EP 4 394 735 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
03.07.2024 Bulletin 2024/27

(21) Application number: 23216336.0

(22) Date of filing: 13.12.2023

(11) EP 4 394 735 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
GO08B 21/02 (2006.01) GO8G 1/04 (2006.0)
GO8B 5/00 (2006.07)

(52) Cooperative Patent Classification (CPC):
G08B 21/02; GO8B 5/004; G08G 1/04; G08G 1/166

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 27.12.2022 CZ 20220553

(71) Applicant: Zapadoceska univerzita v Plzni
301 00 Plzen (CZ)

(72) Inventors:
¢ Honner, Milan
323 00 Plzen (C2)
¢ Honnerova, Petra
345 62 Holysov (C2)

(74) Representative: Cerych, Ondrej
Narodni 58/32
110 00 Prague 1 (CZ)

(54)
SAFETY REFLECTIVE ELEMENT

(67)  The essence of the invention in that it contains
aninfrared thermographic camera and atleast one safety
reflective element, located on an object whose visibility
is ensured, while the functional optical surface of the safe-
ty reflective element is located in the field of view of the
infrared thermographic camera and the infrared thermo-
graphic camera is located in the field of reflection of the
sky from the functional optical surface of the safety re-

FIG. 1

INFRARED SAFETY SYSTEM TO IMPROVE THE VISIBILITY OF OBJECTS AND INFRARED

flective element.

The subject of the invention is also an infrared safety
reflective element, the essence of which is that the func-
tional optical surface of the safety reflective element has
a spectral reflectance in the band 1 to 15 um higher than
0.5, while the area of the functional optical surface is
greater than 25 mm?2,
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Description

Field of technology

[0001] Theinventionrelatestoan infrared security sys-
tem that ensures an increase in the visibility of objects
when it is desirable to ensure maximum visibility from a
security point of view, and when the natural visibility of
the object with the human eye or a video camera is not
sufficient to distinguish the object from its surroundings.
The invention further relates to an infrared safety reflec-
tive element. Typically, these are requirements for en-
suring traffic safety in the operation of autonomous or
human-controlled means of transport, participants in traf-
fic or transport infrastructure.

Current state of the art

[0002] Infrared thermographic cameras are used in ve-
hicles to increase the visibility of surrounding objects as
a driver assistance system or as part of autonomous ve-
hicle sensors. The reason is that the human eye or a
video camera under reduced visibility conditions, such
as darkness or fog, are not able to sufficiently distinguish
surrounding objects, especially other means of transport,
participants in traffic, traffic infrastructure, and thus there
is an increased risk of a traffic accident. A similar effect
is achieved by the use of lights that illuminate the sur-
roundings of the vehicle in the visible range for the driver,
but reduce the visibility of the surroundings for drivers of
oncoming vehicles. The imaging of objects by an infrared
thermographic camera is not affected by the aforemen-
tioned light problems that is why infrared thermographic
cameras are used as driver assistance systems or as
part of the sensors of autonomous vehicles.

[0003] Within the current state of the art, the use of
infrared thermographic cameras in transport is limited to
cases where the object’s surface has a different temper-
ature from its surroundings. The disadvantage is that the
detection of objects is based only on the natural proc-
esses of thermal radiation of objects, and in certain cases
the objects are not sufficiently distinguishable againstthe
background of their surroundings in the infrared radiation
band. On the one hand, these are cases where an object,
for example a covered pedestrian in winter clothes at low
temperatures, approaches its surroundings with its ther-
mal footprint. On the other hand, there are cases when
a part of the surroundings with its thermal footprint is
close to objects of traffic, for example, in summer, tree
trunks heated by sunlight look similar to pedestrians in
light summer clothes when viewed by an infrared ther-
mographic camera.

[0004] Safety reflective elements are widely used to
increase visibility. They can be found on the clothing of
traffic participants, on vehicles and on the transport in-
frastructure. These reflective elements are based on the
principle of retroreflectivity. They reflect visible light that
comes from a light source in the direction of an observer
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who is connected to this source of illumination. Typically,
this involves using the main or dipped beam of a moving
car and reflecting it with the help of reflective elements,
for example on bollards around the road, towards the
driver of this car.

