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(57 ABSTRACT

This invention is designed such that measurement can be
performed only when a probe is sufficiently inserted into an
external ear canal. A decision whether the probe is suffi-
ciently inserted into the external ear canal or not is per-
formed on the basis of a detected temperature.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 8]
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[Fig. 6]
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[Fig. 8]
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INFRARED CLINICAL THERMOMETER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an infrared clinical
thermometer which detects infrared rays radiated from an
ear drum.

[0003]

[0004] A conventional infrared clinical thermometer
which detects infrared rays radiated from an ear drum is
known.

[0005] In such an infrared clinical thermometer, a mea-
surement switch is depressed while a probe is inserted into
an external ear canal, the intensity of infrared rays radiated
from an ear drum is detected by the probe, and a body
temperature (more specifically, ear drum temperature) is
measured on the basis of the detection result.

[0006] Measuring procedures performed when measure-
ment is performed by using an infrared clinical thermometer
according to a conventional art will be briefly described
below. FIG. 9 is a flow chart which shows measuring
procedures of the infrared clinical thermometer according to
the conventional art.

2. Description of the Background Art

[0007] A power supply is turned on (S60), and a probe is
inserted into an ear (external ear canal) (S61). In this state,
when a measurement switch (SW) is depressed (S62), an
infrared sensor arranged inside the probe receives infrared
rays from an ear drum to measure an intensity of infrared
rays (measurement operation by an A/D converter or the
like) (S63). A body temperature is calculated on the basis of
the measurement result (S64), and the body temperature is
displayed on an LCD or the like (S65).

[0008] The following art is known (trade name: OMRON
MC-505) is known. That is, measurement (A/D conversion)
is performed a plurality of times in (S63), and a mean of the
plurality of A/D-converted values is used (S64), so that a
more accurate body temperature can be measured.

[0009] As described above, in the conventional art, the
measurement switch is depressed while the probe is inserted
into an external ear canal to measure a body temperature.
However, in this case, the measurement may be performed
while a condition where the probe is inserted is not clear, and
a measurement error may be increased.

[0010] More specifically, when the light-receiving surface
of an infrared sensor arranged inside the probe does not
accurately face the ear drum, the intensity of infrared rays
radiated from the ear drum cannot be accurately measured.
When the probe is inclined, the temperature of the external
ear canal is measured.

[0011] FIG. 10 is a diagram which shows measurement
results of temperature distributions of an ear drum 70 and an
external ear canal 71. As shown in FIG. 10, it is understood
that the temperature of the ear drum 70 is the highest inside
the ear, and the temperature gradually decreases as it is away
from the ear drum. In FIG. 10, the mean and dispersion of
measurement results of a plurality of persons are shown.

[0012] In order to cancel the above drawbacks, in, e.g.,
Japanese Unexamined Patent Publication No. 8-215154 and
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U.S. Pat. No. 5,325,863, an art which employs a peak hold
method which determines a body temperature by using the
highest value of a plurality of measured values is disclosed.

[0013] According to this art, since a body temperature is
calculated by a peak value of measured temperatures, pos-
sibility that a temperature obtained when a probe accurately
faces an ear drum is captured is high.

[0014] However, in the conventional art described above,
the following problems are posed.

[0015] First, the peak hold method described above is
used, possibility that a body temperature obtained when an
insertion condition of a probe is proper can be measured is
high. However, a user cannot understand an insertion con-
dition of the probe. For this reason, the body temperature
may be measured while the insertion condition of the probe
is still improper.

[0016] Therefore, in order to cause a user to learn a correct
insertion position, the user must measure a plurality of times
to be accustomed to use an infrared clinical thermometer.

[0017] Secondly, when measurement is performed while a
probe is inserted into an external ear canal for a long time,
or when measurement is repeated many times, a measure-
ment error is large when measurement is performed while
the temperature inside the probe is increased by heat
received from the external ear canal or the like.

[0018] In the infrared clinical thermometer according to
the conventional art, an interval for making it possible to
perform the next measurement upon completion of the
measurement may be set. However, since this interval is a
fixed period of time, an interval until accurate measurement
can be performed cannot be taken, and a measurement error
may increase.

[0019] The interval time is started upon completion of the
measurement regardless of the conditions or the like of the
probe. For this reason, upon completion of the measurement,
even though the probe is still inserted in the external ear
canal, measurement can be performed after a fixed period of
time. Therefore, the measurement error increases as
described above.

[0020] Third, when the peak hold method is employed, a
measurement error is generated depending on the surround-
ing environment temperature.

[0021] More specifically, in the peak hold method, a
temperature is measured even though the probe does not
face the ear drum, and the temperature is stored (held). For
this reason, when the surrounding environment temperature
is higher than the body temperature, before the probe is
inserted into the external ear canal, the environment tem-
perature has been stored. The surrounding temperature
which is higher than the body temperature is measured.

SUMMARY OF THE INVENTION

[0022] The present invention has been made to solve the
problems of the prior art, and has as its object to provide a
reliable infrared clinical thermometer which can more accu-
rately measure a temperature of an ear drum itself.

