a measurer pinches the concave portion
1A of the mortar-shaped infrared thermometer 1 by fingers
etc. in order to measure the distance between the human skin
and the infrared thermometer 1 and moves the mortar-shaped
portion 1C (the apex portion 1B) of the main unit 1R of the
infrared thermometer 1 closer to the human body (e.g. fore-
head skin). As illustrated in FI1G. 21, the light L, from the light
source 301 is transmitted through the projector lens 311 and
projected toward the human body (e.g. forehead skin) as the
target TG.

[0177] Then, as illustrated in FIG. 21, when the distance
sensor 300 approaches the target TG so that the light L from
the light source 301 is focused on the target TG through the
projector lens 311, this light L is reflected by the target TG
and subsequently received, as the return light LR, by the light
receiving sensor 302 through the light receiving lens 312.
[0178] As illustrated in FIG. 21, when the light L from the
light source 301 is focused on the target TG at the predeter-
mined focal length FC (e.g. 50 mm) through the projector lens
311, the quantity of light received by the light receiving
sensor 302 becomes maximum in comparison with a case that
the distance between the distance sensor 300 of the infrared
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thermometer 1 and the target TG is not the predetermined
focal length FC (e.g. 50 mm). Thus, in the controller 150, the
signal-level value of the light receiving signal RS transmitted
from the light receiving sensor 302 to the controller 150 is
maximized. In connection, the case that it is not the predeter-
mined focal length FC means a situation where the distance
between the distance sensor 300 of the infrared thermometer
1 and the target TG is not e.g. 50 mm, that is, the infrared
thermometer 1 is further away from the skin than 50 mm or
closer to the skin than 50 mm.

[0179] On detection of the signal-level value of the light
receiving signal RS, the controller 150 allows the liquid crys-
tal display unit 11 to display that it is possible to measure the
body temperature and notifies a measurer. That is, when the
infrared thermometer 1is located in an appropriate measuring
position with respect to the human skin, the measurer is
informed of “body-temperature measuring state”. Then, the
controller 150 calculates the body temperature of the human
body based on the quantity of infrared from the infrared
sensor 3, which is obtained by a body-temperature measure-
ment signal TK from the infrared sensor 3, at the time when
the signal-level value of the light receiving signal RS trans-
mitted from the light receiving sensor 302 to the controller
150 is maximized. In this way, it is possible to acquire a
measured value of the body temperature.

[0180] Note that the measurer is ignorant of whether or not
the body temperature has been measured correctly. There-
fore, if the body-temperature measurement has been success-
ful fairly, the controller 150 actuates notification means (e.g.
the buzzer 180) for its sounding and allows the liquid crystal
display unit 11 to display the fact that the body-temperature
measurement was successful. Accordingly, the measurer can
reliably recognize that the body-temperature measurement
was successful, in the manner of sight and hearing.

[0181] In this way, by using the distance sensor 300, the
infrared thermometer 1 can measure the distance up to the
human body as a subject correctly and thus detect the body
temperature contactlessly while separating the infrared sen-
sor 3 from the human body at an optimum distance.

[0182] Incidentally, when the temperature measured with
use of the infrared sensor 3 is more than 28° C., this tempera-
ture can be regarded as the body temperature of the measuring
object portion in the human body. However, if the tempera-
ture is less than 28° C., the controller 150 ignores the tem-
perature on the assumption that the infrared thermometer may
touch any object (e.g. clothes, hair) other than the human
body or the infrared thermometer may be placed on a desk.

[0183] Although the infrared sensor 3 is responsive to con-
ductive materials, it does not react to such as a desk made
from wood or plastic. Furthermore, the infrared sensor 3
reacts to such as a desk made from metal or the like. Never-
theless, when the room temperature is not high, the tempera-
ture at this time is ignored since it does not become as high as
the body temperature.

[0184] As described above, according to the second
embodiment, the infrared sensor 3 of the infrared thermom-
eter 1 is capable of measuring the body temperature while
avoiding the contact with the human skin, in other words,
contactlessly. For this reason, as the infrared thermometer 1
does not touch the human skin as a subject, such as a baby,
there is no transfer in temperature during the contactless
body-temperature measurement, thereby allowing the body
temperature to be measured more precisely.
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[0185] In the second embodiment, the infrared sensor 3 of
the infrared thermometer 1 measures the body temperature
contactlessly with the human skin and displays the body
temperature on the liquid crystal display unit 11. Therefore, it
is very effective in measuring the body temperature of a baby
or an infant who is apt to be constantly on the move when
measuring the body temperature, for example, a subject turn-
ing its back and refusing the measurement. That is, as an
infant or baby etc. moves its face reflexively as soon as an
object touches, it is very effective that the infrared thermom-
eter 1 according to the second embodiment can measure the
body temperature contactlessly and it is possible to measure
the body temperature of the infant etc. without failure, reli-
ably and simply.

