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(57) Abstract: It is disclosed a device (100) for measuring a patient’s temperature using an infrared thermometer (1) to detect the
intensity of an infrared radiation coming from the body of that patient. whose temperature is wished to be known; the device further
comprises a room- temperature sensor to send said temperature to a memory (38). A processing unit (33) receives as an input the

room-

temperature signal (B) and a temperature signal (A) proportional to the infrared radiation, the room- temperature signal (B)

enabling the processing unit (33) to determine a corrective parameter to rectify the temperature (A) detected by the sensor member
(7) and to determine the patient’s real temperature. The invention allows the problem due to the non-stabilisation in the thermometer

environment to be solved.
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TEMPERATURE MEASURING DEVICE PARTICULARLY OF A PATIENT

Description

The present invention <relates to a temperature
measuring device, in particular for measurement of a
patient's temperature, exploiting use of infrared

thermometers.

Tt is known that beside traditional thermometers such
as mercury thermometers reading the temperature when in
contact with the patient for example, infrared
thermometers which are able to detect the temperature
of a given subject based on an infrared emission

generated thereby have been recently spread on the

market.

In particular, the infrared thermometers comprise a
reading section in which an infrared-radiation sensor
operates, to said sensor being conveyed the infrared
radiation emitted from a region of the patient's body

of which a thermal detection is required.

The infrared thermometers that are presently available
on the market can be substantially divided into two big

families: partly-invasive thermometers and non-invasive

thermometers.

.In the first type of infrared thermometers it is

provided that a thermometer portion or probe be
inserted into the auricle of the subject whose
temperature is to be measured, so that the infrared

radiation of this region can be conveyed to a sensing

member.
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By virtue of the thermal stability of the concerned
detection region, thermal readings of fair accuracy and

repeatability can be obtained.

While these values are generally wvalid, the just
described thermometers however highlight some 1limits
connected with use of the thermometers themselves undexr
hygienic conditions, which involves the necessity to
use protection caps for the probe; in addition they are
not very practical in use because the thermometer probe
is in any case a bothersome foreign body to be partly

introduced into the patient's auricle.

In the second type of infrared thermometers, the non-
invasive onesg, the thermometer end designed to convey
the infrared radiation to the sensing member is
provided to be held either in contact with or spaced

from the surface of the subject whose thermal level

must be known.

With this second type of thermometers to be held at a
distance, in order to have a good reading of the
thermal level the thermometer itself must be positioned
to a predetermined distance, within well restricted

ranges, from the detection surface.

In fact it is essential that the sensor designed to
detect the infrared radiation be reached Dby the
ecmissions from the patient submitted to reading and in

particular from a predetermined area of said patient.

Tt ig to be noted that the same Applicant has conceived
different systems for pointing and positioning the
detecting portion of an infrared thermometer to the

correct location relative to the subject on whom the
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thermal detection is to be carried out (see publication

No. PCT/IT98/00379, for example).

It is also to Dbe pointed out that the infrared
thermometers with contactless measurements as well as
those providing contact measurements typically detect
the temperature of a given portion of the forehead or
head (temple, central forehead region, neck back, ear

region) of a patient.

However, the concerned temperature is clearly affected
by the room temperature where the patient is. It is
apparent that a patient with a given inner temperature
will have different frontal temperatures depending on

whether he/she is in a hot or cold environment.

Obviousgly, the infrared thermometer will measure the
patient's forehead temperature and then suitably
correct the detected temperature depending on the room
temperature in order not to give a wrong measurement.
In fact, it is the real inner temperature of a subject
that one wishes to know and not that of a predetermined

outer region of same (forehead, face, etc.).

One of the most important problems to which the
contactless thermometers are subjected is exactly that
of determining the corrective parameter taking into

account the room temperature where the subject is.

In order to at least partly solve this drawback, common
contactless infrared thermometers are provided with an
inner room-temperature sensor capable of detecting said
room temperature and supplying the logic control unit

of the thermometer with such a value.

PCT/IB2006/003859
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Depending on the detected room-temperature value, the
processing unit rectifies the patient's temperature
thereby giving a correct value of the inner temperature

of the subject submitted to measurement.

While the known art briefly described above has allowed
reliable temperature measurements to be obtained for a
patient, the same however has shown to have limits

and/or operating drawbacks.

It is actually to be noticed that the non-stabilisation
in the environment where the thermometer 1is involves

generation of wrong measurements.

In fact, for instance, should the thermometer stay in
an environment with a temperature different from that
of the environment where the subject submitted to
temperature measurement 1is, the room temperature
detected by the thermometer would be different from

that required for achievement of a correct estimate.

If, for example, measurement 18 carried out after
quickly taking the thermometer into the new
environment, the temperature measurement will be
rectified based on a wrong room-temperature parameter

and therefore a wrong result will be produced.

Yet, should the thermometer be kept in an environment
with a variable temperature or in any case a
temperature different from that of the environment
where the subject is (let us think for example of a-
thermometer contained in a physician's pocket and
therefore directly in contact with the physician's
body), wrong room-temperature measurements would be

obtained and consequently the measurements of the
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subject's true temperature would be wrong as well.

Under the present situation the invention aims at

substantially solving the above mentioned drawbacks.

A first aim of the invention is to make available a
temperature-measuring infrared device capable of
solving the problem connected with the non-

stabilisation of the environment where the thermometer

is.

Accordingly, it is an object of the invention to enable
a more reliable  measurement of the patient's
temperature avoiding detection errors due to an

incorrect measurement of the room temperature.

