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DESCRIPTION

FIELD OF APPLICATION

[0001] The present invention relates to an automatic and modular system for handling vertical
farms, generally of the hydroponic or aeroponic, or aguaponic type.

[0002] More precisely, the invention relates to an automatic and modular system for handling
the so-called "vertical farms” used for the soilless farming of plants. The present invention Is
described below with reference to a hydroponic system, which however does not exclude other
methods of soilless farming that can be mentioned specifically at the time of differentiation In
relation to the construction techniques that can be adopted. The system according to the
Invention 1s composed of a plurality of modular storage units with a vertical and quadrangular
plan arrangement, each of which comprises a plurality of levels in which trays are arranged
slidable on guides, wherein each tray can be individually collected by a movable system control
and handling unit that allows the filing and collection of the plants or hydroponic farmed
products contained in each tray.

[0003] The automatic and modular handling system for vertical farms according to the
Invention intends to solve the problems encountered using traditional vertical farms, 1.e.
problems deriving from the difficulties in handling a hydroponic system with crops arranged on
various levels with a vertical extension inside each module.

[0004] The present invention I1s advantageously applied in the sector of systems for handling
vertical farms used for hydroponic or aeroponic and aguaponic farming.

PRIOR ART

[0005] The recent development of so-called vertical farms is known, 1.e. vertical farming based
on hydroponic technology, whose prerogative is that of allowing the development of the growth
of plants in special conditions, some of which are listed below:

e possibility of not using soll;

o exploitation of the vertical volume,

e possibility of indoor farms;

e up to 80% reduction in the use of water;

o greater productivity;

e elimination of the use of fertilizers and pesticides;

o elimination of the dispersion of substances in the soil with the consequent involvement of
the water table;

e redevelopment of abandoned buildings;
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e |ocally grown production;
o continuous farming 365 days a year, regardless of the seasons.

[0006] In general, hydroponic farming means the implementation of one of the soilless farming
techniques, where soll 1s replaced by an inert substrate, such as expanded clay, perlite,
vermiculite, coconut fibre, rock wool, zeolite, etc.), therefore also comprising the aeroponic and
aguaponic techniques.

[0007] The plant is irrigated with a nutritious solution composed of water and compounds
(mainly inorganic in the case of hydroponic or aeroponic, whereas they are organic or mixed In
the case of aquaponic techniques) necessary for providing all the essential elements for
normal mineral nutrition. The technigque Is otherwise known by the term water culture.
Hydroponic farming allows controlled production both from a quality and hygiene/sanitary point
of view throughout the whole year.

[0008] The system of hydroponic vertical farming i1s based on the fact that the crops are
arranged on various floors or levels, with a vertical extension of the crops themselves.

[0009] The advantages are clear. Targeted production, in short timescales, allows supplies
close to the user, without pesticides or chemical fertilizers, the targeted use of water and the
possibility of farming all year round, even In restricted or redeveloped spaces, aside from the
defence of the water table protected by the hydroponic farming system.

[0010] For these reasons, this type of farm is constantly gaining importance.

[0011] Some of these hydroponic farms are performed using sunlight, but in this case the
production timescales depend on the weather, whereas in other cases systems are used with

lights, generally and recently with latest generation LED technology and centralised irrigation
systems distributed throughout the entire farm.

[0012] The lighting systems are designed so that the plantations receive the whole photonic
spectrum they need for growth and are modulated with timescales and algorithms taken from
experience and the growing times for each type of crop.

[0013] The irrigation system provides a sorting centre for sorting the nutritious fluids (water
and mineral salts) that travels through the whole plantation (hundreds of metres or km of
pipes) so that every plant receives its dose of nutrient. All the crops should in theory receive
the same nutrition but there Is no certainty that the objective 1s certainly reached for all the
plants.

[0014] The positioning of the crops takes place with a vertical arrangement and with height
limitations in the event that the harvesting has to be performed manually, whereas heights of a
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few metres can be reached in the event of harvesting by means of self-propelled trucks with
the possibility of height adjustment.

