I*I Innovation, Sciences et Innovation, Science and CA 3144729 A1 2021/02/11
Développement économique Canada Economic Development Canada
en 3 144 729

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépét PCT/PCT Filing Date: 2020/08/06 (51) CLInt./Int.Cl. A07G 9/20(2006.01)
(87) Date publication PCT/PCT Publication Date: 2021/02/11 (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2022/01/18 MONDI PRODUCTS LTD., CA
o —r . (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: CA 2020/051073 MONTAGANO. MICHAEL, CA
(87) N° publication PCT/PCT Publication No.: 2021/022373
o o (74) Agent: BENOIT & COTE INC.
(30) Priorité/Priority: 2019/08/08 (US62/884,468)

(54) Titre : ENCEINTE POUR PLANTES A SOURCES DE LUMIERE REPARTIES VERTICALEMENT
(54) Title: PLANT ENCLOSURE WITH VERTICALLY DISTRIBUTED LIGHT SOURCES

- 200
«—_-400

|~ 410

412

300

FIGURE 5

(57) Abrégé/Abstract:
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Abstract:

A system for lighting a plant comprising a dome/cage defining a volume that receives, surrounds and
covers the plant. A plurality of light sources are supported by the dome/cage and distributed
vertically from a bottom to a top and around the dome/cage to illuminate the plant evenly. The
system is adapted to control the light sources to project light in the dark, extend ambient light hours,
increase an intensity of an existing light; and modify a spectrum of the existing light in accordance
with growth requirements specific to a given plant growing in a specific environment. A solar panel
may be connected to the lights directly or through a battery for operating the system as a standalone
unit. A control unit may be provided to receive a user input setting a lighting program, to allow the
system to control operation of the lights using the set program.
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PLANT ENCLOSURE WITH VERTICALLY DISTRIBUTED LIGHT SOURCES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority or benefit of U.S. provisional
patent application 62,884/468, filed August 8, 2020, the specification of which is
hereby incorporated herein by reference in its entirety.

BACKGROUND
(a) Eield
[0002] The subject matter disclosed generally relates to gardening or

small-scale agriculture devices. More specifically, it relates to a system for

covering and/or growing a plant therein.

(b) Related Prior Art

[0003] A successful indoorfoutdoor cultivation requires an environment
having the right combination of illumination, including light intensity and color or
spectrum, and temperature and humidity levels. Some crops are more sensitive
than others with respect to the levels and variations (increase/decrease) of
temperature, humidity, and light intensity and changes in light spectrum. These
factors affect the production yield and the concentration of nutrients and

antioxidants in the crops.

[0004] As part of their normal growing need, some crops/plants require a
higher light intensity in their early growing stages than in the following stages, in
order to fuel the active growth. Others require longer hours of light for a better
growth and development (mainly those planted in area that do not receive
sufficient hours of sunshine/light). Other plants require light having specific
wavelengths and/or color. Some plants require to be covered in the winter to
protect their leaves from harsh weather conditions and cold/dry air. Some
others, require a source of light during transportation to not exceed a certain

amount of hours without light which would result in yellowing and other problems.
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[0005] Traditional illuminations domes on the market are for indoor use
and comprise lighting at the top thereof. However, as the plant grows, upper
leaves grow in size and number, and lower leaves start lacking necessary light,
and start yellowing and decreasing in number and yield. Therefore, the existing

domes do not adapt very well to the varying needs of the growing plant.

[0006] A need exists In the market for an altemative solution that
addresses the above-mentioned shortcomings. Moreover, the plant may suffer
from the lack of lighting in the winter time, especially if the plant being grown is
typical of more tropical environment where illumination is more or less constant
over the year. When such a plant is grown as an indoor or outdoor plant in
temperate climates, there is a more significant variation of natural lighting over
the year, i.e., more lighting in the summer time, where the plant grows more
intensely, and less lighting in the winter time, where the grown leaves get yellow,

or fade or fall down.

[0007] There is therefore a need in the market for a dome/cage that

addresses the above requirements.

SUMMARY
[0008] The present embodiments describe a multi-purpose system that
address these issues simultaneously.

[0009] To address these issues simultaneously, a system for lighting a
plant is now described. According to a first embodiment, there is described a
dome forming an enclosure that surrounds and covers the plant; and a plurality of
light sources supported by the dome, the plurality of light sources being
distributed vertically from a bottom of the dome to a top of the dome and around
the dome, i.e., individually positioned at different heights (i.e., distributed

vertically) and at different sides (i.e., distributed horizontally too), to evenly
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illuminate the plant from different sides and at various heights and portions

thereof.

[0010] In accordance with an alternative embodiment, there is described a
system for lighting a plant comprising: a cage comprising arms, the arms being
rigid an self-supporting, forming the cage that surrcunds and extends over the
plant; and a plurality of light sources supported by the arms of the cage, the light
sources being distributed vertically from a bottom of the cage to a top of the cage
and around the cage to illuminate an inside of the cage at various heights (on
each arm) and sides {corresponding to different arms) to evenly illuminate a plant

growing within the cage.