It is a general object of the invention to make
available an infrared thermometer provided with all
technical features necessary for a good operation of
same, i.e. correct contactless pointing, correct
conveying of the infrared radiation with exclusion of
the radiation coming from unconcerned regions (the
radiation from other regions of the subject's body, for
example), as well as correct estimate of the frontal
temperature and the room temperature so as to achieve

the real patient's temperature in a reliable manner.

The foregoing and further objects that will be apparent
in the following specification are substantially

achieved by an apparatus and a method in accordance

with the invention.

Further features and advantages will be best understood
from the detailed description of a preferred but not

exclusive embodiment of a temperature measuring device,
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in particular of a patient, and the relevant

measurement method in accordance with the present

invention.

This description will be set out hereinafter with
reference to the accompanying drawings, given by way of
non-limiting example, in which:

- Fig. 1 4is a diagrammatic view of an infrared
thermometer assembly;

- Fig. 2 18 a diagrammatic view of the temperature
measuring device in accordance with the present
invention;

- Fig. 3 shows a waveguide plus sensor of the
thermometer shown in Figs. 1 and 2; and

- Fig. 4 diagrammatically shows an alternative

embodiment of the temperature measuring device seen in

Fig. 2.

With reference to the drawings, a temperature measuring
device, particularly for measurement of a patient's

temperature, has been generally identified with 100.

As viewed from Fig. 1, the infrared thermometer 1 can
be of the portable type and it comprises a main holding
body 2 defining a grasping region 3 for the user. The
handgrip can have conventional command means 4 such as
keypads and the like, as well as one or more displays 5

possibly for temperature or other information reading.

At one end of the main body, means 6 for detecting the
infrared temperature is provided which comprises a
sensor member 7 sensing the infrared radiation and at
least one waveguide 8 operatively associated with the
sensor member to suitably convey thereto the radiation

emitted from the region of the body 9 the thermal level
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of which is wished to be measured.

Obviously, in case of contact or sliding thermometers
use of any type of waveguide can De selectively

avoided.

Advantageously, the temperature measuring device 1is
provided with means for controlling the
correctness/steadiness of the zroom-temperature value

used by the thermometer.

As already mentioned, the infrared thermometer 1 is
provided to detect the temperature of a surface portion
9 of a patient by means of the sensor member 7, to be
subsequently able to estimate the true inner

temperature of same.

As previously highlighted, for the purpose = of
estimating the true temperature, it is also necessary
to know the room temperature where the patient ig. In
fact, the outer surface temperature of a subject is
generally affected by the room temperature where the
patient 1s and different from the true inner
temperature of same. Obviously, based on the room
temperature, a corrective parameter can be established
which is adapted to act on the true surface temperature
measured by the sensor member 7 to obtain a reliable

reading of the patent's true inner temperature.

In other words, for each infrared thermometer 1 a
measurement of the room temperature is required which
must be as reliable as possible, and in particular a

measurement of the room temperature where the patient

is.
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Tn this connection and as shown i1in Fig. 2, the
temperature measuring device can comprise a container
or support 30 separated from the infrared thermometer
and designed to communicate the room temperature to the

latter.

To this aim use of a remote sensor 31, a thermistor for
example, is provided which is designed to detect the
room temperature; the thermistor 31 will be housed in a
circuit external to the infrared thermometer, power
supplied by a mains outlet or gsuitable battery, for
example; the same circuit can contemplate the presence
of displaying means such as a display enabling reading

of the room temperature detected by the remote sensoxr

31.

Generally the support 30 will be permanently positioned
in a place where the temperature measurement is to be
carried out in such a manner that the remote sensor 31
can detect the true room temperature irrespective of
the place where the infrared thermometer is kept and of
the temperature variations to which said infrared

thermometer is submitted.

In particular, Dby communication means 32, the room
temperature detected by the remote sensor 31 will be

transmitted to the infrared thermometer.

gensor 31 sends the detected-temperature gignal to a
control unit 41 which through a guitable antenna or
transmitter 42, communicates the measurement via radio,
infrared emission or equivalent gystem, to a

corresponding antenna or receiver 43 present on the

thermometer 1.
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The infrared thermometer generally also comprises a
processing unit 33 which is associated in a circuit to
the sensor member 7 to receive therefrom the
temperature signal A proportional to the infrared
radiation perceived by the sensor member itself and

coming from the patient.

This processing unit 33 will Dbe also designed to
receive as an input the room-temperature signal B from
the remote sensor 31. Alternatively, the processing
unit 33 will be able to. immediately use this room-
temperature signal B or transfer it to a memory 38 for

use at a subsequent time.

Before, during or after carrying out the temperature
measurement on a patient, the processing unit 33 will
receive as an input the room temperature gsignal B and
the temperature signal proportional to the infrared
radiation A; the room temperature signal B will enable
the processing unit 33 to determine a corrective
parameter which may be a positive, negative or zero
parameter, to rectify the temperature detected by the

csensor member 7 and determine the patient's true inner

temperature.

In this connection, the processing unit 33 will
comprise suitable parameterized corrective functions
that, depending on the room temperature, will determine
caid corrective parameter that in turn will enable a
reliable reading of the patient's true inner

temperature to be obtained.

In an alternative embodiment shown in Fig. 4, the
temperature measuring device will advantageously

comprise a reference element 36 at room temperature
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which is distinct from the infrared thermometer 1 and
positioned in the environment whose temperature is

wished to be known.

In other words, this reference element 36 can consist
of a plate or disc preferably of plastic material,
hanging from or attached to a wall point in the
environment whose temperature is to be detected, far

from heat or cooling sources, or from sunbeams.

