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7) ABSTRACT

A device method and system are provided for measuring the
body temperature in the area of the head. Reliable measured
values are furnished even during movement and physical
exercise. The device includes a head strap (1), whose strap
elements (2, 3) are in contact at least partially as strap
sections (7, 10) with the scalp of a user (4) of the headband
and in which at least one of the strap sections (7) is designed
for receiving a first temperature sensor (12) measuring the
skin temperature.
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DEVICE FOR MEASURING THE BODY
TEMPERATURE

FIELD OF THE INVENTION

[0001] The present invention pertains to a device for
measuring the body temperature with a head strap.

BACKGROUND OF THE INVENTION

[0002] A large number of head straps, with which protec-
tive helmets, hoods or masks can be fastened to the head of
the user of the respirator, have become known among
respirator products. A head strap, which comprises indi-
vidual strap elements, which can be adapted to the shape of
the head of the user of the head strap, has become known
from U.S. Pat. No. 4,279,037. Such head straps can be used
by a large number of persons who need head protection. On
the one hand, the head strap shall be able to be fastened
nondisplaceably on the head of the user of the head strap,
but, on the other hand, it shall be able to be easily removed.
In persons who perform physical exercise and wear a head
strap, there is increasingly a need for detecting and moni-
toring physical data in order to recognize physical overex-
ertion in time. The body temperature is a physiological
parameter from which the general condition can be deduced.
Even though it has been known from medical treatment
devices for infants that the skin temperature can be detected
in the area of the abdomen by means of a temperature sensor
placed there, these measurements are carried out only on
subjects who are not moving or are moving only slightly.
The temperature sensor is therefore fastened to the skin at
this location with an adhesive strip only.

SUMMARY OF THE INVENTION

[0003] The basic object of the present invention is to
provide a device for measuring the temperature in the area
of the head, which also furnishes reliable measured values
during movement and physical exercise.

[0004] According to the invention, a device for measuring
the body temperature is provided including a head strap. The
head strap has strap elements in contact with the scalp of a
headband user at least partially as strap sections. At least one
of the strap sections is designed for receiving a first tem-
perature sensor measuring the skin temperature.

[0005] The advantage of the present invention is essen-
tially that by placing a first temperature sensor on a strap
section of the head strap, which is directly in contact with the
scalp of the user of the head strap, measurement of the body
temperature is possible on a predetermined area on the head
immediately after putting on the head strap. A nonmovable
fixation of the first temperature sensor on the head is also
achieved by means of the head strap during physical exer-
cise, because it is firmly in contact there and can be fixed in
a defined preferred position only. The head strap may
comprise individual strap sections with, e.g., a forehead
band and a headband, which can be individually adapted to
the shape of the headband user’s head. However, it is also
possible to provide an elastic body in the form of a stocking
as a head strap, which is pulled over the head. The first
temperature sensor is fastened to the head strap such that it
is directly in contact with the scalp.

[0006] The first temperature sensor is advantageously
arranged on the forehead of the user of the headband. A
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forehead band is provided for this purpose as a band
element, on which the first temperature sensor is arranged
such that it lies directly on the skin and is pressed onto the
skin by the internal stress of the forehead band. The band
section at which the first temperature sensor is located is
advantageously positioned such that it is in contact with the
forehead and the lateral blood vessels of the temple and
somewhat below the hairline over a vertical axis of the
center of the eye between the central blood vessels. A
measuring point in this area is especially suitable for mea-
suring the headband user’s core temperature.

[0007] As an alternative, the first temperature sensor may
also be fastened with a headband as a band element on the
headplate, preferably in the area where the fontanelle is
located in infants. This measuring point is not surrounded by
large blood vessels that could affect the temperature mea-
surement.

[0008] A second temperature sensor, which measures the
temperature close in space in the environment of the head
strap, is advantageously provided. The temperature of the
close in space or interior space is measured with the second
temperature sensor. This makes it possible to calculate the
body core temperature from the formula

[0009] A: tc=thl+(th1-th2)*Ks/Kg, in which

[0010] tc=core temperature,

[0011] thl=temperature near the skin,

[0012] th2=temperature close in space,

[0013] Ks=coefficient of thermal conductivity for the
SEnsor,

[0014] Kg=coefficient of thermal conductivity for the
tissuc.

[0015] The coefficient of thermal conductivity Ks of the

sensor is determined by the insulation between the first and
second temperature sensors. For example, a value of about
40 W/m™*K is obtained in case of a foam type insulation of
about 2 mm. The coefficient of thermal conductivity Kg of
the tissue can be determined empirically. Values between 40
W/m**K and 52 W/m**K are known from clinical studies.
It varies with the position in space.

[0016] The fixation of the strap section accommodating
the first temperature sensor is improved when the strap
section is designed at least partially as a pressure-sensitive
¢lement.