[0011] In the present document, the term dome refers to any one of the
following: mini-greenhouse, greenhouse, indoor cultivator, cultivator, growing
device or any apparatus used for growing plants therein.

[0012] It should be noted that the term “"dome” is the term known in the art
for such covers and that this term is not limited to circular shapes (as the typical
geometrical definition may imply). As used in the art, and as intended in the
present document, the term “dome” refers to an enclosure having a base which
may be rectangular, square, triangular, circular, oval, or any other regular
polygon or irregular geometrical shape. Furthermore, the terms dome designates
the portion that fits on the plant pot or other form of support in some
embodiments, or straight on the soil in other embodiments, to define and close
the enclosed environment, or inside or inner volume, within which the plants grow
and receive light. This is usually made of a transparent material for allowing
ambient light therein. A cage may define the same inside or inner volume, while
not closing it as the cage does not have closed surfaces. In alternative
embodiments, the cage may be adapted to receive thereon (on top of the cage)
or therein (underneath the cage) a dome to define a closed environment for
growing the plant therein.
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[0013] According to one aspect, there is provided a method for lighting a
plant comprising: providing a dome or cage defining an inner volume that
surrounds and covers the plant; providing a plurality of light sources supported by
the dome or cage, the light sources being distributed vertically from a bottom of
the dome or cage to a top of the dome or cage and around the dome or cage to
surround the plant with light from bottomn to top; and controlling the light sources
to perform one or more of: projecting light in the dark, extending ambient light
hours, increasing an intensity of an existing ambient light, and modifying a
spectrum of the existing ambient light in accordance with growth requirements

specific to a given plant growing in a specific environment.

[0014] In one embodiment, the method further comprises providing a solar
panel on the dome or cage; providing the light sources with electric energy
generated by the solar panel either directly or through a battery operably
connected to the solar panel for storing the electric energy received from the
solar panel; and operating the dome or cage as a standalone unit independently
of external energy sources.

[0015] The method may further comprise receiving a user input setting a
lighting program; and controlling the light sources in accordance with the set
program.

[0016] According to another aspect, there is provided a system for lighting
a plant comprising: a dome forming an enclosure that surrounds and covers the
plant; and a plurality of light sources supported by the dome, the light sources
being distributed vertically from a bottom of the dome to a top of the dome and
around the dome to illuminate an inside of the dome, wherein the system is
adapted to control the light sources to perform one or more of. projecting light in
the dark, extending ambient light hours, increasing an intensity of an existing
ambient light;, and modifying a spectrum of the existing ambient light in
accordance with growth requirements specific to a given plant growing in a
specific environment. The system being used to surround the plant with light from

4
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bottom to top during transportation, storage and normal growth in the specific
environment, while protecting the plant from animals, insects and harsh weather

conditions.

[0017] The system may further comprise a solar panel operably connected
to the light sources either directly or through a battery for operating the system as
a standalone unit independently of external energy sources.

[0018] A control unit may be provided which is adapted to receive a user
input setting a lighting program, the system being adapted to control operation of

the lights using the set program.

[0019] In one embodiment, the dome comprises a top dome surface above
the plant and a lateral dome surface extending around the plant, a portion of the
light sources being supported by the top dome surface and a remainder of the

light sources being supported by the lateral dome surface.

[0020] The system may further comprise a fan at a top of the dome for
evacuating air upwardly.

[0021] In one embodiment, the top surface of the dome is a lid installed

abave the fan.

[0022] In another embodiment, the top surface is a lid and the fan is
installed thereon.

[0023] The system may further comprise a filter which is installed above

the fan for filtering particles evacuated from the system.

[0024] In an embodiment, the top dome surface and the lateral dome
surface comprise perforations, distributed vertically from the bottom of the dome
to the top of the dome and around the dome, in which the light sources can be
mounted by being inserted from the outside to illuminate the inside of the dome.
In the present embodiment the illuminating sources may be light-emitting diodes

having an illumination portion and an electronic portion, the illumination portion

5
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being directed toward an inside volume of the enclosure and the electronic

portion remaining on the system, out of the enclosure.

[0025] In an embodiment, the dome is made of a translucent material that
allows ambient light to penetrate the dome.

[0026] In another embodiment, the dome is made of an opaque material

that does not allow ambient light into the dome.

[0027] The dome may include a reflective layer on an inside surface
thereof to reflect and recycle the light generated by the light sources.

[0028] In an embodiment, the system further comprises an extension
dimensioned to operably connect to the dome for extending the height of the
enclosure defined by dome, the extension comprising light sources distributed
vertically from a bottom of the extension to a top of the extension and around the
extension and being electrically connected to the dome so that operation of the
light sources of the extension follow the operation of the light sources of the
dome.

