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IMPROVED LIGHT FOR UNDERGROUND MINING AND
SYSTEM FOR TRACKING UNDERGROUND ASSETS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to lights and tracking systems for use in low light
environments such as underground mines. More specifically, the present invention relates to
lights using visible and ultraviolet light to illuminate unique markings associated with certain
assets and a system for identifying and tracking those assets.

Description of the Related Art

Low light conditions present a hazard to underground mine workers and the like who
work in close proximity to large industrial machinery. To increase visibility, such workers are
often outfitted personal protective equipment such as reflective or high visibility colored clothing.
The introduction of LED lighting technology has reduced much of the ultraviolet (UV) radiation
emitted from an artificial light source to near zero. While the efficiency of the LED lighting is very
desirable, its use alters the spectral breadth of the light being produced. The lack of ultraviolet
light degrades the effectiveness of safety markings placed on equipment and the clothing and
safety equipment worn by personnel, in that many of such markings are designed to fluoresce,
which requires the presence of UV spectral power.

Ultraviolet light is an electromagnetic radiation with a wavelength from roughly 10 nm (30
PHz) to 380 nm (750 THz), which is a shorter wavelength than that of visible light but longer
than X-rays. UV radiation is present in sunlight, and also produced by electric arcs and
specialized lights such as mercury-vapor lamps, tanning lamps, and black lights. Although the
UV light lacks the energy to ionize atoms, long-wavelength ultraviolet radiation can influence

chemical reactions, and causes many substances to glow or fluoresce.
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In certain situations, it is often advantageous to be able to identify certain objects and
distinguish them from other objects in low light conditions. For example, different actions may
need to be taken if an underground mining machine identifies a person in its field of view as
opposed to another machine in that same field of view. It may also be beneficial to track assets

that are identified as being in the proximity of a particular machine in an underground mine.

Accordingly, there is a need for a lighting unit for use in low light areas that emits visible
light and ultraviolet light to improve the fluorescing of reflectors in low light conditions. There is
also a need for a system using such a lighting unit that can identify and track objects in low light

conditions and differentiate objects from other objects.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a lighting unit for use in low
lighting areas that transmits light in the ultraviolet spectrum in a broad area while simultaneously
transmitting visual light in a focused beam.

It is also an object of the invention to provide a system for detecting patterns on objects
having reflective or high visibility colored material thereon through the use of an improved
lighting unit as described above in conjunction with a camera, controller/processor, warning
devices and specific patterns of fluorescent or high visibility markings on objects to distinguish
them from other objects.

The present invention meets these objects by providing an improved lighting unit having
ultraviolet light emitters that transmit UV light without the use of a lens to direct or focus the light
while simultaneously emitting visual light from visual light emitters through a lens which directs
and focuses the visual light. Further, the present invention meets these objects by providing a

system for detecting patterns on objects having reflective or high visibility colored material
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thereon using the light unit described in conjunction with a camera, controller, and warning
device to differentiate objects from one another.

According to one presently preferred embodiment of the invention, there is provided a
lighting unit for use in an underground mine comprising a main housing, a first visual light
assembly and a second ultraviolet light assembly. The main housing includes a front opening
and a cavity. The first visual lighting assembly is positioned within the cavity of the main
housing and includes a first visual light emitter that emits light in the visible spectrum. The
second ultraviolet lighting assembly is positioned a fixed distance from the first visual lighting
assembly within the cavity of the main housing and includes a second ultraviolet light emitter
that emits light in the ultraviolet spectrum. A spacer ring may be located between the first and
second lighting assemblies. The first visual lighting assembly may further include a visual light
printed circuit board having one or more visible light emitters, which may be light emitting
diodes, located thereon. The second ultraviolet lighting assembly may include a separate UV
light printed circuit board having one or more UV light emitters located thereon. The UV light
printed circuit board may further include one or more openings therein corresponding to and
aligned with the one or more visible light emitters to allow the visual light emitted from the visible
light emitters to project from the front of the lighting unit. One or more lenses corresponding to
and positioned within the one or more openings may also be provided to focus and direct the
visual light emitted by the one or more visual light emitters.