[0186] Additionally, the infrared thermometer 1 has also a
function of converting the temperature of a forehead surface
to the temperature of an underarm for display. Then, it is
necessary to measure the temperature of the forehead surface
at a specific location, such as a forehead’s center. This is
because there is a need of measuring the temperature derived
from an artery in the vicinity of this region.

[0187] Next, preferred examples in the shape of the dis-
tance sensor 300 of the infrared thermometer 1 according to
the second embodiment will be described with reference to
FIGS. 24 to 27.

[0188] FIG. 24 illustrates a preferred example in the shape
of the distance sensor 300. In the distance sensor 300, the
profiles of the tips of a projector lens 311L and a light receiv-
ing lens 3121 are inclined at constant angles from their center
positions up to the left and right positions so as to allow their
focal lengths to be fixed to 50 mm, respectively. In FIG. 24,
there is illustrated an example of optical paths of the light L.
from the projector lens 3111 and the return light LR reflected
by the target TG at the position of 50 mm.

[0189] The projector lens 3111 and the light receiving lens
312L have respective top-surface profiles (tip shapes) allow-
ing fixed lengths of 50 mm in the focal length to be measured
respectively. The tip of the projector lens 311L and the tip of
the light receiving lens 312L are inclined at the same angle,
continuously from respective center positions up to their left
and right positions. In the projector lens 3111 and the light
receiving lens 3121, accordingly, their tip positions 311LA,
312LA at the center positions are inclined so as to lower
toward the outside at an angle P1. In the projector lens 3111
and the light receiving lens 3121, additionally, their tip posi-
tions 311LA, 3121 A at the left and right ends are inclined so
as to lower toward the outside at an angle Q1. The angle P1 is
set equal to the angle Q1 (i.e. P1=Q1).

[0190] In this case, despite that the projector lens 3111 and
the light receiving lens 3121 have their focal lengths fixed at
50 mm respectively, there exists a return light even outside of
50 mm due to diffusion or diffused reflection of light. Never-
theless, it is possible to recognize the distance of around 50
mm by the intensity of light.

[0191] Next, FIG. 25 illustrates another preferred example
in the shape of the distance sensor 300. In the distance sensor
300, the profiles of the tips of the projector lens 311 and the
light receiving lens 312 are continuously-changed smoothly
so that their respective focal lengths (focuses) become 50
mm-100 mm. In FIG. 25, there is illustrated an example of
optical paths of the light [, from the projector lens 311 and the
returnlight LR reflected by the target TG at the positions of 50
mm and 100 mm.
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[0192] The projector lens 311 and the light receiving lens
312 have respective top-surface profiles (tip shapes) allowing
respective focal lengths to be measured in the range from 50
mm to 100 mm. The tip of the projector lens 311 and the tip of
the light receiving lens 312 are inclined so as to continuously
change from respective tips 311A, 312A at the center posi-
tions up to their left and right positions 311B, 312B smoothly.
In the projector lens 311 and the light receiving lens 312,
accordingly, their tips 311A, 312A at the center positions are
inclined so as to lower toward the outside at an angle P6. Inthe
projector lens 311 and the light receiving lens 312, addition-
ally, their tips 311B, 312B at the left and right ends are
inclined so as to lower toward the outside at an angle Q6. The
angle P8 is set greater than the angle Q8 (i.e. P6>Q9).
[0193] In this way, the profiles of the tips of the projector
lens 311 and the light receiving lens 312 are continuously and
smoothly changed from the tips at the center position up to the
leftand right end positions so as to allow their focal lengths to
be measured in the range from 50 mm to 100 mm, respec-
tively. In the relationship between the angle P1 illustrated in
FIG. 24 and the angle PO illustrated in FIG. 25, there is
established an equality of angles P1=P8. In the relationship
between the angle Q1 illustrated in FIG. 24 and the angle Q0
illustrated in FIG. 25, there is established an inequality of
angles Q1>Q0.