[0023] In order to achieve the above object, according to
the present invention, there is provided an infrared clinical
thermometer which has a probe inserted into an external ear
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canal, and a detection sensor, arranged inside the probe, for
detecting infrared rays radiated from an ear drum, including:
detection means for detecting an insertion condition of the
probe into the external ear canal; and permission means for
permitting measurement depending on a detection result
obtained by the detection means.

[0024] The permission of measurement by the permission
means that measurement can be performed. Therefore, when
measurement by the permission means is not permitted, for
example, even though a measurement switch is depressed
while the probe is inserted into the external ear canal,
measurement is not performed.

[0025] According to the configuration of the present
invention, measurement is performed only when an insertion
condition of the probe into the external ear canal is proper,
a measurement error caused by an improper insertion con-
dition can be prevented.

[0026] The infrared clinical thermometer preferably
includes notification means for notifying a user of measure-
ment permission by the permission means.

[0027] As the notification means, for example, means
realized by a buzzer, a voice message, or the like can be
used.

[0028] According to this configuration, it can be known
that the insertion condition of the probe into the external ear
canal is proper.

[0029] The detection means preferably detects the inser-
tion condition of the probe into the external ear canal on the
basis of a detection result continuously detected by the
detection sensor.

[0030] The detection means preferably includes decision
means for deciding whether the probe is inserted into the
external ear canal or not depending on whether an infrared
intensity or a temperature calculated from the infrared
intensity falls within a predetermined range or not on the
basis of the detection result continuously detected by the
detection sensor.

[0031] The “infrared intensity or the temperature calcu-
lated from the infrared intensity” means that the decision
may be directly performed by the infrared intensity or may
be performed by the temperature calculated from the infra-
red intensity. More specifically, in order to decide whether
the probe is inserted into the external ear canal, the decision
is performed by the detected temperature itself. However, in
general, the temperature is obtained by converting the infra-
red intensity serving as analog data into digital data. Since
a result obtained by performing the decision before the
conversion is the same as a result obtained by performing the
decision after the conversion, the decision may be performed
by the infrared intensity or the temperature calculated by the
infrared intensity.

[0032] The decision means preferably fixes the decision
that the probe is inserted into the external ear canal when the
infrared intensity or the temperature calculated by the infra-
red intensity is held within the predetermined range for a
predetermined time after the infrared intensity or the tem-
perature calculated by the infrared intensity changes from an
outside of the predetermined range to the predetermined
range.
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[0033] According to this configuration, the decision can be
prevented from being performed when the insertion condi-
tion is unstable. Decision mistakes can be reduced.

[0034] The decision means preferably fixes the decision
that the probe is removed from the external ear canal when
the infrared intensity or the temperature calculated by the
infrared intensity is held within the predetermined range for
a predetermined time after the infrared intensity or the
temperature calculated by the infrared intensity changes
from the predetermined range to the outside of the prede-
termined range.

[0035] According to this configuration, the decision can be
prevented from being performed when the insertion condi-
tion is unstable. Decision mistakes can be reduced.

[0036] The infrared clinical thermometer preferably
includes storage means for storing data continuously
detected by the detection sensor after the decision that the
probe is inserted into the external ear canal is performed by
the decision means, and at least one of the data stored in the
storage means is preferably handled as data used in body
temperature measurement.

[0037] According to this configuration, the probe can
measure a body temperature in a condition where the probe
is inserted into the external ear canal.

[0038] The infrared clinical thermometer preferably
includes a switch for stopping a storing operation by the
storage means.

[0039] The infrared clinical thermometer preferably
includes time measurement means for measuring an elapsed
time after the decision that the probe is inserted into the
external ear canal is performed by the decision means, and
the storing operation by the storage means is preferably
stopped after it is measured by the time measurement means
that a predetermined time has elapsed.

[0040] According to this configuration, a measurement
error caused by the inside of the probe is heated by heat
received from the external ear canal when the probe is
inserted in the external ear canal for a long time can be
reduced.

[0041] The infrared clinical thermometer preferably
includes warning means for giving warning to a user when
it is measured by the time measurement means that a
predetermined time has elapsed before the storing operation
is stopped by the switch.

[0042] According to this configuration, the user can know
that the measurement is not performed.

[0043] Data corresponding to data in which the infrared
intensity or the body temperature calculated by the infrared
intensity is maximum of data stored in the storage means is
preferably handled as data used in body temperature mea-
surement.

[0044] According to this configuration, when the infrared
intensity or the body temperature calculated by the infrared
intensity is maximum, the probability that the infrared
sensor correctly faces the ear drum is high, and the tem-
perature of the ear drum can be more reliably measured.

[0045] The storage means preferably sequentially updates
data to be stored such that only the data corresponding to the
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data in which the infrared intensity or the body temperature
calculated by the infrared intensity is maximum from the
data continuously detected by the detection sensor.

[0046] The infrared clinical thermometer preferably
includes: a first mode in which data used in measurement is
selected from data detected by the detection sensor depend-
ing on a detection result obtained by the detection means;
and a second mode in which detection data obtained by the
detection sensor immediately after detection instruction is
performed is used by measurement regardless of the detec-
tion result obtained by the detection means.