[0005] As part of the current state of the art, safety
reflective elements are used for the visible range of elec-
tromagnetic radiation. The disadvantages of these retro-
reflective elements are, on the one hand, the need for a
source of radiation that must illuminate this safety reflec-
tive element, otherwise it cannot be seen, and, on the
other hand, the fact that these reflective elements are
designed to reflect the visible part of the spectrum of elec-
tromagnetic radiation and do not fulfil this function of ret-
roreflectivity for infrared radiation.

[0006] Toincrease visibility, active sources of radiation
are also used, for example safety lights alerting the driver
to construction work in progress and related obstacles
on the road or beacons of different colours alerting the
driver to moving or standing transport or rescue vehicles.
[0007] The disadvantage of these safety lights is that
they consume energy and it is necessary to ensure their
power either through batteries or by connecting to the
electrical network. Another disadvantage is that they pri-
marily emit light, i.e. the visible part of the spectrum of
electromagnetic radiation. They are thus rather invisible
to infrared thermographic cameras and blend in with their
surroundings.

The essence of the invention

[0008] The mentioned disadvantages are largely elim-
inated by the infrared safety system for improving the
visibility of objects according to the invention, the es-
sence of whichis thatitcontains aninfrared thermograph-
ic camera and at least one safety reflective element,
placed on the object whose visibility is ensured, while the
functional optical surface of the safety reflective element
is located in the field of view of the infrared thermographic
camera, and the infrared thermographic camera is locat-
ed in the field of reflection of the sky from the functional
optical surface of the safety reflective element.

[0009] A moving aperture is advantageously inserted
between the functional optical surface of the safety re-
flective element and the infrared thermographic camera.
[0010] The subject of the invention is also an infrared
safety reflective element, the essence of which is that
the functional optical surface of the safety reflective ele-
ment has a spectral reflectance in the band 1 to 15 um
higher than 0.5, while the area of the functional optical
surface is greater than 25 mm?2.

[0011] The functional optical surface of the safety re-
flective element is preferably made up of at least two
parts, each of which is oriented differently in the vertical
and/or horizontal direction. , whereby the safety reflec-
tive element may include a rotating mechanism.

[0012] The safety reflective element preferably has the
shape of a truncated cone or a truncated pyramid.
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[0013] The functional optical surface of the safety re-
flective element can be applied directly to the surface of
the object whose visibility is ensured and copies its
shape.

[0014] The basic advantage of the infrared security
system and the infrared security reflective element ac-
cording to the invention is that they purposefully increase
the visibility of the object using infrared thermographic
cameras, beyond the normal state given by the natural
temperature distribution of the object and its background.
[0015] Since the infrared radiation of the sky is signif-
icantly lower than the infrared radiation of objects and
their surroundings, in the entire natural range of summer
and winter temperatures day and night, the infrared safe-
ty reflective elements according to the invention provide
sufficient contrast to distinguish the object from its back-
ground in a much wider spectrum of traffic situations, and
thus enable a much more effective use of infrared ther-
mographic cameras to ensure safety, for example in traf-
fic.

[0016] Another advantage of the infrared security sys-
tem, including the infrared security reflective element ac-
cording to the invention, is that by using a greater number
of these elements on an object, its characteristic shape
can be visualized. By using parts of the element that af-
fect the processes of infrared radiation, temporal chang-
es in visibility for an infrared thermographic camera can
be provided. The benefit is a further increase in the in-
formation value of the use of these elements, which can,
for example, better visualize dangers or direct the re-
sponse of the driver or the control system of an autono-
mous vehicle.

[0017] The advantage of the infrared safety system,
including the infrared safety reflective element according
to the invention, is that they use an infrared region of the
spectrum that is different from the use of retroreflective
elements in the visible region of the spectrum, and there-
fore do not interfere with their function in any way. Since
the infrared safety reflective element according to the
invention works on a passive principle using the reflection
of sky radiation, it does not require a radiation source for
its function and thus eliminates the use of light sources
and energy consumption for their operation.

