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(54) PROTECTIVE GLOVE, ESPECIALLY FOR FIREFIGHTERS

(57) The invention relates to a protective glove, es-
pecially for firefighters, which comprises an electronic
part with a system of temperature sensor devices (3, 5),
which are connected to a power module (1) and to a
control unit (2), which is coupled to a communication unit
(21), whereby the control unit (2) is arranged on the back
side of the glove. One sensor device of the temperature
is a temperature sensor (3) of the glove surface, which
is located on the back side of one of the fingers of the
glove, and a second sensor device of the temperature is
an infrared sensor (5), which is along with an optical point-
er (6) arranged on the back side of the glove, whereby
on the back side of the glove is further arranged a switch
(8) of operation modes of the electronic equipment of the
glove and an optical indicator (9) of the temperature, the
status of the glove or the operation mode of the electronic
equipment of the glove, wherein both the switch (8) of
modes and the optical indicator (9) are connected to the
control unit (2).
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Description

Technical field

[0001] The invention relates to a protective glove, especially for firefighters, which comprises an electronic part with
a system of temperature sensing devices, which are connected to a power module and a control unit, which is coupled
to a communication unit, whereby the control unit is located on the back side of the glove.

Background art

[0002] Members of rescue services and emergency services, especially firefighters, often work in dangerous conditions
that threaten their health or even lives. Beside other protective equipment, such as helmets, respiratory masks, special
footwear, shields, etc., they also use special protective clothing, which is resistant not only to mechanical damage, but
it is particularly resistant to heat and heat penetration to the wearer’s body (the firefighter’s body). This is convection
heat and radiant heat. Protective clothing or garments are made of different materials and consist of different layers of
materials that perform various protective functions and which result in a synergistic effect of complex protection of the
wearer (the firefighter). On the other hand, the protective clothing or a garment must provide the wearer with sufficient
opportunity for mobility and, if possible, give the wearer some comfort to be able to carry out their activities for the
required time.
[0003] One of the essential elements of protection, especially for firefighters, are gloves, which must provide the wearer
with a sufficient level of protection and at the same time must ensure sufficient mobility of the hand and particularly the
fingers.
[0004] EP 2407039 A2 discloses an article to be worn on the body, particularly a garment, equipped with a sensor
device which can be used to monitor at least one physical and/or chemical and/or physiological property of the person
wearing the object and/or to monitor the surroundings of the person and with evaluation electronics, which converts the
signals of the sensor device into radio signals. This article to be worn is preferably designed as a protective glove with
a sensor device, with which at least one physical and/ or chemical and/or physiological characteristic of the person
wearing the protective glove and/or the person’s surroundings can be detected. The evaluation electronics converts the
signals of the sensor device into radio signals, which are then transmitted by means of a transmission device to a receiver
for the radio signals of the protective gloves worn on the bodies of other persons, and/or to the control center. The sensor
device comprises at least a temperature sensor, which measures the temperature of the surface of the person’s body
or which measures the temperature of the person’s environment. The sensor device may also comprise an acceleration
sensor, a positioning system, a barometer and/or an altitude meter, etc. Also, the glove can give an acoustic, optical
and/or haptic signal. On the back side of the protective glove is integrated a temperature sensor to detect the temperature
of the skin, a temperature sensor to detect the temperature of the environment, at least one sensor of acceleration and
the evaluation electronics. The radio network created by the gloves is created as an "ad hoc" wireless network, through
which is transmitted the data of the sensor devices of the protective gloves and/or of the control center, whereby the
individual protective gloves constitute nodes of the communication network.
[0005] Other protective equipment, especially for firefighters, is known, for example, from DE 20 2005 021140 U1, US
2006/022882, DE 100 47 533 A1 and DE 103 50 869.
[0006] However, the disadvantage of the solution according to EP 2 407 039 A2 is over-automation in the functioning
of the glove and its electronic elements, which limit the possibilities of the firefighter in action on the scene to use at
least some sensors of the glove on the basis of their personal decision while maintaining the functions of automatic
monitoring the status, data transmission, etc. Another drawback is the formation of an ad-hoc wireless network, which
can be affected by radio interference around the area of the emergency action, where everyone communicates with
everyone else. What is more, such ad-hoc networks are not, as a rule, secured against attacks, etc.
[0007] The goal of the invention is to remove or at least to minimize the disadvantages of the background art.