[0047] According to this configuration, the detection
means itself does not properly functions first of all due to a
surrounding environment temperature or the like, only the
data detected by the detection sensor immediately after the
detection instruction is performed can be used by perform-
ing measurement in the second mode, and, when the tem-
peratures which have been measured up to this include an
environment temperature, the data can be prevented from
being handled as measurement data.

[0048] The infrared clinical thermometer preferably
includes: temperature detection means for detecting a tem-
perature inside the probe; and mode switching means for
switching the present mode to the second mode when it is
detected by the temperature detection means that the tem-
perature is not less than a predetermined temperature.

[0049] According to this configuration, for example, the
predetermined temperature above is set to be a temperature
closed to a temperature of general human beings’ body
temperature. In this case, when the environment temperature
is not less than the temperature, the present mode is auto-
matically switched to the second mode, so that the environ-
ment temperature can be prevented from being handled as
measurement data.

[0050] The infrared clinical thermometer preferably
includes estimation means for estimating a convergence
temperature from a change in temperature detected by the
temperature detection means, and the mode switching means
preferably switches the present mode to the second mode
when the temperature estimated by the estimation means is
not less than a predetermined temperature.

[0051] According to this configuration, even though mea-
surement is performed immediately after a position where
measurement is performed is changed from a position where
an environment temperature is low to a position where an
environment temperature is high, the present mode is auto-
matically switched to the second mode, so that the environ-
ment temperature can be prevented from being handled as
measurement data.

[0052] A temperature condition used in a decision of
switching obtained when the present mode is switched to the
second mode by the mode switching means on the basis of
the temperature detected by the temperature detection means
is preferably different from a temperature condition used in
a decision of switching obtained when the present mode is
switched to the second mode on the basis of the temperature
estimated by the estimation means.

[0053] According to this configuration, for example, an
estimation error generated by the estimation means can be
canceled.
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[0054] According to the present invention, an infrared
clinical thermometer which has a probe inserted into an
external ear canal, and a detection sensor for detecting
infrared rays radiated from an ear drum, includes: inhibition
means for inhibiting measurement of a body temperature in
a predetermined period after the body temperature is mea-
sured; and setting means for setting the predetermined
period every measurement.

[0055] According to the configuration of the present
invention, measurement of a body temperature is inhibited
by the inhibition means in the predetermined period, so that
a measurement error generated by a high temperature inside
the probe caused by performing measurement can be can-
celed. Since the predetermined period can be set by the
setting means every measurement, a proper process can be
performed depending on a using state or the like.

[0056] The setting means preferably sets the predeter-
mined time on the basis of a time required for measurement.

[0057] According to this configuration, since the internal
temperature generally increases as the time required for
measurement becomes long, a time for inhibiting measure-
ment is preferably set to be long to cancel the measurement
error. When the predetermined time is set on the basis of the
time required for measurement, a measurement error based
on an increase in internal temperature caused by measure-
ment can be reduced. Waste of time caused when an inhi-
bition time is needlessly lengthened can be reduced.

[0058] The infrared clinical thermometer preferably
includes: temperature detection means for detecting a tem-
perature inside the probe, and the setting means preferably
sets the predetermined time on the basis of the detection
result of the temperature detection means.

[0059] Therefore, a measurement error based on an exces-
sively high internal temperature can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG. 1 is a perspective view showing the appear-
ance of an example of an infrared clinical thermometer
according to an embodiment of the present invention.

[0061] FIG. 2 is a block diagram showing the basic
configuration of the infrared clinical thermometer according
to the embodiment of the present invention.

[0062] FIG. 3 is a graph showing an example of a mea-
surement progress of the infrared clinical thermometer
according to the embodiment of the present invention.

[0063] FIG. 4 is a control flow chart in the infrared
clinical thermometer according to the embodiment of the
present invention.

[0064] FIG. 5 is a control flow chart in the infrared
clinical thermometer according to the embodiment of the
present invention.

[0065] FIG. 6 is a control flow chart in the infrared
clinical thermometer according to the embodiment of the
present invention.

[0066] FIG. 7 is a control flow chart in the infrared
clinical thermometer according to the embodiment of the
present invention.
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[0067] FIGS. 8 are diagrams showing display examples
obtained by an LCD in respective states in the infrared
clinical thermometer according to the embodiment of the
present invention.

[0068] FIG. 9 is a flow chart showing measurement pro-
cedures of an infrared clinical thermometer according to a
conventional art.

[0069] FIG. 10 is a diagram showing measurement results
of temperature distributions of an ear drum and an external
ear canal.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

[0070] A preferred embodiment of the present invention
will be illustratively described below in detail with reference
to the accompanying drawings. The sizes, materials, shapes,
and relative positions of components described in this
embodiment are not limited to these according to the spirit
and scope of the invention unless the components are
specifically described.

[0071] An infrared clinical thermometer according to the
embodiment of the present invention will be described
below with reference to FIGS. 1 to 8.

[0072] A whole configuration or the like of the infrared
clinical thermometer according to the embodiment of the
present invention will be described below with reference to
FIGS. 1 and 2. FIG. 1 is a perspective view showing the
appearance of an example of an infrared clinical thermom-
eter according to the embodiment of the present invention.
FIG. 2 is a block diagram showing the basic configuration
of the infrared clinical thermometer according to the
embodiment of the present invention.