[0017] The head strap is advantageously designed as the
inner part of a protective helmet with a fixed outer shell,
wherein the inner part is in contact with the head of the user
of the protective helmet. The inner part may comprise
discrete straps and is designed as a foamed inner shell.

[0018] If the temperature measurement is carried out with
two temperature sensors, the first temperature sensor is used
to detect the temperature near the skin, and the second
temperature sensor is positioned such that the temperature in
the space between the inner part and the inner wall of the
outer shell of the protective helmet can be measured with it.
The body core temperature of the protective helmet’s user is
determined from the two temperatures according to the
calculation formula A.
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[0019] The first temperature sensor and the second tem-
perature sensor are advantageously integrated into a double
temperature sensor in such a way that the temperature
sensors are arranged in a sensor housing on two opposite
housing parts, which are arranged at spaced locations from
one another in a thermally isolated manner. In the double
temperature sensor, one of the temperature sensors is
directly on the skin, while the other temperature sensor
arranged opposite measures the temperature of the environ-
ment.

[0020] The temperature sensors are advantageously con-
nected to an evaluating circuit for transmitting measured
temperature values to a receiving station. The evaluating
circuit is located directly in the vicinity of the temperature
sensors in order to amplify the measured signals and to
process possible calibration and correction values. The
receiving station is located, by contrast, in the area of sight
of the user of the headband or helmet in order to display the
measured temperature. If the user of the headband or helmet
is also carrying a respirator with him, the receiving station
may be integrated in the respirator and additionally also
assume measuring and monitoring tasks for the respirator.
Such measuring and monitoring tasks are, ¢.g., the measure-
ment of the pressure in the cylinder in order to make it
possible to calculate the remaining operating time, the
monitoring of the movement of the user of the respirator
with a motion sensor, and the measurement of the ambient
temperature.

[0021] Tt is especially advantageous to provide a wircless
transmission section between the evaluating circuit and the
receiving station. It is possible as a result to remove or put
on the head strap or the protective helmet with integrated
temperature sensor without a cable connection having to be
disconnected or established.

[0022] A contact switch, which is activated when the head
strap is put on and swilches on the power supply for the
evaluating circuit, is advantageously provided on the head
strap. The contact switch is preferably actuated by pressure
when the head strap is placed on the user’s scalp and the
contact switch is activated as a result by contact.

[0023] The various features of novelty which characterize
the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the
accompanying drawings and descriptive matter in which a
preferred embodiment of the invention is illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

[0025] FIG. 1 is a schematic view of a head strap with a
temperature sensor in a protective helmet;

[0026] FIG. 2 is a schematic view showing the tempera-
ture sensor connected to an evaluating circuit; and

[0027] FIG. 3 is a schematic view showing a receiving
station for the measured temperature values received.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0028] Referring to the drawings in particular, FIG. 1
schematically shows a head strap 1 with a forehead band 2

In the drawings:
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and a headband 3, which lies on the head of a headband user
4 and is an inner part 51 of a protective helmet 5 with fixed
outer shell 6. A double temperature sensor 8 is fastened to a
strap section 7. The reference number 9 at the strap section
10 of the headband 3 indicates an alternative position for the
double temperature sensor 8.

[0029] FIG. 2 illustrates the design of the double tem-
perature sensor 8 and of an evaluating circuit 11, to which
the double temperature sensor 8 is connected.

[0030] The double temperature sensor 8 comprises a first
temperature sensor 12, which is in contact with the scalp 13
of the headband user 4, and a second temperature sensor 14,
which is arranged opposite the first temperature sensor 14 in
a thermally insulated manner. The double temperature sen-
sor 8 is fixed on the scalp 13 by the strap section 7 as part
of the forehead band 2.

[0031] An evaluating circuit 11 contains an amplifier 15
with computing unit, a first transceiver-receiver 16 and a
contact switch 17, via which the amplifier 15 is connected to
a battery 18. The contact switch 17 is arranged on the strap
section 7 and is actuated by pressure when the head strap 1,
FIG. 1, is put on. As a result, the amplifier 15 and the
transceiver-receiver 16 are switched on automatically when
the head strap 1 is put on.

[0032] A receiving station 19 shown in FIG. 3 comprises
a second transceiver-receiver 20, an evaluating circuit 21
with a display unit 22, and an alarm means 23. The receiving
station 19 is located either on the body of the headband user
4, so that the user can read the measured temperature
directly, or it is accommodated in a central monitoring
station at some distance.

[0033] The device according to the present invention
operates as follows: The temperature of the scalp 13 is
measured with the first temperature sensor 12, while the
second temperature sensor 14 detects the temperature close
in space or interior space between the head strap 1 and the
inner surface of the outer shell 6 of the protective helmet.
Both measured values are standardized in the amplifier 15
and transmitted to the evaluating electronic unit 21 in the
receiving station 19 via the first transceiver-receiver 16. The
body core temperature of the headband user 4 is calculated
in the evaluating electronic unit 21 from the values mea-
sured with the temperature sensors 12, 14 according to the
calculation formula

te=th1+(th1-th2)*Ks/Kg

[0034] and displayed on the display unit 22. When the
actual value exceeds or drops below limit values set previ-
ously, the alarm 23 is activated. If the data are passed on to
a central monitoring station, the mission leader, care giver or
trainer can decide there which persons must possibly be
called back from the action.