According to an alternative embodiment of the present invention, there is provided a
lighting unit for use in an underground mine comprising a main housing, a visual and ultraviolet
lighting assembly and a lens. The main housing includes a front opening and a cavity. The
visual and ultraviolet lighting assembly is positioned within the cavity of the main housing and
includes a first visual light emitter that emits light in the visible spectrum and a second ultraviolet

light emitter that emits light in the ultraviolet spectrum. The lens is positioned at the front
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opening of the main housing and includes means for transmitting both the visual and ultraviolet
light emitted from the lighting assembly. The visual and ultraviolet lighting assembly may
include a plurality of visible light emitters and a plurality of ultraviolet light emitters. The lens
may be configured to magnify and direct the visual light at a desired beam. A plurality of light
pipes are provided in the lens, each light pipe being aligned with a corresponding one of the
plurality of ultraviolet light emitters for transmitting the ultraviolet light from the housing without
magnification or beam expansion. The lens may be formed from a silicone material and the
light pipes may be formed of an acrylic material embedded in the silicone lens. A driver printed
circuit board may be provided and is electrically coupled to the visible light printed circuit board
and the ultraviolet light printed circuit board to transmit data, information and/or power to the
printed circuit boards, visible light emitters, and ultraviolet light emitters. The driver printed
circuit board is preferably located in a rear opening of the main housing.

According to yet another embodiment of the present invention, there is provided a
system for detecting reflective patterns on objects such as safety vests and mining helmets
comprising a lighting unit, a camera, a warning device, a controller/processor, means for
transmitting a signal and means for distinguishing and differentiating patterns on the objects.
The lighting unit comprises a main housing having a front opening and a cavity, a first visual
lighting assembly positioned within the cavity of the main housing and having a first visual light
emitter that emits light in the visible spectrum, and a second ultraviolet lighting assembly
positioned a fixed distance from the first visual lighting assembly within the cavity of the main
housing and having a second ultraviolet light emitter that emits light in the ultraviolet spectrum.
The camera has a field of view within which the system is configured to detect patterns of
reflective material on one or more objects. The warning device is configured to alert the
operator when one of the one or more objects enters the camera’s field of view. The controller/

processor is programmed to detect when a pattern of reflective material enters the camera’s
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field of view. Means for transmitting a signal from the controller/processor to the warning
device, and means for distinguishing and differentiating patterns of reflective material on each of
said one or more objects are also provided in accordance with this embodiment of the invention.
A display for displaying images from the camera may also be provided. The controller/
processor is programmed to recognize and learn different patterns of reflective material, and
different patterns are associated with different objects. The camera may be equipped with
infrared lighting to assist in detecting objects in low or no light conditions. The display is
preferably a high-definition digital color display which aids in viewing the patterns of reflective
material.

These and other objects, features and advantages of the present invention will become
apparent from a review of the following drawings and detailed description of the preferred
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can best be understood in connection with the accompanying
drawings. It is noted that the invention is not limited to the precise embodiments shown in the
drawings, in which:

FIG. 1 is a perspective view of an assembled light unit for underground mining according to a
preferred embodiment of the present invention.

FIG. 2 is a perspective view of the light unit shown in FIG. 1 with a section cutaway to show the
internal components.

FIG. 3 is an exploded view of the light unit shown in FIG. 1 and FIG. 2.

FIG. 4 is an exploded cutaway view of the light unit shown in FIG. 1 - FIG. 3 with an external
housing.

FIG. 5 is a cutaway view of the light unit and external housing shown in FIG. 4.
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FIG. 6 is cutaway perspective view of a light unit according to an alternative preferred
embodiment of the present invention.

FIG. 7 is a front plan view of the printed circuit board and lighting elements of the lighting unit
shown in FIG. 6.

FIG. 8 is a front plan view of the lighting unit shown in FIG. 6 showing the lens.

FIG. 9 is a block diagram of a system for detecting reflective patterns on objects using the light

unit of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

For purposes of promoting and understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby intended. The invention includes any
alterations and further modifications in the illustrated devices and described methods
and further applications of the principles of the invention that would normally occur to
one skilled in the art to which the invention relates.