[0029] In accordance with another aspect, there is provided a system for
lighting a plant comprising: a cage comprising self-supporting arms forming the
cage that surrounds and extends over the plant, and a plurality of light sources
supported by the arms of the cage, the light sources being distributed vertically
from a bottom of the cage to a top of the cage and around the cage to illuminate
an inside of the cage; wherein the system is adapted to control the light sources
to perform one or more of. projecting light in the dark, extending ambient light
hours, increasing an intensity of an existing ambient light, and modifying a
spectrum of the existing ambient light in accordance with growth requirements
specific to a given plant growing in a specific environment. The system being
used to surround the plant with light from bottom to top during transportation,

storage and normal growth in the specific environment.
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[0030] The system may further comprise a solar panel operably connected
to the light sources either directly or throcugh a battery for operating the system as

a standalone unit independently of external energy sources.

[0031] A control unit may be provided which is adapted to receive a user
input setting a lighting program, the system being adapted to control operation of

the lights using the set program.

[0032] In one embodiment, the system may further comprise an extension
dimensioned to operably connect to the cage for extending the height of the
cage, the extension comprising light sources distributed vertically from a bottom
of the extension to a top of the extension and around the extension and being
electrically connected to the cage so that operation of the light sources of the
extension follow the operation of the light sources of the cage.

[0033] In another embodiment, the length of the arms of the cage is
adjustable in a telescoping manner to extend the height of the cage to
accommodate for the plant’s growth.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] Further features and advantages of the present disclosure will
become apparent from the following detailed description, taken in combination

with the appended drawings, in which:

[0035] Fig. 1 is a cross section illustrating a dome standing on the ground
for growing a plant, according to an embodiment of the invention;

[0036] Fig. 2 is a cross section illustrating a dome standing on a pot for

growing a plant, according to an embodiment of the invention;

[0037] Fig. 3 is a cross section illustrating a dome standing on a pot for
growing a plant, according to another embodiment of the invention;
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[0038] Fig. 4 is a side view illustrating a cage for growing a plant,

according to an embodiment of the invention;

[0039] Fig. 5 is a side view illustrating a cage for growing a plant,
according to another embaodiment of the invention; and

[0040] Fig. 6 is a side view illustrating a strip comprising light sources, the
strip comprising a ring and elongated portions, according to an exemplary

embodiment of the invention;

[0041] Fig. 7 is a side view illustrating a cage for growing a plant with
strips comprising light sources installed thereon, according to an embodiment of
the invention;

[0042] Fig. 8 is a side view illustrating a system for covering and/or
growing a plant therein which comprises an extension with electrical connectors,

according to an embodiment of the invention; and

[0043] Figs. 9A and 9B are side views illustrating a system for covering
andf/or growing a plant therein which comprises telescopic portions, shown in
compacted position in Fig. 9A and in extended position in Fig. 9B, according to

an embodiment of the invention.

[0044] It will be noted that throughout the appended drawings, like
features are identified by like reference numerals.

DETAILED DESCRIPTION

[0045] The embodiments describe a method and system for lighting a
plant. The system comprising a dome/cage defining a volume that receives,
surrounds andfor covers the plant. A plurality of light sources are supported by
the dome/cage and distributed vertically from a bottom to a top of the dome/cage
and around the dome/cage to illuminate the inside more evenly over space and
over time during low-illumination periods. The system is adapted to control the

light sources to perform one or more of. project light in the dark, extend ambient
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light hours, increase an intensity of an existing ambient light; modify a spectrum
of the existing ambient light in accordance with growth requirements specific to a
given plant growing in a specific environment. A solar panel may be operably
connected to the light sources either directly or through a battery for operating
the system as a standalone unit independently of external energy sources. A
control unit may be provided to receive a user input setting a lighting program, to
allow the system to control operation of the lights using the set program.

[0046] Now referring to Figs. 1 and 2, there is described a dome 100
which for installing over and around a plant to ensure proper lighting as the plant
grows, either standing on the ground directly or on a plant pot. To ensure that the
plant receive sufficient illumination as it grows, the dome 100 comprises light
sources 200 which are not only located above the plant (as in the prior art), but
also all around the sides of the plant to ensure that lower leaves still receive
sufficient lighting even though the upper leaves grow in size and number. By
providing additional light sources 200 down to the level of the lower leaves of the
plant, immediately above the ground, the plant can sustain a significant growing
rate even if the plant keeps growing and the lower leaves do not lack proper
lighting. The fact that the upper leaves can block light coming from above is not a
problem anymore since there are additional light sources 200 which have a more
suitable location for the lower leaves, in comparison with a typical dome that
would only have lighting at the top, using the various sides of the dome 100
which provide additional attachment pcints for the light sources 200 being
distributed around the plant, and also making use of the attachment points being
available for securing the light sources 200 at different heights for each of the
different sides of the dome 100. There is therefore both a vertical distribution and
an azimuthal distribution of the light sources 200 around a central vertical axis

where the plant is expected to grow.

[0047] The dome should therefore provide physical support to the light
sources 200 (for securing them thereontc and maintaining the position in relation

9
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with the volume where the plant grows) to ensure that they are spatially
distributed along the height of the plant, from top to bottom, and also around the
plant. The support by the dome should be provided by the dome surfaces and/or

by the structure forming the dome, as described more thoroughly further below.