[0035] While specific embodiments of the invention have
been shown and described in detail to illustrate the appli-
cation of the principles of the invention, it will be under-
stood that the invention may be embodied otherwise without
departing from such principles.
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What is claimed is:
1. A device for measuring a body temperature of a user,
the device comprising:

a head strap with a first strap element having a strap
section at least partially in contact with the scalp of a
user and a second strap element with a strap section at
least partially in contact with the scalp of a user; and

a temperature sensor for measuring the skin temperature,
at least one of said first strap section and said second
strap section receiving the temperature sensor.

2. A device in accordance with claim 1, wherein said
temperature sensor is fastened in an area of the forehead of
the user.

3. A device in accordance with claim 1, wherein said
temperature sensor is fastened in the area of the top side of
the head of the.

4. A device in accordance with claim 1, further compris-
ing another temperature sensor for detecting the temperature
of the close in space.

5. A device in accordance with claim 1, wherein the strap
section receiving said temperature sensor is at least partially
provided as a pressure-sensitive element.

6. A device in accordance with claim 1, further compris-
ing a protective helmet wherein the strap sections are
elements of a inner part of a protective helmet with a fixed
outer shell.

7. Adevice in accordance with claim 6, wherein said inner
part is a helmet inner shell.

8. Adevice in accordance with claim 4 further comprising
a protective helmet wherein the strap sections are elements
of a inner part of a protective helmet with a fixed outer shell
wherein said additional temperature sensor is fastened in the
area between the inner part and the inner wall of the outer
shell.

9. A device in accordance with claim 4, wherein said
temperature sensor and said additional temperature sensor
are integrated in one assembly unit providing a double
temperature sensor, in which the temperature sensors are
arranged opposite and thermally insulated from one another.

10. A device in accordance with claim 4, further com-
prising an evaluating circuit and a receiving station, wherein
said temperature sensor and said additional temperature
sensor are connected to said evaluating circuit for transmit-
ting measured temperature values to said receiving station.

11. A device in accordance with claim 10, further com-
prising a wireless transmission section provided between the
evaluating circuit and the receiving station.

12. A device in accordance with claim 10, further com-
prising a contact switch actuating at least said evaluating
circuit by which said evaluating circuit can be brought into
an operating position when the head strap is put on.

13. Amethod of monitoring a users body temperature, the
method comprising:

providing a double temperature sensor with a first tem-
perature sensor and a second temperature sensor in a
protective helmet;
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measuring with said first temperature sensor the tempera-
ture near the skin of the user;

measuring with said second temperature sensor the tem-
perature in the near environment within the protective
helmet;

and using the measured temperature near the skin and
temperature in the near environment to determine the
body core temperature of the user.

14. Abody temperature measurement system, comprising:

a head strap with a strap section at least partially in
contact with the scalp of a user;

a first temperature sensor for measuring the skin tempera-
ture, said strap section supporting said temperature
sensor in contact with the scalp of a user;

a helmet connected to said head strap;

a second temperature sensor connected to one or more of
said temperature sensor and said head strap, said first
temperature sensor and said second temperature sensor
being disposed in said helmet;

an evaluating circuit and a receiving station, wherein said
first temperature sensor and said additional temperature
sensor are connected to said evaluating circuit for
transmitting measured temperature values to said
receiving station, said first temperature sensor measur-
ing the temperature near the skin of the user.

15. A system in accordance with claim 14, wherein said
first temperature sensor is fastened in an area of the forehead
of the user and said first temperature sensor and said second
temperature sensor form a double sensor arrangement with
said second temperature sensor measuring the temperature
in the near environment within the protective helmet.

16. A system in accordance with claim 14, wherein said
second temperature sensor is fastened to a second strap
section in the area of the top side of the head of the user said
second strap section supporting said second temperature
sensor in contact with the scalp of a user.

17. A system in accordance with claim 14, wherein the
strap section receiving said first temperature sensor is at
least partially provided as a pressure-sensitive element.

18. A system in accordance with claim 14, wherein said
strap sections are elements of a inner shell part of said
helmet with a fixed outer shell wherein said second tem-
perature sensor is fastened in the area between the inner part
and the inner wall of the outer shell.

19. A system in accordance with claim 4, wherein said
first temperature sensor and said second temperature sensor
are integrated in one assembly unit providing a double
temperature sensor, in which the temperature sensors are
arranged opposite and thermally insulated from one another.

20. A system in accordance with claim 10, further com-
prising a wireless transmission section provided between the
evaluating circuit and the receiving station.
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