[0073] As shown in FIG. 1, an infrared clinical thermom-
eter 1 briefly comprises an infrared clinical thermometer
body 2, a probe 3 to be inserted into an external ear canal,
and a measurement switch 4 used in measurement.

[0074] Since the infrared clinical thermometer itself is a
known art, a detailed description thereof will be omitted.
The infrared clinical thermometer comprises a battery
arrangement unit serving as a power supply, a circuit board,
a display unit for displaying a measurement result, and the
like. In the example shown in FIG. 1, a display unit
constituted by an LCD is arranged on the rear surface of the
side on which the probe 3 is arranged.

[0075] When measurement is performed, the probe 3 is
inserted into an external ear canal while the infrared clinical
thermometer body 2 is gripped with one hand. In this state,
when the measurement switch 4 is depressed, a body tem-
perature (car drum temperature) can be measured within a
short time.

[0076] The infrared clinical thermometer will be described
below in detail with reference to FIG. 2.

[0077] The infrared clinical thermometer 1 according to
this embodiment is constituted such that an input signal from
a power supply switch 55, an input signal from a measure-
ment switch 56, and data transmitted from an A/D converter
54 are transmitted to a CPU 57 which controls the respective
units.
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[0078] When an input signal of a switch is transmitted
from the power supply switch 55 to a CPU 57, an initializing
process is performed 1o make it possible to perform detec-
tion of an infrared sensor 51.

[0079] Infrared rays are detected by the infrared sensor 51
serving as a detection sensor, an output signal from the
infrared sensor 51 is amplified by an amplifier 53. The
amplified signal is transmitted as analog data to the A/D
converter 54 and is to be converted into digital data.

[0080] In this embodiment, a temperature sensor 52 serv-
ing as a temperature detection means for detecting an
internal temperature (temperature in the body) of the probe
3 is arranged. An output from the temperature sensor 52 is
transmitted to the A/D converter 54 and is to be converted
into digital data.

[0081]

[0082] Inthe CPU 57, a body temperature is calculated on
the basis of these digital data and the input signal from the
measurement switch 56, and the body temperature is dis-
played on an LCD 58.

[0083] Control or the like of the respective units will be
described in detail below with reference to FIGS. 3 to 8.
FIG. 3 is a graph showing an example of a measurement
progress of the infrared clinical thermometer according to
the embodiment of the present invention. FIGS. 4 to 7 are
control flow charts in the infrared clinical thermometer
according to the embodiment of the present invention. FIG.
8 is diagrams showing displays obtained by the LCD 58 in
respective states.

[0084] In the infrared clinical thermometer 1 according to
the embodiment of the present invention, a detection means
for detecting an insertion condition of the probe 3 into an
external ear canal is arranged. The infrared clinical ther-
mometer 1 is designed such that measurement is permitted
(permission means) only when it is decided from the detec-
tion result that the probe 3 is properly inserted.

[0085] More specifically, the infrared clinical thermom-
eter 1 is designed such that measurement can be performed
only when the probe 3 is sufficiently inserted into the
external ear canal. A decision whether the probe 3 is
sufficiently inserted into the external ear canal or not is
performed on the basis of the detected temperature (decision
means).

[0086] For example, when it is decided that the probe 3 is
properly inserted into the external ear canal when the
detected temperature is 34° C. or more and 42° or less, in the
example in FIG. 3, the infrared sensor 51 sequentially
detects infrared rays, and temperatures are sequentially
calculated by the CPU 57. Of the temperatures, only tem-
perature data falling within a region (34° C. or more and 42°
C. or less) in which it is decided that the probe 3 is inserted
is used as measurement data.

[0087] Therefore, data except for the data within the
region is not displayed as measurement data.

[0088] When the probe 3 is inserted into the external ear
canal, depending on cases, a detected temperature may be
unstable near a threshold value of the temperature region.
Immediately, when it is decided that the probe 3 is inserted

These digital data are transmitted to the CPU 57.
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into the external ear canal or removed from the external ear
canal, possibility of an erroneous decision is high.

[0089] In this embodiment, when a state where the tem-
perature falls within the decision range or a state where the
temperature falls out of the decision range continues for a
predetermined time, the decision is fixed for the first time.

[0090] More specifically, since calculation data are
sequentially output in the embodiment, a decision is fixed
when a state where the temperature falls within the decision
region or falls out of the decision range is continuously
decided three times. Therefore, in the example shown in
FIG. 3, since detection data in a state where the temperature
is 34° C. or less 1o a state where the temperature is 34° C.
or more are continuously detected three times, i.e., S1, S2,
and S3, a decision that the probe 3 is inserted into the
external ear canal is fixed in the stage of S3.

[0091] In this manner, data detected and calculated there-
after can be used as measurement data. In this embodiment,
when it is decided that the probe 3 is inserted into the
external ear canal, the infrared clinical thermometer notifies
a user that the probe 3 is inserted into the external ear canal
by a notification means (buzzer or the like). Therefore, the
user can confirm that the probe 3 is inserted into the external
ear canal, and can know that measurement can be per-
formed.