More generally, the reference element 36 can even
consist of any body, wall or piece of furniture in a
given environment, provided it has been therein for a
sufficiently long time (so as to have a stabilised
temperature) and is not positioned too close to heat
sources or excessively cold points. In other words,
this reference element 36 will take the exact room
temperature as required for optimal operation of the

thermometer.

When the operator designed to carry out the temperature
measurement enters the room where the patient is,
he/she sets himself/herself in front of the plate 36
with the infrared thermometer, points said thermometer
to the centre of the reference element 36 and using a
cuitable room temperature-loading function, measures
the infrared radiation coming from the reference
element 36 itself by means of the sensor member 7

(thereby determining the temperature as a function

thereof) .

At this point suitable means 37 for detecting the
temperature of the reference element 36 deviates the
measured temperature signal B towards a memory 38 in

which the received value is substituted for the omne
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previously stored as the room temperature to be used

during all subseqguent measurements on patients.

Then the operator can use the thermometer to measure
the patient's forehead temperature still by the same
sensor member 7 that this time will detect the

temperature signal A sent to the previously mentioned

processing unit 33.

Said processing unit 33 will wutilise the patient's
temperature signal A and the room-temperature signal B

stored in memory 38 to determine the true value of the

patient's inner temperature.

By way of example, this operating method could be
advantageous for temperature measurements carried out
on patients in a hospital room where the nurse will
have the same room-temperature reference for all
patients in the same room and will be able to reset the

correct room temperature on moving to the subsequent

room.

The temperature detecting means 37 of the reference
element 36 can obviously be activated by the operator
that by pressing a predetermined button will signal to
the thermometer that the room temperature B is about to
be detected, by pressing a different button or the same
buttons but using a different modality will gignal to
the thermometer that on the contrary the detected

‘temperature A is the patient's temperature.

As a further alternative, it is to be pointed out that
the infrared thermometer 1 can be provided with a first
and a second room-temperature sensors 39, 40 that are

internal to the main holding body and both designed to



10

15

20

25

30

35

WO 2007/054821 PCT/IB2006/003859

- 12 —

detect the external-environment temperature and to

transmit it to the processing unit 33.

This processing unit 33 will receive as an input the
temperature signals from sensors 39, 40 and calculate
the room temperature depending on the two detecting

operations carried out (note that three or more sensors

could possibly be used) .

In a simpler embodiment, the processing unit 33 will
take the lower value measured by the two thermistors as
the room-temperature value; this embodiment is based on
the assumption that if the thermometer becomes hot due
to an unstable situation (handling of same or because
it 4is in a pocket), this does not occur in all its

structure in a constant manner.

As an alternative, a software can be also implemented
such that the microprocessor can estimate the true room
temperature calculating it as a value that is a
function of the difference between the temperatures

supplied by the two thermistors 39, 40.

As a further alternative embodiment for room
temperature control and verification, said temperature
can be continuously detected by a single temperature
sensor 39 or 40 transmitting the detected temperature
to the processing unit 33 constantly in time. The
processing unit 33 will store into memory 38, as the
room temperature, the last temperature that remained
constant in value and time. The room temperature will
be generally considered as constant in wvalue 1if it
keeps within a predetermined variation threshold,
within a variation of 0.2°, for example. Constancy in

time will be established by giving the measurements a
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predetermined duration parameter, 15 seconds for

example, or also 1 or more minutes.

Should temperature keep constant in value (with a
variation not exceeding 0.2°) and in time (unchanged
for more than 15 seconds or more than 1 or several
minutes), this temperature would be stored into memory
38 and used as the room temperature to carry out the

necessary rectifications to the temperature detected on

the patient.

It is apparent that should the thermometer be
transferred between different environments or also
introduced into an operator's pocket, the detected
room-temperature variations would be disregarded, thus

avoiding errors being introduced into the measurement

to be carried out.

Obviously the processing unit 33 is able, through
suitable algorithms, to generate a thermal reading that
is then transferred to the display or shown to the user
through other displaying systems, such as a projection

system for example.

With reference to the other parts of the infrared
thermometer 1, 1t 1is to be pointed out that the
waveguide 8 has a first end 8a facing the body whose
temperature is wished to be known, and a second end 8b

facing the sensor member 7.

As can be viewed from the accompanying drawings (Fig.
3), the waveguide is structured like a tubular body
having a mirror-like inner gurface 10 defining a
passage capable of bringing the first and gsecond

mutually-opposite openings, 11 and 12, of the tubular
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body into optical communication.

The inner surface 10 of the waveguide has a converging
extension towards the second opening 12, i.e. its inner
diameter becomes increasingly smaller on moving from
the first opening 11 of the waveguide 8 to the second
opening where the sensor member 7 is substantially
located. More specifically, the waveguide convergence
is increasingly more marked as the second opening 12 of

the tubular body is approached.

In other words, the wave guide in accordance with the
present invention can have two or more axially
consecutive sections having their respective
convergence which is constant in each section and
progressively more marked going from one gection to the
subsequent one in the direction of the second opening

12 of the tubular body defining the waveguide.

Practically, in the just described case, at least the
converging portion of the waveguide will appear as a
succession of frustoconical surfaces tapering of which

is increasingly more marked as the second opening 12 is

approached.

Alternatively, in place of two or preferably a
plurality of consecutive sections with greater and
greater convergence, a wave guide can be provided in
which the inher surface is curved and progressively and
continuously converges in a more and more marked manner

from the first opening towards the second opening.

At all eventg, the waveguide in accordance with the
invention is such made that, the axial moving forward

close to the second opening being the same, the
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diametric reduction becomes bigger and bigger on

moving from the first to the second opening.