[0194] Then, in the tip profiles of the projector lens 311 and
the light receiving lens 312, the angle P8 is set so that respec-
tive focal lengths become 50 mm, while the angle QO is set so
that respective focal lengths become 100 mm. Between the
angle PO and the angle QO, the angle changes smoothly and
continuously. As for the setting range of this focal length,
assuming that the minimum focal length (50 mm) corre-
sponds to a single-point position at the center in the profiles of
the tips of the projector lens 311 and the light receiving lens
312, the angle is distributed toward the left and right positions
in the tip profiles of the projector lens 311 and the light
receiving lens 312 so that the focal length exceeds SO mm and
reaches 100 mm. This is because of the following reasons.
That s, if the focal length is long, then a reach distance is
prolonged to attenuate the light I.. Therefore, by allowing the
light L projected from the projector lens 311 to be reflected by
the target TG and returning the return light LR to the tip side
of the light receiving lens 312 from two directions, it is
intended to ensure the quantity of received light. Incidentally,
when the light L is sufficiently strong, there is no need of
returning the return light LR toward the tip of the light receiv-
ing lens 312 from two directions.

[0195] FIG. 26 illustrates yet another preferred example in
the shape of the distance sensor 300. In the distance sensor
300, the profiles of the tips of the projector lens 311P and the
light receiving lens 312P are changed stepwise so that their
respective focal lengths (focuses) become 50 mm-100 mm. In
FIG. 26, there is illustrated an example of optical paths of the
light L from the projector lens 311P and the return light LR
reflected by the target TG at the positions of 50 mm and 100
mm.

[0196] The projector lens 311P and the light receiving lens
312P have respective top-surface profiles (tip profiles) allow-
ing respective focal lengths to be measured within the range
from 50 mm to 100 mm. The tip of the projectorlens 311P and
the tip of the light receiving lens 312P are inclined so as to
change from respective center portions up to their left and
right positions in a stepwise shape. In the projector lens 311P
and the light receiving lens 312P, accordingly, their tip posi-
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tions 311PA, 312PA at the center positions are inclined so as
to lower toward the outside at an angle P3. In the projector
lens 311P and the light receiving lens 312P, additionally, their
tip positions 311PB, 312PB at the left and right ends are
inclined so as to lower toward the outside at an angle Q3.

[0197] Therelationship between the angle P3 and angle Q3
is set to P3>Q3. Thus, the tip profiles of the projector lens
311P and the light receiving lens 312P vary in a stepwise
shape by providing a plurality of steps from the tips at the
center positions up to the tips in the left and right positions so
as to allow respective focal lengths to be measured within the
range from 50 mm to 100 mm. Note that, in the relationship
among the angle P1 illustrated in FIG. 24, the angle P6
illustrated in FIG. 25, and the angle P3 illustrated in FIG. 26,
there is established an equality of angles P1=P6=P3. Addi-
tionally, the relationship between the angle Q8 illustrated in
FIG. 25 and the angle Q3 illustrated in FIG. 26 is represented
by an equality of angles Q6=Q3.

[0198] In this case, the tip profiles of the projector lens
311P and the light receiving lens 312P illustrated in FIG. 26
vary in a stepwise shape so that respective focal lengths
change from 50 mm at the angle P3 toward 100 mm at the
angle Q3, respectively. As for the setting range of this focal
length, assuming that the minimum focal length (50 mm)
corresponds to a single-point position at each center in the tip
profiles of the projector lens 311P and the light receiving lens
312P, the angle is distributed toward the left and right posi-
tions in the tip profiles of the projector lens 311P and the light
receiving lens 312P.

[0199] FIG. 27 A illustrates respective inclinations of center
step parts DA of the tip, FIG. 27B illustrated respective incli-
nations of step parts DB outside the center step parts DA of
the tips, and FIG. 27C illustrates respective inclinations of
step parts DC on either side of the tips. The relationship
among the angle P3 of the center step parts DA, the angle R3
of the step parts DB and the angle Q3 of the left and right step
parts DC of the tips is represented by an inequality of angles
P3>R3>Q3. The reason why such a structure is adopted is
because of the following reasons. That is, if the focal length is
long, then a reach distance is prolonged to attenuate the light
L. Therefore, by allowing the light I projected from the
projector lens 311P to be reflected by the target TG and
returning the return light LR to the tip of the light receiving
lens 312P from two directions, it is intended to ensure the
quantity of received light.