As best shown in FIG. 1 - FIG. 3, one presently preferred embodiment of the
invention comprises a lighting unit 10 that is particularly suited for use in an
underground mine. The lighting unit 10 includes a main housing 20 which includes a
front opening or cavity 22 that is configured to receive the lights and printed circuit
boards of the lighting unit 10. A first visual lighting assembly 30 is located in the front
opening 22 and is configured to emit light in the visible spectrum (wavelength between
400 nm and 750 nm). A second ultraviolet (UV) lighting assembly 40 is also located in

the front opening 22 and is configured to emit light in the ultraviolet (UV) spectrum
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(wavelength between 200 nm and 400 nm). The visible lighting assembly 30 and
ultraviolet lighting assembly 40 are preferably spaced a fixed distance apart by spacer
50 which is positioned in the front opening 22 between the visible lighting assembly 30
and the the UV lighting assembly 40. A retaining ring 60 may be used to secure the
visible lighting assembly 30, UV lighting assembly 40 and spacer 50 in the front opening
22 of the housing 20.

According to a preferred embodiment of the invention, the visual lighting
assembly 30 includes a visual light printed circuit board 32 upon which a plurality of
visible light emitters 34a, 34b, 34c are located. While FIGS. 1-3 depict three (3) visible
light emitters, it is within the scope of the present invention to provide only one or more
such light emitters. Also, according to the preferred embodiment shown in FIGS. 1-3,
the visible light emitters are light emitting diodes (LEDs) 34a, 34b, 34c located on the
visual light printed circuit board 32. In order to focus and/or direct the visual light
emitted by the LEDs 34a, 34b, 34c, lenses 36a, 36b, 36¢ are provided. According to
the preferred embodiment, a lens is associated with each LED light emitter. It is
likewise within the scope of the invention to provide a single lens to focus and/or direct
the visual light emitted from the LEDs.

The UV lighting assembly 40 according to the preferred embodiment shown in
FIGS. 1-3 includes a separate UV light printed circuit board 42 upon which one or more
UV light emitters 44a, 44b are located. A plurality of openings 44a, 44b, 44c
corresponding to the plurality of lenses 36a, 36b, 36¢ are provided in the surface of the
UV light printed circuit board 42 to accommodate the lenses and to allow the visual light

emitted from the visible light emitters to project from the front of the lighting unit 10.



WO 2020/055526 PCT/US2019/045398

Although the preferred embodiment shows the UV light emitters 44a, 44b on a PCB 42
that is separate from the PCB 32 on which the visible light emitters 34a, 34b, 34c are
located, it is within the scope of the present invention to locate the UV light emitters 44a,
44b and the visible light emitters 34a, 34b, 34¢ on the same PCB.

A driver printed circuit board 70 is also provided according to the preferred
embodiment of the invention. The driver PCB 70 is electrically coupled to the visible
light PCB 32 and UV light PCB 42 to transmit data, information and/or power to the
PCBs and visible light emitters 34a, 34b, 34¢ and UV light emitters 44a, 44b. According
to the preferred embodiment shown in FIGS. 1-3, the driver PCB 70 is located in a rear
opening or cavity 24 of the main housing 20 and electrically communicates with the
visible light PCB 32 and UV light PCB 42 through pins 72 that extend through an
opening 26 in the main housing 20. It is also within the scope of the present invention
to position the driver PCB 70 in the front opening 22 of the main housing 20.

Power is supplied to the visible light PCB 32 and UV light PCB 42 via the driver
PCB 70. According to a further embodiment or aspect of the invention, an AC-DC
converter PCB (not shown) is utilized to accommodate AC voltage specifications (6 VAC
at present). According to this aspect of the invention, the converter PCB would be
installed in the rear cavity 24 of the housing 22 above the driver PCB 70.

As best shown in FIGS. 4-5, the lighting unit 10 may be located in an external
housing 80. According to a preferred embodiment, the external housing includes first
and second housing members 80a, 80b which are threadabtly connected to one
another to hold the lighting unit 10 in place. The external housing 80 is preferrably

mounted to an underground mining machine or other piece of equipment that could
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benefit from illumination by the lighting unit 10. When mounted to such a piece of
underground mining machinery, the lighting unit 10 can be used in conjunction with a
system for detecting reflective patterns on objects as is shown in FIG. 9 and discussed
more fully below. Alternatively, the lighting unit 10 may be adapted for mounting to the
helmet of a miner.