In the waveguide shown by way of example, it is
possible to notice that the inner surface 10 of the
waveguide is defined by arched lines 13, 14 and,
preferably, by arcs of conic sections with an axis
coincident with the longitudinal symmetry axis L of the

waveguide and the concavity of which faces the first

opening 11.

As shown, the convergence of these parabola arcs is

always greater on moving closer to the second opening

12.

Advantageously, the waveguide in accordance with the
invention at the first opening can have no protection
masks such as those typically provided on traditional
waveguides for these uses and therefore it must be
submitted to periodic cleaning by the users to ensure
the necessary performance. The possible absence of a
protection mask is very advantageous because a useless

loss of signal in the radiation entering the waveguide

ig avoided.

It is to be pointed that that, irrespective of the
structure given to the waveguide 8, said waveguide as
well as the sensor member 7 operatively associated
therewith are typically housed within an auxiliary
tubular body 20 of metal material, preferably copper or
a Zn+Al+Mg alloy, shown in particular in Fig. 3,

although they can form a single structure.

The infrared thermometer in accordance with the present

invention can also be provided with control means
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operatively associated with the holding body and co-
operating with the processing unit; this control means
is designed to determine a condition of correct
positioning of the sensor member 7 to a predetermined
distance "D" from the detection area, which correct-
positioning distance 1is deemed to be optimal for
execution of a careful reading and delimitation of the

reading area to the concerned region alone.

Obviously all the above highlighted systems can be used

on contact and/or sliding thermometers too.

Tt ig clear that in addition to the above described
particular shaping of the waveguide in accordance with
the invention, a correct positioning of the sensor
member to a suitable distance D from the detection

surface helps in obtaining a very accurate thermal

reading.

For obtaining said control means, different technical

solutions can be adopted either alone or in combination

with each other.

In particular use of light emitters or pointing lights
21 can be provided (see Fig. 1). In particular, two or
three visible light beams can be provided, which must

preferably be non-coplanar with each other and

convergent.

After describing the temperature measuring device and
the infrared thermometer being part thereof from a

structural point of view, operation of same is the

following.

First of all the room temperature B is detected. This
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measurement can be carried out following one or more of

the above desgcribed methods.

Generally the temperature measuring device wusing
infrared radiation can contemplate all the four
solutions outlined above that can be selectively
activated either by the operator or automatically,

depending on the established priorities.

For instance, where all the four possibilities of room-
temperature detection were i1mplemented, one could
decide to give priority to the temperature transmitting

gsystem by the remote sensor 31.

Should gaid remote sensor be absent (or disabled) the
room temperature could in any case be set by
exploitation of the reference element 36 through a
manual operation. Even 1f this operation were not
carried out, the room temperature would be calculated
depending on the temperatures detected by sensors 39
and 40 and, should this option too be disabled, the
room temperature would be calculated using the last
temperature that remained constant in time and in value

and that is stored in memory 38.

After completing calculation of the room temperature
and storing it into memory 38 for example, then
measurement of the patient's temperature is carried out
by conveying the infrared rays coming from the

concerned region 9 of the patient by means of the

waveguide 8.

By virtue of the shape of the inner surface of the
waveguide that progressively converges to an

increasingly greater extent on moving close to the

PCT/IB2006/003859
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sensor member, the following effects are substantially
present; the radiation emissions directed parallel to
the longitudinal axis of the waveguide or slightly
inclined to said axis are conveyed by the waveguide and
substantially focused on the sensor member,
irrespective of the region where they come into contact

with the inner surface of the waveguide.

Conversely, the rays having an excessive inclination
and coming from a region of the patient's surface that
is not of interest, which can distort the thermal
detection, can be returned to the inlet opening of the
waveguide following multiple reflections (practically,
at each reflection there is an increase in the ray
inclination until overcoming 90° relative to the

waveguide axis, as represented by the critical ray re

in Fig. 3).

Generally, due to the conformation of the inner surface
of the waveguide the rays having a greater inclination
with respect to the longitudinal axis of the waveguide
do not succeed in reaching the second opening of the
waveguide to which either rays having a small
inclination can come (that will strike on the sensor
member) or rays that, depending on the inclination,
can either be absorbed by an absorber member (if any)
or reflected by the end edge of the waveguide (if
present), or break against the inner or outer walls of

the holding body of the sensor member.

It is however apparent that, due to the conformation
given to the waveguide and the detecting portion in its
different embodiments Therein described, a great
reduction in the real detection region of the radiation

is obtained and above all a precise definition of same
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on the surface of the body to be measured; in fact the
waveguide represents a kind of optical filter for the
radiation coming from directions that are too inclined

relative to the longitudinal axis of the guide itself.

Obviously the waveguide 8 and the control means
designed to determine the condition o©of correct
operation of the sensor member 7 to the distance "D" of
the detection area 9 will enable an optimal measurement

of the patient's surface temperature.

From a general point of wview, it is to be noted that
the different structural and operational features of
the above illustrated devices can be combined with each
other (as stated in the appended claims, for example),
or can also co-exist in a separate and independent

manner, giving rise to alternative embodiments of the

present invention.