[0200] Inthe stepwise tip profiles ofthe projector lens 311P
and the light receiving lens 312P illustrated in FIG. 26, they
includes steps for every e.g. 10 mm in focal length and are
adapted so as to enable the received light quantity of the return
light LR to be ensured since the area of these steps is gradu-
ally broadened as advancing from the center position toward
the positions of the left and right ends. The received light
quantity of the return light LR can be controlled by designing
of the area of the step parts. However, if the received light
quantity of the return light LR is sufficiently strong, it is not
necessary to return the return light LR to the tip of the light
receiving lens 312P from two directions and therefore, there
is no need of designing the area of the step parts.

[0201] As the distance sensor 300 illustrated in FIGS. 25
and 26 has a single light receiving sensor 302 (see FIG. 16) on
the side of the light receiving lens, the change in distance must
be regarded as a change in light quantity. Therefore, it
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becomes important to control the light quantity of the return
light LR by the design of the tip profiles of the projector lens
and the light receiving lens.

[0202] For the distance sensor 300, additionally, there may
be adopted a combination structure composed of the projector
lens and the light receiving lens illustrated in FIGS. 24 to 26.
That is, although the arrangement illustrated in FIG. 24 is
adapted so as to recognize around a design value by diffusion
or irregular reflection of light, its recognition range is narrow.
Thus, by combining the projector lens and the light receiving
lens illustrated in FIGS. 24 to 26, it is possible to obtain a
projector lens and a light receiving lens each having a certain
range of focal length.

[0203] The infrared thermometer 1 of the second embodi-
ment is capable of measuring the body temperature without
contact to the human body and includes the main unit 1R
incorporating the infrared sensor 3, the distance sensor 300
for detecting the distance between the main unit 1R and the
human body when the main unit 1R approaches the human
body and the controller 150 for calculating the body tempera-
ture of the human body based on the quantity of infrared from
the infrared sensor 3 when it is detected through the distance
sensor 300 that the distance between the main unit 1R and the
human body becomes equal to a predetermined distance (the
focal lengths FC of the projector lens 311 and the light receiv-
ing lens 312). The distance sensor 300 includes the light
source 301 that emits the light L, the projector lens 311 for
projecting the light [ of the light source 301 toward the
human body, the light receiving sensor 302 and the light
receiving lens 312 that allows the light receiving sensor 302 to
receive the return light LR of the projected light L, which is
obtained as a result of being reflected by the human body,
when the main unit 1R is located at the predetermined dis-
tance (FC).

[0204] Consequently, when the main unit is located at the
predetermined distance, the infrared thermometer 1 allows
the light receiving sensor to receive the return light of the
projected light, which is obtained as a result of being reflected
by the human body and calculates the body temperature of the
human body based on the quantity of infrared from the infra-
red sensor 3 at the predetermined distance. Thus, the infrared
thermometer, despite its simple structure, does not touch the
skin of the human body as the subject (e.g. baby). Therefore,
there is no transfer of the body temperature during the mea-
surement of the body temperature in a non-contact state, so
that it is possible to measure the body temperature precisely.
[0205] In the infrared thermometer 1, both the projector
lens 311 and the light receiving lens 312 are composed of
semi-circular arc-shaped lenses in common. Thus, by adopt-
ing semi-circular arc-shaped lenses for the projector lens 311
and the light receiving lens 312 together, it is possible to
arrange the infrared sensor 3 between the projector lens and
the light receiving lens. Therefore, the layout of the infrared
sensor 3 in the main unit 1R is easy and accordingly, minia-
turization of the main unit 1R can be carried out.

[0206] The infrared thermometer 1 includes the circuit
board 250 on which the projector lens 311, the light receiving
lens 312 and the infrared sensor 3 are mounted. In the infrared
thermometer 1, the infrared sensor 3 is arranged between the
projector lens 311 and the light receiving lens 312, and the
projector lens 311 and the light receiving lens 312 are
arranged at symmetrical positions with respect to the center
axis CL passing through the infrared sensor 3, as a center. As
a result, without being obstructed by the projector lens 311
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and the light receiving lens 312, the infrared sensor 3 can
receive infrared radiation from the human body through an
interval between the projector lens 311 and the light receiving
lens 312.