[0048] In a non-limiting example of implementation, the dome 100 can
have openings on its surface, and the light sources 200 are shaped and
dimensioned to either project light through the openings of the dome by
positioning them right outside the dome facing the openings, or to be partially
received within corresponding openings on the dome to project the light from
within the dome while keeping the heat generating components of the light
source oulside the dome for releasing the heat generated in the environment

surrounding the growing device.

[0049] According to an embodiment, the dome 100 may be made using a
transparent or translucent material to allow most of the light to reach the inside
volume in which the plant grows, and in this case, may be made from a suitable
plastic material, or tempered glass, or any combination thereof. The dome 100
may also have color if the light is projected from the inside of if it is projected
therein using cutouts/openings. More generally, the dome 100 may be
transparent, translucent, or opaque, and may be made from a suitable plastic
material, a glass material, wood, a metal or any combination thereof to provide
additional structural strength. The surfaces forming the inside of the dome 100
may even comprise a reflecting coating such as to form inner mirrors that reflect
light inside the dome instead of absorbing it, thus ensuring that the light emitted
by the light sources is maximally absorbed by the leaves, to increase production
yield, and not by the dome material (which would further cause undesirable

heating).

[0050] The dome 100 may be completely rigid, for example formed of a
single plastic object molded as a single piece, or formed of rigid panels attached,
welded, nailed or otherwise attached or secured together. Alternatively, the dome

10
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100 may comprise a rigid structure made of rigid arms forming a frame on which
panels are mounted for enclosing the inside volume in which the plant is
expected to grow. In this case, the panels may be rigid (and thus mounted on the
structure) or flexible (such as a fabric or canvas). The dome 100 being an
enclosure, protects the plan from external aggressions, such as animals

(squirrels, birds, insects, etc.).

[0051] The light sources 200 can be provided as LEDs, or halogen lamps,
or incandescent lamps, for example, having an emission spectrum which is
appropriate for the plant growing inside the dome 100. According to an
embodiment, the dome 100 comprises dedicated fastening members for
attaching each one of the light sources 200 thereto. According to another
embodiment, the lights sources 200 can be screwed, nailed, pinned, sewn or
adhesively bonded to the dome 100 (i.e., to the surfaces thereof), or to a

structure of the dome if the dome is formed of rigid arms and flexible surfaces.

[0052] As shown in Fig. 1, the enclosure or dome 100 comprises a top
dome surface 120 and a lateral dome surface 110. The lateral dome surface 110
can have a curvature and be, for example, circular when viewed from the top. In
this case, the lateral dome surface 110 would be a cylinder that surrounds the
plant. Otherwise, the lateral dome surface 110 can be polygonal when viewed
from the top (or in the cross section), and the lateral dome surface 110 would
then be a prism that surrounds the plant. Alternatively, the dome can have a bell
shape. The dome 100 should be closed on the top in that it comprises a top

dome surface 120.

[0053] According to an embodiment, the top dome surface 120 is
removable or hingeable, or a portion thereof is removable or openable, to act as
a vent. Other openings or cutouts may be provided to form other vents.
Moreover, having the top dome surface 120 removable provides the possibility to
install a fan 410 onto the opening that is left when removing it, as explained
further below.

11
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[0054] According to an embodiment, the dome 100 does not have a
bottom surface, so that the dome 100 is open to the bottom. However, the lateral
dome surface 120 ends at the bottom with an edge 130 that has the circular or
polygonal shape, for example, and that contacts the ground when the dome 100
stands on the ground around and over the plant. The edge 130 may comprises

legs or pegs which stand onto the ground.

[0055] Now referring to Fig. 2, there is shown that the dome 100 can also
be standing over a pot 300 or other type of container for a plant e.g. tray
including a growing medium. The dome 100 is therefore usable on any pot of
suitable dimensions and it encloses the volume which is located above the pot in
which the plant, growing from the pot, is expected to extend. In order to help
accommodating to a variety of pot diameters and dimensions, the lateral dome
surface 110 may end at its bottom with a skirt 112. The skirt 112 comprises a
member which extends laterally, such as extending laterally (but could extend
inwardly in addition or in replacement of the outward extension). Having the skirt
112 extend at least in the horizontal plane aids in having the dome 100 adapt to
various pot diameters and entering in contact with the pot upper edge when the
dome stands thereon. Otherwise, there may be provided pegs which stand onto
the pot 300. The dome 100 may be adapted to be releasably secured to the pot
300 using a suitable locking mechanism. For example, the dome may be
releasably screwed onto the pot 300 or vice versa, or may be clipped onto it
using clips, or snap connectors, etc., which could be provided at the bottom end
of the dome 100 (i.e., under the skirt 112 or on the pegs provided at the bottom).
In an embodiment, the system may include the dome/cage and the container to
which the dome/cage connect and which includes the soil and the plant. This
application is typically used for growing plants indoor, for transportation etc.

[0056] Now referring to Fig. 3, there are shown various features which are
shown only in Fig. 3, but are independent one from the other.