An alternative embodiment of a lighting unit 110 is shown in FIG. 6 - FIG. 8,
wherein like reference numerals indicate like components. The primary differences
between the lighting unit 110 of FIG.6 - FIG. 8 and the lighting unit 10 of FIG. 1 - FIG. 6
is the presence of only a single printed circuit board 132 which carries both a plurality of
visual light emitters 134a-134i, and a plurality of UV light emitters 144a, 144b, 144c,
144d. The lighting unit 110 includes a main housing 120 which includes a front opening
or cavity 122 that is configured to receive the lights and printed circuit board 132 of the
lighting unit 110. The printed circuit board 132 is located in the front opening 122 and is
configured to emit light in the visible spectrum (wavelength between 400 nm and 750
nm) and light in the ultraviolet (UV) spectrum (wavelength between 200 nm and 400
nm). Again, while FIG. 7 depict nine (9) visible light emitters 134 and four (4) UV light
emitters 144, it is within the scope of the present invention to provide only one or more
such light emitters.

According to the embodiment shown in FIG. 7, different colored visible light
emitters can be used to accomplish different purposes. For example, visual light
emitters 134a, 134b, 134c¢, 134b can emit white visual light to illuminate areas to
improve visibility for the operator of a piece of machinery, while visual light emitters

134e, 1341, 134g may emit red visual light. In this way, light units can be mounted on
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both the front and back of a vehicle that may have need to travel frequently in forward
and reverse. A controller associated with the vehicle can be programmed such that the
white lights emitters are illuminated when the vehicle is traveling in the direction while
the red light emitters may be illuminated on the rear end of the vehicle relative to the
direction of travel, essentially functioning as tail lights. When the vehicle reverse
directions, either the operator, or the controller switches the red lights on what is how
the leading end of the vehicle to white lights and the white lights on what is now the
trailing end fo the vehicle to red lights. Further, light blue visual light emitters 134h, 134i
may also be provided and work in conjunction with the white light emitters to improve
visual contrast of illuminated objects.

As best shown in FIG. 8, In order to focus and/or direct the visual light emitted by
the LEDs 134a, 134b, 134c, a lens 136 is provided. According to the preferred
embodiment shown in FIG. 8, a single lens 136 is provided to transmit and direct both
the visual light and UV light. Acrylic light pipes 137a, 137b, 137¢, 137d are embedded
in the lens 136, which is preferably formed of silcone, over each UV LED 144a, 144b,
144c, 144d. The light pipes 137a, 137b, 137c, 137d just transmit the UV to the front
surface without any magnification or beam expansion. The beam angle is limited by the
window opening in the housing 120. Alternatively, custom lens designs may be utilized
wherein there will be an inner lens for the white LED’s and either a concentric outer lens
that transmits the UV, or 2 smaller individual lenses for the UV. The key to lens design
and configuration is to provide as wide a UV beam as possible within the packaging
constraints.

As shown in FIG. 9, the lighting unit 210 is an integral part of a system 200 for

10
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detecting reflective patterns on objects such as safety vests 310 and mining helmets
320. The system 200 includes the lighting unit 210 as described in the embodiments
above, a camera 220, which has a field of view within which the system of the present
invention is configured to detect patterns of reflective material on items such as clothing
310 or helmets 320. The camera 220 may be equipped with infrared lighting 222 to
assist in detecting objects in low or no light conditions. The system 200 also includes a
display 240 for displaying images from the camera 220. Preferably, the display 240 is a
high-definition digital color display which aids in viewing the patterns of reflective
material. A visual and/or audible warning device 250 may also be provided to alert the
operator when an object carrying a pattern of reflective material enters the camera’s
field of view. A controller/processor 230 is also provided. The controller/processor 230
is programmed to detect when a pattern of reflective material enters the camera’s field
of view. The controller/processor 230 may then send a signal to the warning device 250
which issues a warning to the operator. The controller/processor 230 may also be
programmed to recognize and learn different patterns of reflective material such as
those shown in FIG. 9. The different patterns may be associated with different objects,
such as the camouflage pattern shown in FIG. 9 associated with a worker safety vest
310 or the bullseye pattern associated with a mining helmet 320. The controller/
processor 230 may be programmed to learn the different patterns, associate those
patterns with particular objects, and respond in an appropriate manner given the nature

of the object.