In particular, apart from the inner structure of the
infrared thermometer 1, it will be possible to define
"apparatuses" that, as they operationally comprise the
thermometer 1 inside them, can have the following two
sub-assemblies separately or in combination with each
other, depending on the specific cases:

- an "active" support 30 separated from the infrared
thermometer and having a remote temperature sensor, as
well as the suitable communication means to transmit
the temperature detected by the remote sensor to the
infrared thermometer; and/or

- a "passive" reference element 36 at room temperature,
that is separated from the main holding body 2, as well
as means 37 for detecting the temperature B of the

reference element 36 and set it as the room temperature

for the infrared thermometer 1.
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In turn, the infrared thermometer in accordance with
the invention can have the following sub-assemblies in
combination with each other or separately:

- a single room-temperature sensor 39; and/or

- a second room-temperature sensor 40, that will be
able to detect a room temperature B in an independent
manner with respect to the first sensor 39; and/or

- a processing unit 33 capable of storing a progress in
time of the room-temperature signal B and adapted to
keep as a reference of the room temperature, the last
temperature that remained substantially constant over a

predetermined time interval.

Due to the different construction architectures
described above, a method of measuring a patient's
temperature can be advantageously implemented, which
comprises:

- a step of measuring a room temperature;

- a step of detecting, by an infrared thermometer 1,
the intensity of the infrared radiation from a region
of interest 9 of a patient (for the purpose of

determining the  temperature in said zregion of

interest) ;
- a step of correcting the temperature detected in the

region of interest depending on the room temperature

(in order to determine the patient's real inner

temperature) .

Advantageously, this method further comprises a step of
controlling the stability/correctness of the room

temperature used for temperature correction in the

region of interest.

Describing this method in more detail, the controlling

step comprises a step of acquiring the room temperature
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from a remote sensor 31 statically put din an
environment where measurement can be carried out or in
an environment having the same temperature as that of

the environment in which measurement is carried out.

Depending on current reqguirements, the acquiring step
can take place via radio, infrared radiation, contact,
jack plug, cable, induction, electromagnetic waves,
ultrasonic waves, microwaves, transponder or similar

remote communication means.

Likewise, the acquiring step too can be automatic
and/or wupon command by the wuser. For example,
acquisition can take place Dby the user typing in the
value read on the remote apparatus or any other
temperature sensor (which can even be a common mercury
thermometer rather than an electronic one, but
completely independent of the inventive device); the
user draws this temperature and transfers it to the
infrared thermometer 1 through a keypad incorporated

therein or other similar means.

According to the present method, the acquired room
temperature value is stored into a memory 38 and used
to process a corrective parameter adapted to correct
the temperature of the region of interest to determine
the patient's real inner temperature; in addition, the
controlling step comprises a measurement of the room
temperature by detection of the intensity of an

infrared radiation from a reference element 36 at room

temperature.

Conveniently, the acqguired rdom—temperature value 1is
astored into a memory 38 and i1is used to process a

corrective parameter adapted to correct the temperature
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of the region of interest to determine the patient's

real inner temperature.

Tn addition, in accordance with the present method, the
controlling step may comprise measurement of the room
temperature by at least two different room-temperature
sensors 39, 40; in this way, the room temperature

atored is a function of the two temperatures detected

by sensors 39, 40.

Advantageously, the room temperature stored is lower
than the detected room temperatures, so as to obtain
the greatest reliability and consistency of the
correction in accordance with the present method; in
particular, the estimate of the real room temperature
is obtained by a correction referred to the difference

between the temperatures supplied by sensors 393, 40.

The controlling step may comprise a sub-step of
verifying whether the detected room temperature is
constant in value and in time, the room temperature
used for correcting the temperature detected from the

region of interest being the last detected value of

constant temperature stored.

It ie to be noted that in a particularly appreciable
embodiment of the present method, the room temperature
is considered as constant in value if it remains within
a predetermined correction threshold, within variations
of 0.2° for example, and at the same time the xroom
temperature is considered as constant in time 1f it
remains within the predetermined correction threshold

over a period of time of at least 1 minute or five

minutes, for example.
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The temperature results produced by the above described
method (as claimed in the following) are displayed to
the operator using the most appropriate ways depending
on current requirements; for instance, the controlling
step may comprise a step of direct acquisition, through
reading of the room temperature on a display and
writing it by means of a possible keypad on the

infrared thermometer.

According to a further advantageous feature of the
present method, it is also possible to implement a step
of predicting a room temperature; in more detail, this
predicting step may be obtained by extrapolation
(and/or, if necessary, by interpolation) of subsequent
temperature values detected by sensors 39, 40 at

predetermined time intervals.

In other words, the predicting step may contemplate
sampling of different temperature values, so as to be
able to construct a "time curve" that typically can
tend to an asymptotic wvalue (which, in turn, can be
considered as the room temperature to which the
thermometer will stabilise after some time). In
addition, the possibility of at least partly using
physico/mathematical formulas (also already known) can
be contemplated to determine stabilisation times and/or

room temperature values through calculation.

Conveniently, the predicting step can be put into
practice conditionally on verification that both room
temperature sensors 39 and 40 will record the same
temperature increase or reduction rate; in fact this
correspondence condition entails that the infrared
thermometer 1 is not subjected to alteration factors of

the room temperature (such as the fact that it is held
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in the operator's hand or it is stowed in a garment
pocket close to the human body) and that it is actually

exposed to the real temperature of the environment

where the patient is.

Operatively, the predicting step comprises a sub-step
of determining a positive or negative variation of the
temperature of sensors 39, 40 that is uniform in time;
following determination of this variation (or in other
words, of the '"time curve"), it 1is advantageously
possible to identify a corrective parameter depending
on the room temperature interpolated and/or
extrapolated during the prediction step itself; after
this corrective parameter has been defined (which can
be calculated based on empirical formulas or obtained
by statistical analysis and then stored in the most
suitable ways), the method of the present invention can
contemplate application of said corrective parameter to

the measured temperature.