12
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[0057] According to an embodiment, there is provided a fan 410 onto the
dome 100. The fan 410 can be used to maintain a stable or adequate
temperature in the dome 100 for optimal growth of the plant, by having the fan
410 preferentially evacuate the warmer air that reaches the top of the dome 100

and would otherwise accumulate there.

[0058] If a fan 410 is used, the top surface 120 should at least comprise
perforations or any other type of opening to allow the air to be drawn up by the
fan 410. It can be provided below the fan 410, as shown in Fig. 3, implying that
that fan 410 is installed by being fitted onto the top surface 120, onto which it can
be secured (using a clip, a snap connector, etc.). Preferably, the top surface 120
should be removable (e.g., a removable lid) so that the fan 410 can be positioned
there instead of the top surface 120. The top surface of the fan element should
also be perforated or widely open to allow the upward evacuation of warm air,

and/or comprise a filter, as described below.

[0059] Indeed, if a fan 410 is used, some particles, such as dust from the
soil or particles produced by the plant itself, can be propelled by the fan 410
away to the surroundings. To avoid this situation, a filter 420 can be installed,
e.g., at the output of the fan 410 (as shown in Fig. 3) or between the fan 410 and
the top dome surface 120 if this it is still present as a perforated lid onto the fan
410. The filter 420 can therefore capture the dust or other particles.

[0060] According to an embodiment, the pot 300 can be a self-watering
pot, which is useful given that the plant and its immediate surrounding is covered
by the dome and hence hardly accessible for watering without temporarily
removing the dome 100. A saucer 310 is shown as an example of a device that
can contain excess water and contribute to the self-watering feature of the pot
300.

[0061] According to an embodiment, the light sources 200 can be installed

inside the surfaces forming the dome 100.

13
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[0062] According to another embodiment, and still referring to Fig. 3, the
dome 100 comprises apertures 101 (or openings or perforations) at dedicated
locations such that the light sources 200 can be fitted within the dedicated
apertures 101. In this case, the light scurces have their illuminating end within
the aperture 101 which can even protrude inside the dome 100, whereas the
supporting electronics of the light source is rather located outside the dome 100,
as shown in Fig. 3. In other words, in this embodiment, the illuminating sources
200 are light-emitting dicdes having an illumination portion and an electronic
portion, the illumination portion being directed toward an inside volume of the
enclosure and the electronic portion remaining on the system, out of the
enclosure. This is advantageous in that the surfaces (110, 120) forming the dome
100 have no requirement regarding transparency. Moreover, if the light sources
are LEDs, the illuminating portion, located inside the dome 100, does not
produce significant heat and does not affect the temperature inside the dome,
whereas the supporting electronics, which produces significant heat, is located
outside the dome 100, thereby not affecting the temperature inside the dome.
This embodiment mitigates heat generation inside the dome 100.
Advantageously, the dedicated apertures 101 can be located, for example, at
regular intervals around the lateral surface 110, in which case the light sources
200 can be provided on a strip 230 which can be installed by stretching it on the
contour of the dome, thus installing a plurality of light sources 200 simultaneously

on a single stage of light sources 200 all around the dome 100.

[0063] In a less preferred embodiment, the light sources 200 can be
installed on the outside of the surfaces forming the dome 100, in which case the
surfaces (110, 120) forming the dome should be transparent, either as a whole or
at least for the portions on which the light sources 200 are installed, such that the

light emitted therefrom reaches the inside of the dome 100 to illuminate the plant.

[0064] Now referring to Figs. 4-5, there is described another embodiment
in which the dome 100 is replaced by a cage 400. The cage 400 differs from the

14
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dome in that it is not a closed surface, i.e., it does not have surfaces that make
up an enclosure, thereby offering instead only a skeleton onto which the light
sources are mounted. The skeleton still defines an inside volume for growing the
plant, without enclosing it with closed surfaces. The cage 400 differs from the
dome 100 in that it is not a closed volume, but it can still provide a support for
additional lighting when natural lighting from the environment outside the cage
400 is not sufficient for the plant, for example in winter time or when the plant is
in the shade.

[0065] The cage 400 comprises lateral members 410 and top members
420 which make up a cage, without surfaces between them. The members (410,
420) can be viewed as arms or bars and are preferably rigid to be self-
supporting. The cage 400 can be a rectangular prism or a cylinder (both can be
inferred from the side view of Fig. 4), or have a bell shape by curving the lateral
members 410 such that they join at the top (Fig. 5, thereby not being distinct from
the top members 420, as a single member has a curvature which makes it rather
horizontal on a portion thereof and rather vertical on another portion thereof). The
light sources are mounted on to the members 410, 420 and provide a
functionality similar to the embodiments of Figs. 1-3. Fasteners can be provided

on the members 410, 420 to install the light sources 200.

[0066] According to an embodiment, the bottom portion of the lateral
members 410 can end with a base portion 412 which has a horizontal component
(i.e., it extends at least partially horizontally, in a manner similar to the skirt 112)
so that the cage 400 can stand on a pot of an unknown diameter, within the
range allowed by the horizontal extension of the base portion 412 which would lie

onto the upper edge of the pot 300 when being installed thereonto.