Principle of the invention

[0008] The goal of the invention is achieved by a protective glove, especially for firefighters, whose principle consists
in that one temperature sensing device is a temperature sensor of the glove surface, located on the back side of one of
the fingers of the glove, and a second temperature sensing device is an infrared sensor, arranged on the back side of
the glove along with an optical pointer, whereby on the back side of the glove is further disposed a switch of operation
modes of the glove electronics and an optical indicator showing the temperature, the glove status or the operation mode
of the electronics of the glove, wherein both the switch of modes and the optical indicator are connected to a control unit.
[0009] The advantage of the protective glove according to the invention is a high degree of protection it provides
despite the incorporated electronic elements, which are, however, universally and easily exploitable and whose infor-
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mation is displayed directly on the glove in a very simple and clear manner. At the same time, the glove is capable of
providing information about temperatures directly to the user on the scene without the need for another display device,
as well as to a remote observer, e.g., the commander of the emergency action, etc. Simultaneously, the data showing
the temperature development is automatically stored. Another advantage of this solution is the fact that the glove enables
to measure the temperature of distant areas. This solution also enables to create a glove which is easily washable by
ordinary washing means (a common washing machine and an ordinary detergent). Another advantage is the fact that
by integrating all the electronic and mechanical parts directly into the design of the glove, the glove is safe because the
incorporated electronics and other elements do not protrude through anywhere and do not get caught. The electronics
and other elements do not interfere with the use of gloves even in challenging conditions. Another advantage of this
solution is the fact that the glove can be used either alone or in combination with a superior system, e.g. a smart firefighter
suit, etc. Another indisputable benefit is easy data transmission to common communication means, such as smart
phones, and then through them on to the internet (cloud solutions and the like), which allows to record and analyze data,
etc. Another advantage is the fact that the glove user can set the limits of signaling (e.g. changing signaling colors, etc.)
according to their own preferences and needs.

Description of drawings

[0010] The invention is schematically represented in the drawing, where Fig. 1 shows a top view of the arrangement
of the protective glove, Fig. 2 shows a view of the upper side of the protective glove, Fig. 3 shows a detail of the interior
space of the glove to accommodate a battery, Fig. 4 shows an exemplary embodiment of the glove according to the
invention with advanced visual displaying the status and Fig. 5 illustrates an embodiment of the glove according to the
invention with a control unit, an infrared sensor, an optical pointer and an optical indicator arranged entirely under the
outer layer of the glove, i.e. without a silicone protective cover.