[0207] Inthe infrared thermometer 1, the circuit board 250
mounting the projector lens 311, the light receiving lens 312
and the infrared sensor 3 is disposed in the apex portion 1B of
the main unit 1R. Thus, it is possible to direct the distance
sensor 300 and the infrared sensor 3 of the circuit board 250
to the measuring object portion of the human body, for
example, a skin of a baby’s forehead etc. easily and also
possible to measure the distance between the apex portion
241 of the inner structure 240 and the skin of the forehead etc.
and the quantity of infrared from the skin of the forehead etc.
directly without being obstructed by the other elements. The
body temperature can be measured by moving the apex por-
tion of the main unit closer to the human body.

[0208] To use the relationship between the received light
quantity and the distance contributes to a removal of indi-
vidual differences in manufacturing the infrared thermom-
eters, allowing the accuracy of body-temperature measure-
ment by the infrared thermometer to be ensured.

[0209] Although one example has been illustrated herein-
before, it is needless to say that the present application may be
modified in any way.

[0210] As for the notification means, it is not limited to the
liquid crystal display 11 or the buzzer 180, but may be an
organic EL display unit, a speaker or the like.

What is claimed is:

1. An infrared thermometer capable of measuring a body
temperature in no contact with a human body, comprising:

a main unit incorporating an infrared sensor,

a proximity sensor configured to detect that the main unit
has been positioned in proximity to the human body; and

acontroller configured to calculate the body temperature of
the human body based on quantity of infrared from the
infrared sensor when the proximity sensor has detected
a positioning of the main unit in proximity to the human
body,

the proximity sensor comprising a ground electrode, and a
plurality of segmented electrodes arranged around the
ground electrode, wherein

the controller is configured to measure electrostatic capaci-
tances between the ground electrode and the segmented
electrodes respectively and measure a distance between
the main unit and the human body based on the electro-
static capacitances, thereby detecting a tilt angle of the
main unit with respect to the human body.

2. The infrared thermometer of claim 1, wherein

the controller has a reference table for correcting the mea-
sured body temperature and corrects the body tempera-
ture that has been already measure by referring to the
reference table from the detected tilt angle.

3. The infrared thermometer of claim 1, wherein

the ground electrode is formed into a ring shape, while the
plurality of segmented electrodes are formed by dividing
a ring-shaped electrode outside the ground electrode.
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4. The infrared thermometer of claim 3, further comprising

a notification unit, wherein

when the tilt angle of the main unit to the human body
exceeds a predetermined tilt angle, the notification unit
notifies that effect, and

when measurement of the body temperature is finished, the
notification unit notifies a completion of the measure-
ment.

5. An infrared thermometer capable of measuring a body

temperature in no contact with a human body, comprising:
amain unit incorporating an infrared sensor,

a distance sensor configured to detect a distance between
the main unit and the human body when the main unit
approaches the human body; and

acontroller configured to calculate the body temperature of
the human body based on quantity of infrared from the
infrared sensor when the distance sensor detects that the
distance between the main unit and the human body has
become a predetermined distance,

the distance sensor comprising:

a light source for emitting light;

aprojector lens for projecting thelight of the light source
toward the human body;

a light receiving sensor; and

a light receiving lens that allows the light receiving
sensor to receive return light of the light, which is
obtained as a result of being reflected by the human
body, when the main unit is located at the predeter-
mined distance.
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6. The infrared thermometer of claim 5, wherein

both the projector lens and the light receiving lens are
semi-circular arc-shaped lenses in common.

7. The infrared thermometer of claim 6, further comprising

acircuitboard on which the projector lens, the light receiv-
ing lens, and the infrared sensor are mounted, wherein

the infrared sensor is arranged between the projector lens
and the light receiving lens, while the projector lens and
the light receiving lens are arranged at symmetrical posi-
tions with respect to a center axis passing through the
infrared sensor, as a center.

8. The infrared thermometer of claim 7, wherein

the circuit board, which mounts the infrared sensor, the
light receiving lens, and the projector lens thereon, is
arranged in an apex portion of the main unit.

9. The infrared thermometer of claim 6, wherein

both a tip of the projector lens for projecting the light and
a tip of the light receiving lens for receiving the return
light are inclined at a constant angle so as to have a single
focal length.

10. The infrared thermometer of claim 6, wherein

both a tip of the projector lens for projecting the light and
a tip of the light receiving lens for receiving the return
light change continuously so as to have a plurality of
different focal lengths

11. The infrared thermometer of claim 6, wherein

both a tip of the projector lens for projecting the light and
a tip of the light receiving lens for receiving the return
light change in a stepwise shape so as to have a plurality
of different focal lengths at respective positions from
each center to respective ends.
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