[0067] If there is a need to close the cage 400 to form an enclosure, a
cover (e.g., made of fabric, plastic fabric, panels, etc.) can be installed either onto
the cage or underneath its members 410, 420. Fastenings members should be
provided to ensure that the cover holds to the cage 400. This can prevent

15
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overexposure to the sun or prevent insects from reaching the plant. If there is a
cover over the cage 400, a vent can be provided, for example by having an

opening on the top.

[0068] According to an embodiment, and as shown in Figs. 6-7, the light
sources 200 can be provided on a strip 230 which can have a shape of a ring
and comprise elongated portions, for example. The strip 230, with its light
sources 200, can then be installed onto the cage 400. More precisely, the ring
shape c¢an be installed by being secured at various anchoring locations onto the
cage 400 (or onto the dome 100) so that the ring forms a stage, and the
elongated portions extend downwardly along the lateral members 410 (or along
the structure supporting the lateral surfaces 110 of the dome). Fig. 6 shows the
ring-shaped strip having elongated portions, and Fig. 7 shows a cage ontc which
two of these strips have been installed, or a strip 230 comprising two rings of

suitable diameter to fit the cage 400 (i.e., substantially the same diameter).

[0069] Each of the arms comprise a vertical portion which extends
vertically, and may be curved at an upper portion thereof to extend at least partly
horizontally (horizontal portion). An intermediate portion where the arm is curved
between the vertical and the horizontal can be defined. The strip 230 comprises
elongated members which match the arms of the cage, and can be releasably
attached or secured thereto (e.g., using a Velcro™ hook-and-loop type of
attachment, or snap connectors, or a zipper, or buttons). According to an
embodiment, each of the elongated members of the strip matches the vertical
portion of a corresponding one of the arms of the cage. The strip 230 further
comprises a ring from which the elongated members extend, the ring being
installed circumferentially around the cage about all of the arms. For example,
the ring can lay onto the intermediate portion of each of the arms between the
vertical portion and the horizontal portion, with the elongated members extending
downwardly, each on the vertical portion of a corresponding arm.
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[0070] According to another embodiment, the strips 230 can be the light
sources 200, for example by making the strips with a light-diffusing material and

by projecting the light from within.

[0071] The strips 230 can have any other shape which is consistent with
the shape of the dome 100 or of the cage 400, which can be of any shape that is
suitable to enclose a plant, including, without limitation, a cylinder, prism, cone,
pyramid, or any other regular or irregular three-dimensional shape that can
reasonably surround the plant. For example, the cage 400 may be provided as a
rectangular box or a cylinder (Fig. 4 is a side view which applied to both shapes),
and the strips 230 may be provided as bars or any combination of linear strips

that fits onto such a structure.

[0072] According to an embodiment, the light sources 200 can be
modulated in various respects. For example, the light sources 200 can have their
emission spectrum modulated over time. This may be advantageous to adapt the
emitted wavelength to the requirements of the plant, which vary over the plant's
growing time. Accordingly, the emission spectrum can be optimized for each
period of growth, and can even be modulated to emit different wavelengths

toward different parts of the plant if this can be advantageous.

[0073] Similarly, the intensity of each the light sources can be modulated
according to the plant’'s growth stage, according to the part of the plant being
illuminated, and according to the base illumination coming from the environment
(i.e., taking into account daylight to adapt the illumination produced from the light
sources 200). Indeed, daylight can reach the plant if the dome 100 is transparent
or translucent, or if the cage 400 is used without any cover. Otherwise, the plant
may also benefit from using a daylight harvester, which can use a light collector
to collect daylight and illuminate the plant, thus reducing the requirements in

terms of artificial lighting.

17



CA 03144729 2022-1-18

WO 2021/022373 PCT/CA2020/051073

[0074] If the top dome surface 120 of the dome 100 is removable, or if the
cage 400 is used without any cover, the top surface of the plant can be
iluminated using an external lighting device which can be more intense. For
example, the external lighting device can be CMH {ceramic metal halide), HPS
(high pressure sodium), MH (metal halide) or other types of intense lighting for
the top, while the light sources 200 on the supports act like supplemental lighting,
especially for the lower leaves.

[0075] If having continuous lighting over time is not necessary, a timer can
be added to control the lighting from the light sources 200. In that case, it may be
desirable to modulate the start and the end of the lighting period to provided a
soft start and a soft end (i.e., the transition from on/off or offfon is not

instantaneous to make the transition smooth).

[0076] According to an embodiment, if a fan 410 is used, the dome 100
can comprise sensors which collect data upon which the decision to operate the

fan 410 may be based, for example, a thermometer and a hygrometer.

[0077] A panel control board can be provided for a user to turn on/off or
setup the light sources 200, the fan 410 and other controllable devices. A WiFi or
Bluetooth® communication device can also be added for exporting data or for
sending instructions to the control board of the dome remotely.