Clarification of drawings

[0018] An exemplary embodiment of the invention is
shown in the attached figures, where Fig. 1 schematically
shows the overall arrangement of the infrared security
system including infrared radiant processes and the prin-
ciple of the function of the infrared safety reflective ele-
ment, Fig. 2 shows a detail of the infrared safety reflective
element and its functional parts, Fig. 3 shows an infrared
safety reflective element with a functional optical surface
consisting of multiple parts, Fig. 4 shows an infrared safe-
ty reflective element with a movable diaphragm, Fig. 5
shows aninfrared safety reflective elementwith a rotating
diaphragm, Fig. 6 shows a flip-up infrared safety reflec-
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tive element, Fig. 7 shows rotatable infrared safety re-
flective element in plan view, Fig. 8 shows the rotatable
infrared safety reflective element in side view, Fig. 9
shows the use of infrared reflective elements for the cas-
es of infrared thermographic cameras on vehicles, Fig.
10 shows the use of the infrared safety reflective ele-
ments for the cases infrared thermographic cameras on
the transport infrastructure.

Exemplary embodiment of the invention

[0019] An exemplary embodiment of the infrared safe-
ty reflective element 1 according to the invention is shown
in Fig. 1, which shows the overall arrangement of the
radiation processes and the principle of the function of
the infrared safety reflective element 1. The safety re-
flective element 1 is placed on the objgct 6, that has to
be visible againﬁe background when viewed by the
infrared thermographic camera 3. The safety reflective
element 1 is placed on the object_s in such a way that it
reflects the infrared radiation of the sky 18 into the as-
sumed field of view 8 of the infrared therm?graphic cam-
era 3 in its direction of view 7. The infrared radiation of
the o_bject 16 and the infrared radiation of the background
17 and esp_ecially the reflected infrared radiation of the
&y 19 are thus simultaneously present in the field of view
8 and fall on the detector of the infrared thermographic
camera 3.

[0020] "A detail of the infrared safety reflective element
1 and its functional part is shown in Fig. 2. The body 13
forms the volume of the safety reflective element 1. At-
tached to it is the attachment 15, which is used to mount
the safety reflective element 1 to the object 6. Part of the
surface of the body 13 forms a functional opﬁcal surface
2, which has a higrﬁeﬂectivity in the infrared band of
aectromagnetic radiation, especially in the band of com-
monly used infrared thermographic cameras, i.e. be-
tween 1 and 15 micro meters. Volumetric metal materials
such as copper or aluminium or their alloys can be used,
or the functional optical surface 2 can be formed by de-
positing a thin layer of titanium nitride, for example.
[0021] The functional optical surface 2 is further char-
acterized by the size of its surface and its spatial orien-
tation. The minimum size of the functional optical surface
2is 25 mmZ. This dimension is based on the requirement
that the functional optical surface 2 occupies at least 3x3
pixels of the detector of the infrared thermographic cam-
era 3 in the field of view 8 of the infrared thermographic
camera3atthe assumed;iewing distance of the object 6.
[0022] “The spatial orientation of the functional optica
surface 2 with respect to the infrared thermographic cam-
era 3 and the sky 18 is such that the infrared thermo-
grap_hic camera 3 is located in the reflection field 10 of
the sky 5. At the same time, this reflection field m of the
sky 5 is defined by surrounding objects, for example
trees_, buildings, which prevent the infrared radiation of
the sky 18 from impacting on the functional optical sur-
face 2. o
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[0023] The functional optical surface 2 of the safety
reflective surface 1 can alternatively be made up of sev-
eral parts oriented vertically or horizontally in different
directions, as shown in Fig. 3. The shape of the body 13
and the individual parts of the functional optical surface
2 are oriented in such a way that they do not shade each
other in the reflection of infrared sky radiation 18 to the
assumed direction of view 7 of the infrared thermo_graphic
camera 3. This arrangemgnt is advantageously used in
cases where it is necessary to reduce the platform area
of the safety reflective element 1 or it is necessary to
increase the field of reflection 10 of the sky 5. With regard
to the expected long-term use of the safety_reflective el-
ement 1 in the external environment, it is advisable to
equip the functional optical surface 2 with a protective
cover 14. This protective cover 14 capies the shape of
the functional optical surface 2 so that water runs off it
when it rains. For example, it is made of polyethylene,
i.e. a material with sufficient optical transmittance for the
incident infrared radiation of the sky 18 and the reflected
infrared radiation of the sky 19. o