[0092] In the example shown in FIG. 3, since detection
data in a state where the temperature is 34° C. or more to a
state where the temperature is 34° C. or less are continuously
detected three times, i.e., E1, E2, and E3, a decision that the
probe 3 is removed from the external ear canal is fixed in the
stage of E3.

[0093] Operation procedures will be described below in
detail with reference to the flow chart shown in FIG. 4.

[0094] When the power supply (power supply switch 55)
is turned on (S0), an initializing process is performed (S1).
At this time, display is performed on a display unit (LCD 58)
as shown in FIG. 8A.

[0095] In this manner, conversion of data output from the
infrared sensor 51 and the temperature sensor 52 into digital
data by the A/D converter 54 is started (S2), calculation of
a measurement temperature (Tx(K)) by the CPU 57 is
started (S3).

[0096] In order to detect whether the probe 3 is inserted
into the external ear canal, it is decided whether a tempera-
ture Tx(K) falls within a predetermined temperature range
(Tx low to Tx_high) or not, i.c., 34° C. or more and 42° C.
or less in the example shown in FIG. 3 or not (S4). As
described above, the decision is preferably fixed only when
the temperature continuously falls within the predetermined
temperature range at three consecutive times.

[0097] When it is detected that the probe 3 is inserted into
an external ear canal, insertion detection fixing is displayed
(S5). For example, the display is performed on the LCD 58
as shown 1n FIG. 8B. In this case, a notification means such
as a buzzer preferably notifies a user that the probe 3 is
inserted into the external ear canal by sound.

[0098] Thereafter, calculation of a measurement tempera-
ture (Tx(n)) which can serve as data of a body temperature
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measurement temperature is sequentially started (S6). In this
case, a plurality of temperatures are measured.

[0099] A measurement temperature Tx(0) which is mea-
sured for the first time is stored in a storage means (memory)
as a maximum temperature Tx_max 1.

[0100] Thereafter, when the sequentially calculated tem-
perature is higher than the previous temperatures, the maxi-
mum temperature Tx_max 1 is updated to the temperature
(S8 to S10). This operation is repeated until it is decided that
the probe 3 is removed from the external ear canal, i.e., until
the temperature Tx(K) falls out of the temperature range
(Tx_low to Tx_high) (S11). As described above, the deci-
sion is preferably fixed only when the temperature continu-
ously falls out of the predetermined temperature range at
three consecutive times.

[0101] Thereafter, in order to display that the probe 3 is
removed from the external ear canal, removal detection
fixing is displayed (S12), and a measurement interval pro-

cess for inhibiting measurement for a predetermined time is
performed (S13).

[0102] The processes performed up to this will be
described below by using the case shown in FIG. 3 as an
example.

[0103] After the initializing process, detection data of 34°
C. or more exhibits at three consecutive times, and detection
of a measurement temperature is started. Since sequentially
measured temperatures gradually increase from TO to T3 in
FIG. 3, temperature data to be stored is updated.

[0104] Since the temperature of the subsequent data are
lower than the temperature at T3 for a while, the temperature
data to be stored is not updated, the temperature is updated
again at T4. Thereafter, the temperature data is updated at T5
and T6.

[0105] The subsequent temperature data is lower than the
temperature at T6, the temperature data is not updated.
When detection data which is 34° C. or less exhibit at three
consecutive times, it is decided that the probe 3 is removed
from the external ear canal. It is displayed that the probe 3
is removed from the external ear canal.

[0106] The insertion condition of the probe 3 in the
example shown in FIG. 3 indicates the following condition.
That is, the distal end of the probe 3 is gradually inserted into
an external car canal, the direction of the distal end of the
probe 3 directs toward a near drum and then shifts. There-
after, the distal end directs toward the ear drum again, and
the distal end correctly directs at a point of time T6.

[0107] Control processes in actual measurement will be
described below with reference to the flow chart in FIG. 5.

[0108] The measurement can be performed at any time
from step S5 to step S12. The flow chart shown in FIG. 5
is properly interrupted between step S5 and step S12 in the
flow chart shown in FIG. 4.

[0109] In the embodiment, a time measurement means
(timer) (not shown) for measuring an elapsed time after the
decision that the probe 3 is inserted into the external ear
canal is arranged. It is monitored by the time measurement
means whether a time-out time (T_ov) set in advance has
elapsed or not (S20).
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[0110] When the measurement switch 56 is turned on
before the time-out time (T _ov) has elapsed (S22), the
present mode is switched to a measurement mode in which
the maximum temperature Tx_max 1 stored in the storage
means is set as the measurement value of the body tempera-
ture (S22), and the measurement result is displayed on the
LCD (S23). FIG. 8E shows an example in which a mea-
surement result is displayed.

[0111] In this case, when the measurement switch 56 is
turned on, a temperature stored in the storage means is
displayed. Therefore, the maximum measurement tempera-
ture obtained until the measurement switch 56 is turned on
after it is decided that the probe 3 is inserted into the external
ear canal is displayed.

[0112] Data obtained for a predetermined time after the
measurement switch 56 is turned on is considered as a matter
of course.