[0078] The power source for the dome 100 needed to operate the light
sources 200 and, if relevant, the fans 410 and other electronics (such as a
control board or a microcontroller or controller which receives data and controls
any equipment such as the power fed to the light sources 200 via a power outlet
or battery in view of the time or other indicators such as detected natural
lighting), can come from an electrical connector plugged into an outlet, and/or
from other sources such as a battery, a solar panel, and the like. A converter

may be necessary if there is a type mismatch (in terms of AC or DC) between
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power sources and power consuming devices, and a transformer may also be

necessary to adjust voltage.

[0079] According to an embodiment, the dome 100 is a dome for transport,
i.e., a plant can be installed therein for transportation. In that case, storage in an
enclosed environment such as a truck can be expected, hence the advantage of
providing lighting directly into the dome 100.

[0080] Providing the power source as a battery is therefore advantageous
since the power can be provided regardless of the location of the dome, i.e., the
dome 100 is operable in a standalone manner, without wiring, where the battery
is included with the dome and secured thereon or therein. The battery can be
rechargeable when connecting the dome 100 to an electrical outlet (or using a
solar panel) using appropriate circuitry to recharge the battery. The battery can
also be replaceable.

[00381] According to an embodiment, in replacement of the battery or in
addition thereto, wiring with an electrical connector can be provided to plug the
dome 100 in a power outlet.

[0082] The additional lighting provided by the dome 100 or the cage 400 is
useful to more evenly distribute the lighting over space along the height of the
plant and from various angles not provided by natural lighting. Moreover, it is
useful to make the lighting more constant or more significant/fintense than natural
lighting over time to compensate for weather changes. It can be used to light the
plant during winter time to a level of illumination which is similar to the one
received during the summer, thus avoiding the leaves getting yellow or fading in
winter time, and to modify the existing light spectrum by adding new wavelengths
and colors.

[0083] According to an embodiment, a light sensor may be provided to
detect the current level of lighting. The power which is fed to the lighting sources
200 can then be controlled in accordance with the detected level of lighting to
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compensate for the level of lighting detected, i.e., if the level of lighting is low,
than the power inputted into the lighting sources 200 and which is controlled by
the controller can be increased to keep an overall illumination (natural + artificial)
to an acceptable total level. A clock and/or a calendar can be included in the
controller to compare whether the detected level of lighting (detected by the light
sensor) is lower than the expected lighting for that date and time and perform the
lighting compensation accordingly.

[0034] In order to make the lighting even more constant over time to
compensate for weather changes, a solar panel may be provided and
advantagecusly located at a location where the sunlight is strong. The solar
panel is used to collect natural light (i.e., sunlight) and convert it to electric power
which is then stored in the battery described above. The battery may then be
regulated to power the light sources 200 in a more controlled manner over time
which makes the illumination more constant over time and avoids significant
periods with low illumination. Accordingly, the lights can use the energy stored in
the battery (or received from an external power source) to prolong the lighting
period over the plant, intensify the light over the plant, modify the spectrum by
adding colors or wavelengths not available in the ambient light, and provide light
when ambient is not available. Control of the light operation maybe done using a
timer or a control unit (e.g. panel control board) adapted to receive input from the

user as to what program or illumination schedule to follow.

[0085] Now referring to Fig. 8, the dome 100 or the cage 400 can be
provided with an extension 500 adapted to be operably connected to the
dome/cage. In an embodiment, the extension may be adapted to match the
diameter (or dimension in general) of the original dome 100 or cage 400 so that it
can be installed below it to make the dome 100 or cage 400 taller as the plant
grows over time. According to an embodiment, the extension 500 comprises the
same kind of structure or frame which receives the light sources, or comprises
the light sources themselves, in which case the extension comprises an electrical
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connection which connects to a complementary electrical connection on the
dome 100 or cage 400. In an embodiment, the provision of electrical current to
the extension occurs automatically when connecting the cage to the extension.
For example, matching electrical connectors 510 may be provided which
electrically connect the extension to the dome so that the extension 500 can also
shine light on the lower section of the plants, as exemplified in Fig. 8, where the
electrical connectors 510 provide electrical power to the light sources 200 of the
extension 500.

[0086] In ancther embodiment, the legs of the dome 100 or cage 400 are
telescopic, making the dome 100 or cage 400 adaptable to the plant growing in
height over time. The dome 100 or cage 400 can be provided in different sizes to
accommodate for different types of plants of different sizes, as exemplified in
Figs.9A & 9B. Fig. 9A illustrates the cage 400 with having on the arms 410 a
telescopic portion 415. In Fig. 9A, the telescopic portion is In a compacted
position, i.e., they are shortened, while in Fig. 9B, the arms 410 are in an
extended position, i.e., they are each extended to accommodate for plant growth
or simply to accommodate another plant which would be higher. The light
sources 200 are more spaced from each other in the extended position than in
the compacted position as a result of the extension of the telescopic portion 415

in between.
[0087]

[0038] While preferred embodiments have been described above and
illustrated in the accompanying drawings, it will be evident to those skilled in the
art that modifications may be made without departing from this disclosure. Such
modifications are considered as possible variants comprised in the scope of the

disclosure.
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CLAIMS:

A method for lighting a plant comprising:

- providing a dome or cage defining an inner volume that surrounds

and covers the plant;

- providing a plurality of light sources supported by the dome or
cage, the light sources being distributed vertically from a bottom of the
dome or cage to a top of the dome or cage and around the dome or cage
to surround the plant with light from bottom to top; and

- controlling the light sources to perform one or more of: projecting
light in the dark, extending ambient light hours, increasing an intensity of
an existing ambient light; and modifying a spectrum of the existing ambient
light in accordance with growth requirements specific to a given plant

growing in a specific environment.