[0024] To highlightthe contrast of the reflected infrared
radiation of the sky 18 and the infrared radiation of the
object16, the construction of the safety reflective element
1can be_equipped with a movable aperture 11. This mov-
able aperture 11, as shown in Fig. 4, inone ofits positions
prevents the Teflected infrared radiation of the sky 18
from shining into the field of view 8 of the infrared ther-
mographic camera 3. In this positE)n, the infrared ther-
mographic camera 3 thus detects the infrared radiation
of the object 16, which comes from this movable aperture
11. This construction of the safety reflective element 1
can be used in cases where it is necessary to make this
safety reflective element 1 invisible at certain times. Ei-
ther these are cases whe_re, for a certain time, there is
no need to make the object 6 visible for viewing by the
infrared thermographic camera 3 and it is not advanta-
geous to remove the safety reflective element 1 from the
object 6, or these are cases where the temporal change
of the radiation falling on the infrared thermographic cam-
era 3 will bring additional visibility of the object 6. Accord-
ing to the requirements for the operation of the safety
reflective element 1, this movable aperture 11 can be
realized by a manual or automatic mechanism.

[0025] Another way of realizing the safety reflective el-
ement 1 with a movable aperture 11 is shown in Fig. 5.
ltisa ro?ating movable aperture 11 with openings through
which the reflected infrared radiation ofthe sky 19 passes
into the infrared thermographic camera 3. In the rotated
position, the rotating movable aperture 1 1 covers the field
of reflection 10 of the sky 5 and the infrared radiation of
the object 16 comes into the infrared thermographic cam-
era 3. The rotational movement of the movable aperture
11 thus induces a periodic signal formed partly by the
reflected infrared radiation of the sky 19 and partly by the
infrared radiation of the object 16. o

[0026] Another way to technic?ly ensure a change in
incidence of the reflected infrared radiation of the sky 18
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on incidence of the infrared radiation of the object 16 on
the infrared thermographic camera 3 is shown by the
design of the safety reflective element 1 with a rotating
mechanism 12 in Fig. 6. The rotating mechanism 12 en-
ables a charﬁe in the spatial orientation of the bo_dy 13
and thus a change in the spatial orientation of the func-
tional optical surface 2 to a position where the functional
optical surface 2 does not reflect the infrared radiation of
the sky 18 but the infrared radiation of the background
17in the direction of view 7 of the infrared thermographic
camera 3. The background infrared radiation 17 is similar
in |ntenS|ty to the infrared radiation of the object 16 and
different from the intensity of the reflected infrared radi-
ation of the sky 19. If the rotary mechanism 12 changes
the spatial orientation ofthe body13and therefore chang-
es the spatial orientation of the functional optical surface
2 outside the field of view 8 of the infrared thermographic
camera 3, for example by shading the security reflective
element 1 with its own body 13, the object 6 appears as
ifit were a functional optical smFace 2 shadeaby amoving
aperture 11. B

[0027] The rotary mechanism 12 can also be used in
the construction of the safety reflective element 1 in the
arrangement shown in the platform view in Fig. 7 and in
the side view in Fig. 8. The rotary mechanism 12 enables
the spatial orientation of the body 13 and thus the func-
tional optical surface 2 to be chang_ed so that it periodi-
cally prevents the reflected infrared radiation of the sky
18 be incident in the direction of view 7 of the infrared
ﬁermographic camera 3. Advantageo_usly, in such a
case, the design of the saf_ety reflective element 1 is used
with a functional optical surface 2 consisting of several
parts that reflect the infrared radiation of the sky 18 in
different directions. Infrared radiation of the object 16 and
reflected infrared radiation of the sky 19 radiates_cycli-
cally at certain intervals on the detector of the infrared
thermographic camera 3 directed in the direction of view
7 of the object6 , to whichsucha rotating safety reflective
element 1 is attached. The result is an enhancement of
the visibil_ity of the safety reflective element 1 and thus
also of the object 6 with which the safety reflective ele-
ment moves. -

[0028] The use of infrared safety reflective elements
accordingto the inventionis such that the safety reflective
element 1 is a part of the surface of a means of transport,
transport_infrastructure or a traffic participant and is used
when sensing traffic with infrared thermographic camer-
as 3, which can be placed on means of transport or on
transport infrastructure.