[0113] On the other hand, when the measurement switch
56 is not turned on before the time-out time (T ov) has
elapsed in step S20, a time-out process in step S24 is
performed to inhibit measurement. At this time, a warning
means for warning that the measurement cannot be correctly
performed to the user is preferably arranged. For example,
when warning is preferably performed by a buzzer, sound, or
the like. At the same time, As shown in FIG. 8C, it is
displayed on the LCD 58 that the measurement cannot be
performed.

[0114] After the time-out process in step S24, as in the
above description, after the probe 3 is removed from the
external ear canal (S25), removal detection fixing is dis-
played (526), and a measurement interval process for inhib-
iting measurement for a predetermined time is performed
(827).

[0115] The time-out process in step S24 as described
above is performed for the following reason. That is, when
a state in which the probe 3 is inserted into the external ear
canal continues, the internal temperature of the probe 3
increases by heat received from the external ear canal, and
this influence cannot be neglected. For this reason, in order
to cancel a measurement error based on the influence, when
the probe 3 is inserted for a predetermined time, measure-
ment is not performed.

[0116] As the time-out time (T_ov), for example, about 20
seconds is preferable.

[0117] The measurement interval process will be
described below with reference to the flow chart in FIG. 6.

[0118] As described above, the temperature inside the
probe 3 (in the body of the thermometer) is high, a detection
error 1s generated. Therefore, after measurement is per-
formed, when the next measurement is performed again, an
interval in which measurement is inhibited for a predeter-
mined time must be arranged (inhibition means).

[0119] A time required for the interval actually changes
depending on measurement states or environments. For this
reason, in the embodiment, in order to make it possible to
change the interval time depending on respective situations,
it is designed that the interval time can be set every mea-
surement. For example, a standard interval time is set to be
10 seconds, it is designed that the interval time can be
changed within a range of 5 to 30 seconds.
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[0120] More specifically, in measurement, the internal
temperature of the probe 3 rises as the time for which the
probe 3 is inserted in the external ear canal is long. For this
reason, the interval time must be longer. In addition, the
necessary interval time changes depending on an actual
change in the temperature inside the probe 3. An influence
caused when a person who has a high body temperature is
different from an influence caused when a person who has a
low body temperature. The influence also depends on the
difference of environment temperatures.

[0121] For this reason, in consideration of this, the interval
time is set. When a sufficient interval time is set in advance,
a measurement error caused by an excessively high internal
temperature can be reduced. However, the interval time is
uniformly set to be long, a wasteful time becomes long, so
that processing efficiency is consequently deteriorated.
Therefore, the means is not appropriate.

[0122] As shown in FIG. 6, when the measurement inter-
val process is started (S30), a time tio between detection of
insertion of the probe 3 into the external ear canal and
detection of removal is calculated (S31).

[0123] Tt is decided whether the time tio is a predeter-
mined standard time th tio (for example 10 seconds) or more
or not (S32).

[0124] When the tio does not reach the standard time
th_tio, a measurement interval time tint is set for the moment
to be a standard time th_tio (S34).

[0125] When the time tio is the standard time th_tio or
more, a measurement interval time tint is set for the moment
to be a time obtained by adding f(tio) to the standard time
th_tio (S33).

[0126] In this case, since the longer measurement time is,
the time f(tio) must be more increased, for example, the time
f(tio) can be expressed by a linear expression which is in
proportion to tio as expressed by f(tio)=4xtio.

[0127] A difference ATaio between an internal tempera-
ture in detection of insertion of the probe 3 and an internal
temperature in detection of removal is calculated (S35). The
internal temperatures are obtained by the temperature sensor
52.

[0128] The ATaio changes depending on the body tem-
peratures of persons, high or low body temperature, and
depending on environment temperatures.

[0129] Tt is decided whether the ATaio is a standard
temperature difference thATaio (for example, 5° C.) or more
or not (S36).

[0130] When the ATaio does not reach the thATaio, the
measurement interval time tint is used without any change
(S38).

[0131] On the other hand, when the ATaio is the thATaio
or more, the measurement interval time tint is set as a time
obtained by adding g(ATaio) to the measurement interval
time tint calculated up to this (S37).

[0132] Since the larger Ataio becomes, the time g ATaio)
to be added must be more increased, for example, the time
g(ATaio) can be expressed by a linear expression which is
in proportion to the Taio as expressed in g(ATaio)=AxTaio.
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[0133] In this manner, the tint is calculated, and prepara-
tion is performed such that the next measurement can be
performed after waiting for the measurement interval time
tint (S39).

[0134] Even though the measurement switch or the like is
depressed before the time tint has elapsed, a measurement
time is not displayed.

[0135] An operation for reducing a measurement error
when an environment temperature is high will be described
below with reference to the flow chart in FIG. 7.

[0136] Inthe embodiment, as described above, in addition
to a first mode in which measurement data is selected
depending on a decision of an insertion condition of the
probe 3 (ie., the maximum temperature of a plurality of
calculated temperatures is set as the measurement tempera-
ture), a second mode in which measurement is performed
depending on surrounding environments is set.

[0137] More specifically, when an environment tempera-
ture is higher than a temperature obtained when it is decided
the probe 3 is inserted into an external ear canal, even though
the probe 3 is not actually inserted into the external ear
canal, it is decided that the probe 3 is inserted into the
external ear canal.