The method of claim 1, further comprising:
- providing a solar panel on the dome or cage;

- providing the light sources with electric energy generated by the

solar panel either directly or through a battery operably connected to the solar
panel for storing the electric energy received from the solar panel, and

- operating the dome or cage as a standalone unit independently of

external energy sources.

The method of claim 1, further comprising:

- receiving a user input setting a lighting program; and
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- controlling the light sources in accordance with the set program.

4, A system for lighting a plant comprising:

- a dome forming an enclosure that surrounds and covers the plant;

and

- a plurality of light sources supported by the dome, the light sources
being distributed vertically from a bottom of the dome to a top of the dome
and around the dome to illuminate an inside of the dome;

wherein the system is adapted to control the light sources to perform one
or more of. projecting light in the dark, extending ambient light hours, increasing
an intensity of an existing ambient light; and modifying a spectrum of the existing
ambient light in accordance with growth requirements specific to a given plant
growing in a specific environment;

the system being used to surround the plant with light from bottom to top
during transportation, storage and normal growth in the specific environment,

while protecting the plant from animals, insects and harsh weather conditions.

5. The system of claim 4, further comprising a solar panel operably
connected to the light sources either directly or through a battery for operating
the system as a standalone unit independently of external energy sources.

6. The system of claim 4, further comprising a control unit adapted to receive
a user input setting a lighting program, the system being adapted to control
operation of the lights using the set program.
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7. The systermn of claim 4, wherein the dome comprises a top dome surface
above the plant and a lateral dome surface extending around the plant, a portion
of the light sources being supported by the top dome surface and a remainder of

the light sources being supported by the lateral dome surface.

8. The system of claim 7, further comprising a fan at a top of the dome for

evacuating air upwardly.

9. The system of claim 7, wherein the top surface is a lid installed above the

fan.

10. The system of claim 7, wherein the top surface is a lid and the fan is
installed thereon.

11. The system of claim 9 or 10, further comprising a filter which is installed

above the fan for filtering particles evacuated from the system.

12. The system of claim 4, wherein the top dome surface and the lateral dome
surface comprise perforations, distributed vertically from the bottom of the dome
to the top of the dome and around the dome, in which the light sources can be

mounted by being inserted from the outside to illuminate the inside of the dome.

13.  The system of claim 12, wherein the illuminating sources are light-emitting
diodes having an illumination portion and an electronic portion, the illumination
portion being directed toward an inside volume of the enclosure and the

electronic portion remaining on the system, out of the enclosure.
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14. The system of claim 4, wherein the dome is made of a translucent material
that allows ambient light to penetrate the dome.

15. The system of claim 4, wherein the dome is made of an opaque material

that does not allow ambient light into the dome.

16. The system of claim 15, wherein the dome comprises a reflective layer on
an inside surface thereof to reflect and recycle the light generated by the light

sources.

17. The system of claim 4 further comprising an extension dimensioned to
operably connect to the dome for extending the height of the enclosure defined
by dome, the extension comprising light sources distributed vertically from a
bottom of the extension to a top of the extension and around the extension and
being electrically connected to the dome so that operation of the light sources of
the extension follow the operation of the light sources of the dome.

18. A system for lighting a plant comprising:

- a cage comprising self-supporting arms forming the cage that

surrounds and extends over the plant; and

- a plurality of light sources supported by the arms of the cage, the
light sources being distributed vertically from a bottom of the cage to a top
of the cage and around the cage to illuminate an inside of the cage;

wherein the system is adapted to control the light sources to perform one

or more of. projecting light in the dark, extending ambient light hours, increasing
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an intensity of an existing ambient light; and modifying a spectrum of the existing
ambient light in accordance with growth requirements specific to a given plant

growing in a specific environment;

the system being used to surround the plant with light from bottom to top

during transportation, storage and normal growth in the specific environment.

19. The system of claim 18, futher comprising a solar panel operably
connected to the light sources either directly or through a battery for operating

the system as a standalone unit independently of external energy sources.

20. The system of claim 17, further comprising a control unit adapted to
receive a user input setting a lighting program, the system being adapted to

control operation of the lights using the set program.

21. The system of claim 18, further comprising an extension dimensioned to
operably connect to the cage for extending the height of the cage, the extension
comprising light sources distributed vertically from a bottom of the extension to a
top of the extension and around the extension and being electrically connected to
the cage so that operation of the light sources of the extension follow the
operation of the light sources of the cage.

22 The system of claim 18, wherein a length of the arms of the cage is
adjustable in a telescoping manner to extend the height of the cage to
accommodate for the plant’s growth.
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