[0029] Attimes when its functional optical surface 2 is
oriented in the direction of view 7 of the infrared thermo-
graphic camera 3 and the reflected infrared radiation of
the sky 19 is not blocked by the movable aperture 11 or
its bodyB a different radiation intensity falls on the de-
tector of the infrared thermographic camera 3 from the
surface of the functional optical surface 2 than from the
surface of the object 6 on which the safe_ty reflective el-
ement 1 is located, as well as from the background 4_1 of
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the object 6. This difference in the spatial distribution of
the intensity of the incident radiation and its time course
ensures an increase in the visibility of the object 6 when
scanned by the infrared thermographic camera 3.
[0030] An example of the use of infrared safety_reflec-
tive elements 1 when scanning traffic with an infrared
thermographic_camera 3 placed as part of vehicles is
shown in Fig. 9. The purpose is to display the traffic sit-
uation and draw attention to danger. The infrared safety
reflective elements 1 fulfil their function if they are placed
on non-moving part_s of the transport infrastructure 22,
such as on bollards, guardrails, building obstacles oras
part of vertical or horizontal traffic markings. The infrared
safety reflective elements 1 also fulfil their function if they
are placed on moving means of transport 20, such as on
cars and trucks, trams, trolleybuses or biTycIes, or on
traffic participants 21 as, for example, part of clothing or
luggage of pedestn%ns.

[0031] An example of the use of infrared safety reflec-
tive elements 1 when sensing traffic with an infrared ther-
mographic camera 3 placed as part of the traffic infra-
structure 22. The pu_rpose is to monitor traffic. The infra-
red safetyEﬂective elements 1 fulfil their function if they
are placed on moving means of transport 20, such as on
cars and trucks, trams, trolleybuses or bicycles, or on
traffic participants 21 as, for example, part of clothing or
luggage of pedestn%ns.

Industrial applicability

[0032] The invention can be used in all situations in
whichitis necessary for security or other reasons to make
the object visible beyond the scope of the object’s visi-
bility with the human eye. This involves the installation
of safety reflective elements on parts of the means of
transport, on traffic participants and on the transport in-
frastructure. The use is in combination with the use of
infrared thermographic cameras installed as part of the
vehicle as driver assistance systems or the sensor sys-
tem of the autonomous vehicle. The use of an infrared
security system to increase the visibility of objects is also
possible in the case of the installation of stationary infra-
red thermographic cameras as part of the traffic infra-
structure monitoring traffic, while safety reflective ele-
ments are placed on moving vehicles or traffic partici-
pants.

List of relationship tags

[0033]

1- safety reflective element

2- functional optical surface

3- infrared thermographic camera
4- background

5- the sky

6 - object

7- direction of view
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8- field of view

9- direction of reflection

10 - field of reflection

11 - movable aperture

12 - rotating mechanism

13- body

14 - protective cover

15- attachment

16 -  objectinfrared radiation

17 - background infrared radiation
18 - infrared radiation of the sky
19 - reflected infrared radiation of the sky
20 - means of transport

21 - traffic participant

22 - transport infrastructure
Claims

1. Aninfrared security system forimproving the visibility
of objects, characterized by the fact that it contains
an infrared thermographic camera (3) and at least
one security reflective element (1), located on the
object (6), the visibility of which is ensured, while the
functional optical surface (2) of the security of the
reflective element (1) is located in the field of view
(8) of the infrared thermographic camera (3) and the
infrared thermographic camera (3) is located in the
field of reflection (10) of the sky (5) from the functional
optical surface (2) of the safety reflective element (1).

2. An infrared security system, according to claim 1,
characterized in that a movable aperture (11) is
inserted between the functional optical surface (2)
of the security reflective element (1) and the infrared
thermographic camera (3).

3. An infrared safety reflective element, according to
claim 1, characterized in that the functional optical
surface (2) of the safety reflective element (1) has a
spectral reflectance in the band 1 to 15 um higher
than 0.5, while the area of the functional optical sur-
face (2) is greater than 25 mm?2.

4. An infrared safety reflective element, according to
claim 3, characterized in that the functional optical
surface (2) of the safety reflective element (1) con-
sists of at least two parts, each of which is oriented
differently in the vertical and/or horizontal direction.

5. An infrared safety reflective element, according to
one of the preceding claims, characterized in that
the safety reflective element (1) contains a rotating
mechanism (12).

6. An infrared safety reflective element, according to
claim 5, characterized in that the safety reflective
element (1) has the shape of a truncated cone or a



9 EP 4 394 735 A1

truncated pyramid.

An infrared safety reflective element, according to
one of the preceding claims, characterized in that
the functional optical surface (2) is applied directly
to the surface of the object (6), the visibility of which
is ensured, and copies its shape.
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