[0138] More specifically, in the example shown in FIG. 3,
when the environment temperature is 34° C. or more, it is
decided that the probe 3 is inserted regardless of the pres-
ence/absence of insertion of the probe 3. Calculation data
obtained after the decision is recognized as a measurement
temperature.

[0139] Therefore, if an environment temperature and a
body temperature are 38° C. and 36° C., respectively,
according to the control described avobe(first mode), before
the probe 3 is inserted into the external ear canal, the
temperature of 38° C. is stored in advance. The measurement
temperature is 38° C., and an error occurs.

[0140] For this reason, in the second mode, the measure-
ment temperature is calculated on the basis of only mea-
surement data obtained after an input signal obtained by the
measurement switch 56 is generated, so that such an error is
reduced.

[0141] Therefore, since a body temperature is calculated
on the basis of data detected when the user depresses the
measurement switch 56 while the probe 3 is inserted into the
external ear canal, a drawback that an external environment
temperature is calculated as a measurement temperature can
be prevented.

[0142] Switching to the second mode can also be arbi-
trarily set by the user. However, it is preferable that the
switching to the second mode is automatically performed
depending on an external environment temperature (tem-
perature based on the temperature sensor 52 in the embodi-
ment).

[0143] In astate immediately after movement from a place
where an environment temperature is low to a place where
an environment temperature is high, the temperatures (tem-
peratures measured by the temperature sensor 52) measured
inside the probe 3 do not include a high environment
temperature. For this reason, this must be considered.
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[0144] In the embodiment, an actual environment tem-
perature is estimated from a change in temperature, the
present mode is switched to the second mode when the
estimated temperature is higher than a predetermined tem-
perature.

[0145] A flow of concrete operations in the second mode
will be described below with reference to FIG. 7.

[0146] As in the first mode, when the power supply is
turned on (S40), the initializing process is performed (S41),
A/D conversion is started (S42).

[0147] By the CPU 57, on the basis of detection data from
the temperature sensor 52, calculation of a temperature
Ta(K) inside the probe 3, i.e., in the infrared clinical ther-
mometer is started.

[0148] Itis decided that the temperature Ta(K) falls within
the temperature range (Tx_low to Tx_high) used in the
decision whether the probe 3 is inserted into the external ear
canal, i.e., within a range of 34° C. to 42° C. or not (S44).

[0149] When the temperature Ta(K) falls within the tem-
perature range, the decision whether the probe 3 is inserted
into the external ear canal or not is not properly performed.
For this reason, the present mode is automatically switched
to the second mode, and fixing of the change to the high-
temperature measurement mode (second mode) is displayed
(S45). For example, display is performed as shown in FIG.
§D.

[0150] As in the first mode, it is monitored whether the
time runs out or not (S46). When the time runs out, a
time-out process (S47) is performed.

[0151] When the measurement switch is turned on before
the time runs out (S48), the present mode is switched to the
measurement mode (S49), and a measurement result is
displayed (S50). As described above, in the second mode, a
temperature is calculated as a measurement temperature of
a body temperature on the basis of detection data obtained
immediately after (lag may be set depending on cases) the
measurement switch is turned on in the measurement mode.

[0152] On the other hand, in step S44, when the tempera-
ture Ta(K) does not fall within a temperature range (Tx_low
to Tx_high), in order to measure a change in environment
temperature, a temperature difference dta(k)=Ta(k)-Ta(k-1)
between a temperature (based on the temperature sensor 52)
at time (k-1) and a temperature at time k at which a
predetermined time has elapsed is measured.

[0153] Tt is decided whether the temperature difference
dTa(k) is a predetermined standard temperature difference
th_dTa(k) or less or not (S52).

[0154] When the temperature difference dTa(k) is larger
than the standard temperature difference th_dTa(k), an actual
environment temperature cannot be easily estimated because
a change in environment temperature is excessively large.
For this reason, an environment temperature change error
process is performed (S54). In this case, measurement is
inhibited.

[0155] The temperature difference dta(k) is equal to or less
than the standard temperature difference th_dTa(k), a con-
vergence temperature eTa(k) is calculated from the Ta(k)
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and the dTa(k) (S53). This convergence temperature eTa(k)
is defined as an estimation temperature of an actual envi-
ronment temperature.

[0156] Therefore, the convergence temperature eTa(k)
falls within the temperature range (Tx_low to Tx_high), as
in the above description, it is preferable that the present
mode is automatically switched to the second mode.

[0157] However, since the estimated convergence tem-
perature eTa(k) includes an error, it may be preferable that
the threshold value of the convergence temperature eTa(k) is
smaller than the temperature used in the decision that the
present mode is switched to the second mode on the basis of
an actually measured temperature by the error.

[0158] Therefore, in the embodiment, it is decided
whether Tx_low-adjTx_low=eTa(k)=Tx_high is satisfied
or not (855). When the expression is satisfied, the present
mode is automatically switched to the second mode (S45).
When the expression is not satisfied, measurement is per-
formed in the normal measurement mode (first mode) (S56).

[0159] As the adjTx_low, about 2° C. is preferably set in
consideration of an error range based on experiment data.