The step of predicting the room temperature can
therefore give rise to the definition of an "expected"
value of room temperature of equilibrium that will be
calculated and stored in a very short period of time
(and will therefore enable immediate use of the
thermometer 1) or can serve to start a step of counting
a stabilisation time of the thermometer; in the last-
mentioned process alternative, instead of establishing
the "asymptotic" temperature of the already mentioned
ntime curve", the time for reaching the asymptotic
temperature is established and a "countdown'" can be
configured (by suitable displaying on the thermometer
display, for example), on expiry of which the
thermometer will be really gtabilised to the room

temperature and ready for wuse with the greatest
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accuracy and/or precision.

Another particular feature of the present invention
resides in that the method herein considered can be
applied to different parts of the body whose
temperature is wished to be known; for instance, the
detection of the intensity of an infrared radiation
coming from a "region of interest" 9 of a patient can
advantageously comprise a sub-step of detecting the

infrared radiation coming from the auricle area.

It is to be noted that, unlike the known methods of
temperature detection by introduction of the probe
into the auricle, this variant of the method of the
invention does not include introduction of a probe into
the auricle itself, but on the contrary keeps any
measuring object out of said auricle, which is

advantageous in terms of non-intrusiveness on the

patient.

In order to take into account the fact that usually a
patient's forehead is colder than the auricle (since
the forehead is more exposed to the environmental air),
the present method can also comprise a sub-step of
determining an additional corrective parameter; this
additional corrective parameter will typically be
correlated with the difference of surface temperature
existing between the forehead region of a patient and
the auricle of the same patient, and obviously the
method can contemplate application of said parameter to

the temperature measured at the auricle.

Temperature verification by analysis of the auricle is
also advantageous if the patient's forehead is not in

its optimal conditions for a direct measurement, in the

PCT/IB2006/003859
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presence of sweat for example or in all cases capable
of modifying the characteristics of an infrared

emission.
The invention achieves important advantages.

It will be recognised first of all that the adopted
methods enable solution of the problem concerning

stabilisation in the thermometer environment.

In fact, each of the methods and devices described
enables a Tmore precise detection of the room

temperature or possibly a control of same.

It is apparent that adoption of a true and real room
temperature allows more reliable measurements to Dbe
carried out which are not affected by accidental
external events such as variations of the thermometer
room temperature that do not correspond to temperature
variations in the environment where the subject whose
temperature is to be measured ig; the invention enables
problems to be solved which are connected with
situations in which wrong positioning or use of the
thermometer (in a physician's pocket for example, or in
case of too many manipulations of the thermometer or
also in case of a patient's sweaty forehead) could

invalidate the temperature measurement.

The above, associated with use of a suitablé waveguide
capable of reducing the field of view to the real
region of interest, as well as with suitable means for
positioning the thermometer to the correct distance,
enables precise measurements to be obtained which are

repeatable and suffer from substantially minimum or

Zero errors.
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In any case all systems for stabilisation/control of

the room temperature and the waveguide can be also

applied to contact or sliding thermometers.
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CLAIMS

1. A method of measuring the temperature, particularly

of a patient, comprising the following steps:

- measuring a room temperature;

- detecting the intensity of an infrared radiation
coming from a region of interest (9) of a patient,
through an infrared thermometer, to determine the
temperature of said region of interest;

- correcting the temperature detected in the region of
interest depending on the room temperature to determine
the patient's real inner temperature, characterised in
that it further comprises a step of controlling the
stability/correctness of the room temperature used to

rectify the temperature of the region of interest.

2. A method as claimed in claim 1, characterised in
that =aid controlling step comprises a step of
acquiring the room temperature from a remote sensor
(31) statically placed din an environment where
measurement is carried out or in an environment having

the same temperature as that of the environment where

measgurement i1s carried out.

3. A method as claimed in claim 2, characterised in
that the acquiring step takes place via radio,
infrared radiation, contact, jack  plug, cable,
induction, electromagnetic waves, ultrasonic waves,

microwaves, transponder o similar remote communication

means.

4. A method as claimed in claim 2, characterised in
that the acquiring step 1s automatic and/or upon
command by the user, the acquiring step being carried

out through writing of a room-temperature datum

detected by another thermometer.
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5. A method ag claimed in claim 1, characterised in
that the acquired room-temperature value is stored into
a memory (38) and is used to process a corrective
parameter adapted to rectify the temperature of the

region of dinterest to determine the patient's real

inner temperature.

6. A method as claimed in claim 1, characterised in
that said controlling step comprises a room-temperature
measurement by detection of the intensity of an

infrared radiation from a . reference  element (36) at

room temperature.

7. A method as claimed in claim 1, characterised in
that the acquired room-temperature value is stored into
a memory (38) and is used to process a corrective
parameter adapted to rectify the temperature of the

region of interest to determine the patient's real

inner temperature.

8. A method as claimed in claim 1, characterised in
that the controlling step comprises measurement of the
room temperature by at least two different room-
temperature sensors (39, 40), the room temperature

stored being a function of the two temperatures

detected by the sensors (39, 40).

9. A method as claimed in claim 8, characterised in
that the room temperature stored is lower than the

detected room temperatures.

10. A method as claimed in claim 8, characterised in
that the estimate of the real room temperature is
obtained by a correction referred to the difference

between the temperatures supplied by the sensors (30,
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40) .

11. A method as claimed in claim 1, characterised in
that the controlling step comprises a sub-step of
verifying whether the detected room temperature is
constant in wvalue and in time, the room temperature
used for rectifying the temperature detected in the
region of interest being the last detected wvalue of

constant temperature stored.