Examples of embodiment

[0011] The invention will be described on an embodiment of a whole-textile protective glove for firefighters, which is
composed of an outer layer and a system of inner layers. All the layers together ensure a synergistic effect both in terms
of mechanical resistance of the glove and in terms of its thermal and heat resistance.
[0012] The protective glove, especially for firefighters, is further equipped with an electronic part, which ensures the
sensing and communication functions of the glove. The electronic part of the glove comprises a system of sensing
devices of physical quantities. The sensing devices are connected to a power module 1 and to a control unit 2. The
control unit 2 is provided with a communication unit 21 of paired radio data transmission in unlicensed waveband, which
is most conveniently formed by a wireless communication module with a standardized pairing and communication
protocol, e.g. Bluetooth.
[0013] The power module 1 is composed of an accumulator of electrical energy, which is provided with a connector
10, with which is aligned a connector 20 of the control unit 2, whereby the connectors 10, 20 can be repeatedly discon-
nected and reconnected. The accumulator is mounted in the inner pocket 11 of the glove, in which it is enclosed, e.g.
by means of a zipper or Velcro. Most preferably, the accumulator is located on the side of the wrist of the wearer’s hand
in the cuff of the glove, as is apparent from Fig. 3. The accumulator can be repeatedly charged by disconnecting the
connectors 10 and 20, and by connecting the connector 10 to a suitable external charger, whereby the accumulator can
be charged directly in the glove or after being removed from the glove. The accumulator is preferably of the Li-Ion type,
which is a kind of technology enabling to produce tailored and thin-profile accumulators of a required capacity and output
voltage, particularly accumulators capable of being charged by chargers that are readily available, e.g., by chargers for
mobile phones.
[0014] The control unit 2 is arranged in the glove in a suitable place, most suitably on the back side of the glove under
at least one, but preferably by at least two layers of the glove, i.e. in the case of a whole-textile glove under at least two
textile layers of the glove. The control unit 2 is designed as a flat plate comprising the desired electronic and electric
elements to ensure the operation, including the wireless communication with pairing and communication protocol, e.g.
Bluetooth, operating in unlicensed waveband from 2.4 GHz to 2.5 GHz.
[0015] The control unit 2 is coupled to a temperature sensor 3 of the surface of the glove, which is located on the back
side of one of the fingers of the glove, preferably on the back side of the ring-finger 4 of the glove, where it is relatively
well protected from excessive mechanical load when this finger, i.e. the ring-finger, is being used by the user. The
temperature sensor 3 is composed of a K type thermocouple, which is overlaid with a cap 30, made, e.g., of textile
material Nomex® and is in contact with the ambient air. The temperatures measured by the K type thermocouple are
typically in the range from -200 °C to +1250 °C.
[0016] On the back side of the glove is further arranged an infrared sensor 5, which is in the illustrated example of
embodiment placed in a common holder 7 with an optical pointer 6, formed, for example, by a laser diode. The infrared
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sensor 5 is able to measure remotely the temperature of a distant area, whereby it is the optical pointer 6 that enables
the infrared sensor 5 to direct towards the required distant surface (potentially dangerous hot spots).
[0017] On the back side of the glove is further arranged a switch 8 of operation modes of the electronics of the glove
and an optical indicator 9 of the temperature, the status of the glove or the mode of operation of the electronics of the
glove. Both the switch 8 of modes and the optical indicator 9 are connected to the control unit 2, which ensures their
power supply and function. For example, the optical indicator 9 comprises at least one light-emitting diode (LED), most
preferably an RGB LED chip with at least three colors of light - green, yellow (orange) and red. In a preferred embodiment,
the optical indicator 9 at one moment signals a status detected only by one sensor. The optical indicator 9 also serves
to indicate wireless connection to a superior unit, which may be composed of, e.g., the control unit of a smart firefighter
suit or of a smart phone of the user (or of some other portable devices). It also serves to indicate the necessity to recharge
the accumulator of the power module 1, etc. Thus, the optical indicator 9 is able to change automatically the color of its
light on the basis of the instruction of the control unit 2, e.g. according to the temperature measured by the temperature
sensor 3 on the glove surface, or according to the temperature of a distant surface measured by the infrared sensor 5,
etc. Optionally, the optical indicator 9 is capable of changing the color also when one of the set threshold temperatures
is exceeded. The threshold temperatures are set by the user himself.
[0018] The optical indicator 9, consisting of three color light emitting diodes - green, yellow (orange) and red, enables
to signal different temperatures of the temperature being currently measured, e.g., if the measured temperature is below
100 °C, the green LED is flashing, if the measured temperature is in the range between 100 °C and 200 °C, the yellow
(orange) LED blinks continuously, and if the measured temperature is above 200 °C, the red LED blinks continuously.
The setting of the displayed threshold values can be performed independently for the measurement of the temperature
TC of the surroundings of the glove by the temperature sensor 3 (thermocouple) and for the measurement of the
temperature IR of a distant area by the infrared sensor 5.
[0019] The temperatures that have been measured, whether these are the temperatures of a distant area measured
by the infrared sensor 5, or the temperatures in the surroundings of the glove measured by the temperature sensor 3
on the glove surface, are transmitted through a wireless communication unit 21 by means of a standardized pairing and
communication protocol to a paired common communication means (a phone, a tablet, a superior unit in a smart firefighter
suit, etc.), where they are recorded and/or transmitted on-line to the incident commander of an emergency action. These
recorded and transmitted temperatures are temperatures that have been actually measured, which means that this is
not just a record of the occurrence of limit values, but a record of the course of temperatures throughout the emergency
action. If the wireless communication unit 21, has a sufficient performance or if during the emergency action each wearer
of the glove has a phone, a tablet, a computer or another communication unit paired with his gloves on him, the com-
munication unit being set for online data transmission to the incident commander, then this data is available also to the
incident commander. A more detailed analysis of the recorded data can be also performed after the emergency action.
[0020] Figs. 4 and 5 show an exemplary embodiment of the glove according to the invention with advanced visual
status display, wherein the glove comprises on its back side an optical indicator 9 created in the form of a display strip
(column), which is arranged besides, or, more specifically, along a common holder 7 of the infrared sensor 5 and the
optical pointer 6. The optical indicator 9 comprises three to ten light-emitting diodes, which are either monochromatic,
or multicolored for clearer optical signaling. In the illustrated example of embodiment, the display strip comprises five
color LEDs, one of which is green, two are yellow and two are red, with the aid of which the temperatures measured by
the sensors 3 and 5 are displayed more accurately and the user receives better and more accurate information. The
control unit 2 is preferably set in such a manner that only one green diode lights at the lowest temperatures measured,
at an elevated temperature always two diodes light. Due to this, the wearer can recognize more temperature stages.
Thus, in the illustrated embodiment with five LEDs six temperature stages are recognized in comparison to three tem-
perature stages in an embodiment with three LEDs having the colors of the traffic lights (green, yellow (orange), red).
The following table shows an exemplary diagram of temperatures measured and indicated by means of five LEDs:

LED
TC IR

from °C to °C from °C to °C

green 100 100

green orange 1 100 125 100 150

orange 1 orange 2 125 150 150 200

orange 2 red 1 150 175 200 250

red 1 red 2 175 200 250 300

red 1 flashes red 2 flashes 200 300
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[0021] In the embodiment in Fig. 4, the glove is on its back side in the area by the switch 8 of modes provided with a
separate status LED 80, which is independent of the optical indicator 9 and which by means of different types of lighting
and flashing displays the accumulator charge status (charged, insufficiently charged, discharged), the status of pairing
the glove with a superior electronic means (paired, unpaired, connected, unconnected), e.g., with a smart firefighter suit,
a mobile phone, etc.
[0022] In the examples of embodiment in Figs. 1 to 4, the individual elements of the electronic equipment of the glove
located on the back side of the glove are overlaid with a protective cover 23, which is attached to the outer layer of the
glove. The protective cover is preferably made of a flexible material exhibiting long-term temperature resistance (to
temperatures above 150 °C).
[0023] In the embodiment in Fig. 5, the control unit 2, the infrared sensor 5, the optical pointer 6 and the optical indicator
9 are arranged entirely under the outer layer of the glove, i.e. are without a silicone protective cover 23. As a result, the
glove has a longer service life and can be used at temperatures higher than those which are allowed by the protective
cover 23. In addition, the integrated electronics is less restrictive in terms of mobility or annoying to the user, since the
design of the glove closely resembles a glove without electronics. In this exemplary embodiment, the entire electronic
equipment, i.e. the control unit 2 with the optical pointer 6 and the infrared sensor 5, is designed as one anatomically
shaped unit 24, which corresponds in shape to the back side of the user’s hand. This anatomically shaped unit 24 is
directly integrated into the backside layers of the glove and is entirely overlaid with a material of the outer layer of the
back side of the glove and only on the front side of this anatomically shaped unit 24 and the optical pointer 6 and the
infrared sensor 5 are directed out of the glove towards the space in front of the glove. The material of the outer layer of
the back side of the glove in the illustrated example of embodiment only comprises windows for the optical indicator 9
in the form of the above-described display strip (column) and a window for the separate status LED 80. In an unillustrated
example of embodiment, in the seam of the index finger edge (or in another seam) of the glove are led out at least three
side-emitting fiber optic links (green, yellow (orange), red), which bring the light of the LED of the optical indicator 9 from
the inside of the glove to the surface of the glove.
[0024] The electronic equipment of the glove works in such a manner that it is put into operation by pressing the button
of the switch of modes 8 disposed on the back side of the glove. With a proper connection, a charged accumulator and
ambient temperatures below 100 °C, the status LED indicator lamp 80 flashes green. If the accumulator of the glove is
not sufficiently charged, the status LED 8 starts to flash red. The electronics is switched off by a long touch of the button
of the switch of modes 8. During the operation, it is possible to change the current operation mode of the electronics by
a short touch on the button of the switch of modes 8. In the basic operation mode, the electronics is set to measure the
temperature by means of the temperature sensor 3 on the surface of the glove. The level of the temperature measured
is indicated by the system of LEDs of the optical indicator 9. After pressing the button of the switch of modes 8, the
electronics switches to another mode in which the temperature of distant surfaces is measured by means of the infrared
sensor 5 and, at the same time, the associated optical pointer 6 is actuated. The level of the temperature measured is
again indicated by the system of the LEDs of the optical indicator 9. Pairing the electronics of the glove by means of
wireless communication with the control unit of a smart firefighter suit or with a smart phone of the user is carried out in
such a manner that after switching on the electronics of the glove, there is an automatic attempt to pair the glove with
the superior means which have been already paired before. If the glove has not been paired and at the same time the
temperature being measured is below 100 °C and the accumulator is charged, the green light of the status LED 8 is
flashing fast. If the glove electronic circuit has been paired and at the same time the temperature being measured is
below 100 °C and the accumulator is charged, the status LED 8 is slowly flashing green.
[0025] The electronic circuit of the glove is protected from moisture, so the glove can be routinely washed and dried.