11
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This detailed description, and particularly the specific details of the exemplary
embodiment disclosed, is given primarily for clearness of understanding and no
unnecessary limitations are to be understood therefrom, for modifications will become
evident to those skilled in the art upon reading this disclosure and may be made without

departing from the spirit or scope of the claimed invention.

12
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CLAIMS

We claim:

1. Alighting unit for use in low lighting environments comprising:

a main housing having a front opening and a cavity;

a first visual lighting assembly positioned within the cavity of the main
housing, said first visual lighting assembly having a first visual light emitter that
emits light in the visible spectrum;

a second ultraviolet lighting assembly positioned a fixed distance from the
first visual lighting assembly within the cavity of the main housing, said second
ultraviolet lighting assembly having a second ultraviolet light emitter that emits
light in the ultraviolet spectrum.

2. The lighting unit of claim 1 wherein a spacer ring is located between the first
and second lighting assemblies.

3. The lighting unit of claim 2 wherein the first visual lighting assembly includes
a visual light printed circuit board having one or more visible light emitters located
thereon.

4. The lighting unit of claim 3, wherein the visible light emitters are light emitting
diodes.

5. The lighting unit of claim 3 wherein the second ultraviolet lighting assembly
includes a separate UV light printed circuit board having one or more UV light
emitters located thereon.

6. The lighting unit of claim 5 wherein the UV light printed circuit board includes

one or more openings therein corresponding to and aligned with said one or more

13
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visible light emitters to allow the visual light emitted from the visible light emitters to
project from the front of the lighting unit.

7. The lighting unit of claim 6 further comprising one or more lenses
corresponding to and positioned within said one or more openings to focus and
direct the visual light emitted by said one or more visual light emitters.

8. Alighting unit for use in low light environments comprising:

a main housing having a front opening and a cavity;

a visual and ultraviolet lighting assembly positioned within the cavity of the
main housing, said visual and ultraviolet lighting assembly having a first visual
light emitter that emits light in the visible spectrum and a second ultraviolet light
emitter that emits light in the ultraviolet spectrum;

a lens positioned at the front opening of the main housing, said lens
having means for transmitting both the visual and ultraviolet light emitted from
the lighting assembly.

9. The lighting unit of claim 8 wherein the visual and ultraviolet lighting assembly
includes a plurality of visible light emitters and a plurality of ultraviolet light emitters.
10. The lighting unit of claim 9 wherein the lens is configured to magnify and
direct the visual light at a desired beam, and a plurality of light pipes are provided in
the lens, each said light pipe being aligned with a corresponding one of the plurality
of ultraviolet light emitters for transmitting the ultraviolet light from the housing

without magnification or beam expansion.

11. The lighting unit of claim 10 wherein the lens is formed from a silicone

material and the light pipes are formed of an acrylic material embedded in the

14
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silicone lens.

12. The lighting unit of claim 5, further comprising a driver printed circuit board
electrically coupled to the visible light printed circuit board and the ultraviolet light
printed circuit board to transmit data, information and/or power to said printed circuit
boards, visible light emitters, and ultraviolet light emitters.

13. The lighting assembly of claim12 wherein the driver printed circuit board is
located in a rear opening of the main housing.

14. A system for detecting patterns on objects having reflective or high visibility
colored material thereon comprising:

a lighting unit comprising a main housing having a front opening and a
cavity; a first visual lighting assembly positioned within the cavity of the main
housing, said first visual lighting assembly having a first visual light emitter that
emits light in the visible spectrum; and a second ultraviolet lighting assembly
positioned within the cavity of the main housing, said second ultraviolet lighting
assembly having a second ultraviolet light emitter that emits light in the ultraviolet
spectrum;

a camera having a field of view within which the system is configured to
detect patterns of reflective or high visibility colored material on one or more
objects;

a warning device to alert the operator when one of said one or more
objects enters the camera’s field of view;

a controller/processor programmed to detect when a pattern of reflective

or high visibility colored material enters the camera’s field of view;

15
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means for transmitting a signal from said controller/processor to said
warning device; and

means for distinguishing and differentiating patterns of reflective or high
visibility colored material on each of said one or more objects.