[0160] As has been described above, the present invention
can more accurately measure a temperature of an ear drum
itself to achieve good reliability.

What is claimed is:
1. An infrared clinical thermometer which has

a probe inserted into an external ear canal, and

a detection sensor, arranged inside said probe, for detect-
ing infrared rays radiated from an ear drum, compris-
ing:

detection means for detecting an insertion condition of
said probe into the external ear canal; and

permission means for permitting measurement depend-
ing on a detection result obtained by said detection
means.

2. An infrared clinical thermometer according to claim 1,
comprising notification means for notifying a user of mea-
surement permission by said permission means.

3. An infrared clinical thermometer according to claim 1
or 2, wherein

said detection means detects the insertion condition of
said probe into the external ear canal on the basis of a
detection result continuously detected by said detection
SCHSOT.
4. An infrared clinical thermometer according to claim 3,
wherein

said detection means comprises decision means for decid-
ing whether said probe is inserted into the external ear
canal or not depending on whether an infrared intensity
or a temperature calculated from the infrared intensity
falls within a predetermined range or not on the basis
of the detection result continuously detected by said
detection sensor.

5. An infrared clinical thermometer according to claim 4,

wherein

said decision means fixes the decision that said probe is
inserted into the external ear canal when the infrared
intensity or the temperature calculated by the infrared
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intensity is held within the predetermined range for a
predetermined time after the infrared intensity or the
temperature calculated by the infrared intensity
changes from an outside of the predetermined range to
the predetermined range.
6. An infrared clinical thermometer according to claim 4
or 5, wherein

said decision means fixes the decision that said probe is
removed from the external ear canal when the infrared
intensity or the temperature calculated by the infrared
intensity is held within the predetermined range for a
predetermined time after the infrared intensity or the
temperature calculated by the infrared intensity
changes from the predetermined range to the outside of
the predetermined range.

7. An infrared clinical thermometer according to claim 4,

5, or 6, comprising

storage means for storing data continuously detected by
the detection sensor after the decision that said probe is
inserted into the external ear canal is performed, and
wherein

at least one of the data stored in said storage means is
handled as data used in body temperature measure-
ment.

8. An infrared clinical thermometer according to claim 7,
comprising a switch for stopping a storing operation by said
storage means.

9. An infrared clinical thermometer according to claim 7
or 8, comprising time measurement means for measuring an
elapsed time after the decision that said probe is inserted into
the external ear canal is performed by said decision means,
and wherein

the storing operation by said storage means is stopped
after it is measured by said time measurement means
that a predetermined time has elapsed.
10. An infrared clinical thermometer according to claim 9,
comprising

warning means for giving warning to a user when it is
measured by the time measurement means that a pre-
determined time has elapsed before the storing opera-
tion is stopped by said switch.
11. An infrared clinical thermometer according to any one
of claims 7 to 10, wherein

data corresponding to data in which the infrared intensity
or the body temperature calculated by the infrared
intensity is maximum of data stored in said storage
means is handled as data used in body temperature
measurement.
12. An infrared clinical thermometer according to any one
of claims 7 to 11, wherein

said storage means sequentially updates data to be stored

such that only the data corresponding to the data in

which the infrared intensity or the body temperature

calculated by the infrared intensity is maximum from

the data continuously detected by said detection sensor.

13. An infrared clinical thermometer according to any one
of claims 1 to 12, comprising:

a first mode in which data used in measurement is selected
from data detected by said detection sensor depending
on a detection result obtained by said detection means;
and
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a second mode in which detection data obtained by said
detection sensor immediately after detection instruction
is performed is used by measurement regardless of the
detection result obtained by said detection means.

14. An infrared clinical thermometer according to claim

13, comprising:

temperature detection means for detecting a temperature
inside said probe; and

mode switching means for switching the present mode to
the second mode when it is detected by the temperature
detection means that the temperature is not less than a
predetermined temperature.
15. An infrared clinical thermometer according to claim
14, comprising

estimation means for estimating a convergence tempera-
ture from a change in temperature detected by said
temperature detection means, and wherein

said mode switching means switches the present mode
to the second mode when the temperature estimated
by said estimation means is not less than a prede-
termined temperature.
16. An infrared clinical thermometer according to claim
15, wherein

a temperature condition used in a decision of switching
obtained when the present mode is switched to the
second mode by said mode switching means on the
basis of the temperature detected by said temperature
detection means is different from a temperature condi-
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tion used in a decision of switching obtained when the
present mode is switched to the second mode on the
basis of the temperature estimated by said estimation
means.
17. An infrared clinical thermometer which has a probe
inserted into an external ear canal, and

a detection sensor for detecting infrared rays radiated
from an ear drum, comprising:

inhibition means for inhibiting measurement of a body
temperature in a predetermined period after the body
temperature is measured; and

setting means for setting the predetermined period
every measurement.
18. An infrared clinical thermometer according to claim
17, wherein

said setting means sets the predetermined time on the
basis of a time required for measurement.
19. An infrared clinical thermometer according to claim
17, comprising

temperature detection means for detecting a temperature
inside said probe, and wherein

the setting means sets the predetermined time on the
basis of the detection result of said temperature
detection means.
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