Claims

1. A protective glove, especially for firefighters, which comprises an electronic part with a system of temperature sensor
devices (3, 5), which are connected to a power module (1) and to a control unit (2), which is coupled to a communication
unit (21), whereby the control unit (2) is located on the back side of the glove, characterized in that one sensor
device of the temperature is a temperature sensor (3) of the glove surface, which is located on the back side of one
of the fingers of the glove, and a second sensor device of the temperature is an infrared sensor (5), which is along
with an optical pointer (6) arranged on the back side of the glove, whereby on the back side of the glove is further
arranged a switch (8) of operation modes of the glove electronics and an optical indicator (9) of the temperature,
status of the glove or operation mode of the glove electronics, wherein both the switch (8) of modes and the optical
indicator (9) are connected to the control unit (2).

2. The protective glove according to claim 1, characterized in that the infrared sensor (5) and the optical pointer (6)
are arranged in a common case (7).
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3. The protective glove according to claim 1, characterized in that the optical indicator (9) comprises at least one
light-emitting diode.

4. The protective glove according to claim 3, characterized in that the optical indicator (9) comprises a display strip
with two to ten light-emitting diodes.

5. The protective glove according to claim 1, characterized in that the temperature sensor (3) is composed of a
thermocouple, which is overlaid with a protective cap (30) and is in contact with the ambient air.

6. The protective glove according to claim 1, characterized in that the control unit (2) is coupled to a wireless com-
munication unit (21) with a pairing and communication protocol for transmitting and recording the measured values
on the paired device.

7. The protective glove according to claim 1, characterized in that on the back side of the glove is disposed a separate
status light-emitting diode (80), which is independent of the optical indicator (9) and is used for displaying the status
of the glove electronics.

8. The protective glove according to any of claims 1 to 7, characterized in that the infrared sensor (5), the optical
pointer (6), the switch (8) of modes, the optical indicator (9) of the temperature and the status light-emitting diode
on the back side of the glove are overlaid with a protective cover (23), which is attached to the outer layer of the glove.

9. The protective glove according to any of claims 1 to 8, characterized in that the infrared sensor (5), the optical
pointer (6), the switch (8) of modes, the optical indicator (9) of the temperature and the status light-emitting diode
on the back side of the glove are arranged completely under the outer layer of the glove.

10. The protective glove according to claim 9, characterized in that optical indication is performed by fiber optic links,
which are arranged on the surface of the glove.
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