15. The system for detecting reflective patterns according to claim 14, further
comprising a display for displaying images from the camera.

16. The system for detecting reflective patterns according to claim 15 wherein
the controller/processor is programmed to recognize and learn different patterns of
reflective or high visibility colored material.

17. The system of claim 14 wherein different patterns are associated with
different objects.

18. The system of claim 14 wherein the camera is equipped with infrared lighting
to assist in detecting objects in low or no light conditions.

19. The system of claim 15 wherein the display is a high-definition digital color

display which aids in viewing the patterns of reflective material.

16



WO 2020/055526 PCT/US2019/045398
1/9

.

NI
NI

NN
\\\\\\\\\\\\\\\\\\\\\

\\i\\

N\

L
NIH nHikk
N

_ / 7 7
//// 57 //;/:7

//§// 7

.




PCT/US2019/045398

WO 2020/055526

2/9

=]eTs



PCT/US2019/045398

WO 2020/055526

3/9

2
iy,

4

___.o v



WO 2020/055526 PCT/US2019/045398




WO 2020/055526 PCT/US2019/045398
5/9

-
L
L

N
R R R
\

NN
. \\\@&\

.
\\ -

R

N
NN
ik
R

T N
I RN -

.

Nk

JIAIIIIIIng N\ :\\E\\\

RN

\ §
, §§§§§§§§§§§§§§§§§§§§§§g $§f§§§§§§is§\§§\

N

.

_
.

\ \\‘\ \\\\\\\

N \\%\QQ NN
X
T

\§§Q§Q§*\jf\<§ssm -
N \

3
=
W \
\w&s\\\\\\\\\\\\\\\\\\\\\\\\@\\\
N

A e TR

.
-




WO 2020/055526

NI AN
T T T T T HH
N \\\\\\\\\\\\\\Q\\\\\\§\\§k\\

N

N

R

. N

.. . \\\\

R

S .
RN R
--.-~1~K.\\~x N

TS

\ \\;\\&\\i\\\\\\\ X

NN
R
NN

-

6/9

nt

R 3
N
N

\.\‘

PCT/US2019/045398

Ny

N R
T HR>R
TS Sy

N

FIG. 6




PCT/US2019/045398

WO 2020/055526

7/9




WO 2020/055526 PCT/US2019/045398
8/9




WO 2020/055526 PCT/US2019/045398
9/9

aching

lamen

Finld of View

atterrn Learring % Te




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US19/45398

A. CLASSIFICATION OF SUBJECT MATTER
IPC - GO8B 5/36 13/196; F21V 15/01 (2019.01)
CPC - G08B 5/36, 13/19695; F21V 5/008, 15/01, 23/006

According to International Patent Classification (1PC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2016/0073855 A1 (VIVID MEDICAL, INC.) 17 March 2016; abstract; figures 1-3B; 1&8-9
paragraphs [0038, 0040, 0043-0044, 0084)] -

Y 2-58& 10-19

A 6-7

Y US 2014/0159578 A1 (DIALIGHT CORPORATION) 12 June 2014; figures 2 & 5-6; paragraphs | 2-5 & 12-13
{0051, 0077]

Y US 2007/0120137 A1 (WILSON, C et al.) 31 May 2007; paragraphs [0028-0029} 10-11

Y US 2002/0151992 A1 (HOFFBERG, S et al.) 17 October 2002; abstract; paragraphs [0188, 14-19
0847, 1087, 1210, 1280)

A US 9,599,563 B2 (BRASS, J et al.) 21 March 2017; entire document 1-19

A US 6,095,661 A (LEBENS. G et al.) 01 August 2000; entire document 1-19

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*

A"

“p»
“gr

“p

«Q»
wpn

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which mag throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

documentreferring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

w

wyn

wyn

“ g

later document published after the international filing date or priority
date and not in conflict with the apﬁh(_:anon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

15 October 2019 (15.10.2019)

Date of mailing of the international search report

290CT 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report