12. A method as claimed in claim 11, characterised in
that the room temperature is considered as constant in
value 1if it does not go beyond a predetermined
correction threshold, remaining within wvariations of

0.2° for example.

13. A method ag claimed in claim 12, characterised in
that the room temperature is considered as constant in
time if it remains within the predetermined correction
threshold over a period of time of at least 1 minute or

5 minutes, for example.

14. A method as claimed in claim 1, characterised in
that the controlling step comprises a step of direct
acquisition through reading of the room temperature
from a display and writing on the infrared thermometer

by a possible keypad or by a voice command.

15. A method as claimed in claim 1, characterised in
that it further comprises a step of predicting a room-
temperature, said predicting step being preferably
carried out by interpolation and/or extrapolation of
subsequent temperature values detected at predetermined
time intervals by the sensors (39, 40), said predicting

step being more preferably carried out conditionally to

PCT/IB2006/003859
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a verification that both the room-temperature sensors

(30, 40) register the same temperature increase or

decrease rate.

16. A method as claimed in claim 15, characterised in
that said predicting step comprises a sub-step of
determining a positive or negative variation of the

sensor (39, 40) temperature that is uniform in time.

17. A method ag claimed in claim 15, characterised in
that said predicting step comprises a sub-step of
identifying a corrective parameter as a function of the
room temperature interpolated and/or extrapolate during
the predicting step, the method preferably comprising a
step of applying said corrective parameter to the

measured temperature.

18. A method as claimed in anyone of the preceding
claims, characterised in that said step of detecting
the intensity of an infrared radiation from a patient's
region of interest (9) comprises a sub-step of

detecting the infrared radiation from the auricle area.

19. A method as claimed in anyone of claims 15 to 18,
characterised in that said predicting step comprises a
sub-step of counting a stabilisation time of the
thermometer, said counting step preferably comprising

a sub-step of displaying said stabilisation time.

20. A method as claimed in anyone of claims 15 to 19,
characterised in that said sub-step of detecting the
infrared radiation coming from the auricle area does

not comprise introduction of a probe into the auricle.

21. A method as claimed in claim 20, characterised in

PCT/IB2006/003859
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that it further comprises a sub-step of determining at
least one additional corrective parameter, said at
least one additional corrective parameter being
correlated with the surface-temperature difference
existing between a patient's frontal region and an
auricle of the same patient, the wmethod preferably
comprising a sub-step .of applying said additional

corrective parameter to the measured temperature.

22. An infrared thermometer for temperature
measurement, in particular of a patient, compriging:

- a main holding body (2) designed to define at least
one grasping region (3) for a user;

- means (6) for detecting an infrared radiation emitted
from a body whose temperature is wished to be known,
sald detecting means (6) being operatively associated
with the main holding body (2) and having at least one
gsensor member (7) of the infrared radiation intensity;
- a first room-temperature sensor (39) provided to
detect the temperature of a surrounding environment;
and

~ a processing unit (33) operatively associated with
the sensor member (7) and the first room-temperature
gensor (39) and capable of receiving therefrom a
temperature signal (A) proportional to the infrared
radiation perceived by the sensor member itself and a
room-temperature signal (B), respectively,
characterised in that the processing unit (33) stores a
time development of the room-temperature signal (B),
the processing unit (33) keeping as the reference of
the room temperature, the last temperature that
remained gsubstantially constant over a predetermined

time interval.

23. A thermometer asgs claimed in claim 22, characterised

PCT/IB2006/003859



10

15

20

25

30

35

WO 2007/054821 PCT/IB2006/003859

- 33 —

in that the room temperature i1s considered as constant
when the maximum range of same dis lower than a

predetermined threshold, 2 tenths of one degree for

example.

24. A thermometer as claimed in claim 22, characterised
in that the time interval during which the temperature
must be constant is higher than 15 seconds and

preferably higher than one minute.

25. A thermometer as claimed in claim 22, characterised
in that the processing unit (33) receives as an input
the room-temperature signal (B) and the temperature
signal (A) proportional to the infrared radiation, the
room-temperature signal (B) enabling the processing
unit (33) to determine a positive or negative
corrective parameter to rectify the temperature (Aa)
detected by the sensor member (7) and to determine the

patient's real temperature.

26. A thermometer as claimed in anyone of the preceding
claims 22 to 25, characterised in that it further
comprises control means (34) operatively associated
with the processing unit (33) and designed to determine
a condition of correct positioning of the sensor member

(7) to a distance "D" from the detection area.

27. A thermometer as claimed in claim 22, characterised
in that it further comprises a second sensor (40) set
to detect the temperature of a surrounding environment,
said second sensor (40) being preferably able to
independently detect a room temperature (B) with
respect to the first sensor (39), the room temperature
(B) being established taking the temperature value of

the first or the second sensor (39, 40) or a value of
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rhe measurement interval between the two sensors (39,
40) when the difference between the two measurements is

lower than a predetermined threshold, 0.2 degree for

example.

28. A thermometer as claimed in anyone of the preceding
claime 22 to 27, characterised in that it further
comprises at least one waveguide (8) having a first end
(8a) facing the body whose temperature is wished to be
known, and a second end (8b) facing gaid sensor member,
the waveguide (8) having an inner surface (10) defining
a passage to bring a first and a second openings (11,

12) opposite to each other into mutual communication.

29. A thermometer as claimed in claim 28, characterised
in that said inner surface (10) of the waveguide (8)
defines arched lines (13, 14) in longitudinal section,
which lines are disposed symmetrically relative to the
longitudinal symmetry axis (L) of the tubular body
itself, said opposite arched lines converging
progressively and in an increasingly more marked manner

on moving from said first opening (11) to said second

opening (12).

30. A thermometer as claimed in claim 29, characterised
in that each of said arched lines (13, 14) 1is

substantially an arc of a parabola.

31. A thermometer as claimed in claim 28, characterised
in that at said first opening (11) of the waveguide (8)

no protection mask is provided.

39. A thermometer as claimed in claim 30, characterised
in that =said sensor member (7) is substantially

disposed at a focus of said arcs of a parabola (13,

PCT/IB2006/003859
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14).

33. A temperature measuring device, particularly of a
patient, comprising:

- an infrared thermometer (1) as claimed in anyone of
the preceding claims 21 to 31, said thermometer having:
- a main holding body (2) designed to define at least
one grasping region (3) for a user;

— means (6) for detecting an infrared radiation emitted
from a body whose temperature is wished to be known,
said detecting means (6) being operatively associated
with the main holding body (2) and having at least one
sensor member (7) of the infrared radiation intensity,
characterised in that the temperature measuring device
further comprises a support (30) separated from the
infrared thermometer (1) and having a remote
temperature sensor (31), and communication means (32)
to transmit a temperature detected by the remote sensor

(31) to said infrared thermometer (1).

34. A device as claimed in claim 33, characterised in
that the remote temperature sensor (31) ig a thermistor

and is designed to detect a room temperature.

35. A device as claimed in anyone of the preceding
claims 33 and 34, characterised in that the
communication means (32) ig wireless remote
communication means, via radio, via infrared radiation,

by induction, or with a transponder or the 1like, for

example.

36. A device as claimed in anyone of the preceding
claims 33 to 35, characterised in that the support (30)
is statically positioned within an environment or room,

the remote sensor (31) being possibly power supplied by
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a battery or a mains outlet.

37. A device as claimed in anyone of the preceding
claims 33 to 36, characterised in that the infrared
thermometer (1) comprises a processing unit (33)
operatively associated with the sensor member (7) and
capable of receiving therefrom a temperature signal (A)
from the patient that is proportional to the infrared

radiation perceived by the sensor member itself.

38. A device as claimed in claim 37, characterised in
that said processing unit (33) is capable of receiving
a room-temperature signal (B) sent by the remote sensor

(31) .

39. A device as claimed in claim 37, characterised in
that the processing unit (33) receives as an input the
room-temperature signal (B) and the temperature signal
(A) proportional to the infrared radiation, the room-
temperature signal (B) allowing the processing unit
(33) to determine a positive or negative corrective
parameter to rectify the temperature (A) detected by

the sensor member (7) and to determine the patient's

real temperature.

40. A temperature measuring device, particularly of a
patient, comprising:

- an infrared thermometer (1) as claimed in anyone of
the preceding claims 21 to 31,

characterised in that it further comprises:

- a reference element (36) at room temperature
separated from the main holding body (2);

— means (37) for detecting the temperature (B) of said
reference element (36) and set it as the room

temperature for the infrared thermometer (1).

PCT/IB2006/003859
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41. A device as claimed in claim 40, characterised in
that the infrared thermometer (1) comprises a
processing unit (33) operatively associated with the
sensor member (7) and capable of receiving therefrom a
temperature signal (A) that is proportional to the
infrared radiation perceived by the sensor member

itself and coming from a patient.

42. A device as claimed in claim 41, characterised in
that the infrared thermometer (1) comprises a memory
(38) that 1s able to store one or more room
temperatures (B), sald means (37) for detecting the
temperature of said reference element (36) selectively
replacing the room temperature (B) in the memory (38)

with the temperature detected by said reference element

(36) .

43, A device as claimed in claim 41, characterised in
that the processing unit (33) 1is able to receive as an
input a room-temperature signal (B), said room-
temperature signal (B) coming from said memory (38) and

corresponding to the temperature of said reference

element (36).

44 . A device as claimed in claim 41, characterised in
that the processing unit (33) receives as an input the
room-temperature signal (B) and the temperature signal
(A) proportional to the infrared radiation, the room-
temperature signal (B) allowing the processing unit
(33) to determine a positive or negative corrective
parameter to rectify the temperature (A) detected by

the sensor member (7) and to determine the patient's

real temperature.

45. A device ag claimed in claim 40, characterised in



10

15

20

25

30

WO 2007/054821

that the reference element (36) comprises a plate
preferably of plastic material, to be engaged at a

point or wall far from heat or cooling sources.

46. An infrared thermometer for temperature measurement
as claimed in anyone of the preceding claims 21 to 31,
characterised in that it comprises at least one first
and one second room-temperature sensors (39, 40) in
engagement with the main holding body (2) and capable

of independently detecting a room temperature (B).

47. A thermometer as claimed in claim 46, characterised
in that the first and second room-temperature sensors
(39, 40) are positioned on opposite sides of the main

holding body (2).

48. A thermometer as claimed in claim 46, characterised
in that it further comprises a processing unit (33)
operatively associated with the sensor member (7) and
capable of receiving therefrom a temperature signal (&)
proportional to the infrared radiation perceived by the

gsensor member itself.

495. A thermometer as claimed in claim 48, characterised
in that the processing unit (33) receives as an input
the temperature signals from the room-temperature
sensors (39, 40) and estimates the room temperature

depending on the two detecting operations.

50. A thermometer as claimed in claim 46, characterised
in that the room temperature is established taking the
lower temperature value detected by the two or more

room-temperature sensors (39, 40).

PCT/IB2006/003859
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