[0015] The trays containing the products are positioned on shelves similar to those used in the
storage warehouses of goods In logistics centres.

[0016] In general, hydroponic farming systems, even vertical ones, imply a reduction in water
consumption, especially with closed systems that recover the nutritious solution not used by
the plants and recycle it, with consequent water savings up to 80-90%, with respect to
traditional farming on soll.

[0017] Furthermore, such farms lead to an efficient use of fertiizers and improved
management of the plant nutrition, and there i1s also better control over the phytosanitary
conditions: no longer being connected to the soll, the incidence of diseases that are spread by
the soll and the parasites normally present in the soil are reduced, If not eliminated.

[0018] Furthermore, hydroponic farming, also the vertical type, determines the elimination of
competition with weeds.

[0019] Again, sollless systems can be used efficiently in dry environments and climates, as
they imply a reduction in waste and losses of water and nutrients which therefore leads to a
lower environmental impact, also connected with an extremely Iimited use of crop protection
products and weed Kkillers.

[0020] The problem encountered with the use of traditional hydroponic farms with a vertical
extension consists of the difficult handling of the crops arranged on various levels, in particular
those of the higher levels, which in order to be reached require the use of ladders or, for the
mechanisation of the system, in some cases self-propelled means are also used, such as
trucks or fork lift trucks.

[0021] The use of such equipment has also highlighted the problematic handling of the crops
placed at the higher levels, as mechanised systems also do not allow the direct control and
handling of the crops.

[0022] Furthermore, for farms with a vertical extension performed inside closed environments,
the column elements often used are subject to height restrictions determined by the height of
the floors inside the buildings in which the farms are created. The lack of modularity of known
systems does not permit flexible solutions and it is often necessary to demolish floors inside
buildings for the purpose of positioning column elements in determined positions.

[0023] The solutions disclosed in documents WO 2017/024353 and US 2015/0282437 are also
known In the state of the art. These solutions envisage using column elements provided with
different shelves on which the containers used for farming plants are arranged; however, such
solutions are not of the modular type as they do not envisage the possibility of adding further
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mutually connectible column elements by consecutive combination from trays that should
reach each shelf of each element Iin order to vary the positioning thereof both inside the
Individual elements and between one element and another.

[0024] Therefore, the absence of true modularity due to the lack of expandable structures
maintaining the mutual connection, Iimits the possibilities of use of such systems that are
manufactured with determined dimensional characteristics that cannot be further modified In
the cases in which It is necessary to expand the farms.

[0025] Document WO 2017/024353 discloses a high density horticulture growing system
comprising a plurality of containers in which crops are grown and one or more elevator devices
to automatically move the containers between vertically spaced levels of one or more modular
racks. Each elevator device comprises a carrier to transport the containers between the
vertically spaced levels and a ram to push the containers from the carrier onto one or more
longitudinal supports at the vertically spaced levels. A first conveying device moves containers
at least horizontally from a crop planting area to each rack and a second conveying device
moves containers at least horizontally from each rack to a crop storage area. One or more
processors control movement of the containers, watering of the crops, temperature, lighting
and other parameters of the system. A plurality of the high density horticulture growing
systems are in communication with a centralised data monitoring and collection system for the
transmission and reception of data relating to the growing of crops.

[0026] Document US 2015/282437 discloses a plant cultivation apparatus which can
Implement automatic spraying on leaf surfaces at any time and any number of times to
improve production efficiency while preventing a facility equipped with the apparatus from
having complex configuration and causing adverse effects on constituent parts. The apparatus
Includes a plurality of cultivation shelves that store cultivation trays, transport means for
transferring the cultivation trays, and spraying means for spraying a spray liquid on leaf
surfaces of the plants. The spraying means is arranged on a transfer path or at a transfer
destination of each of the cultivation trays, and includes a separator that forms a partitioned-off
space, and a spray nozzle that sprays the spray liquid toward interior of the space.

[0027] Document EP 2712499 discloses a plant cultivation device comprising a rack unit
provided with cultivation racks on which cultivation units accommodating plants are stored as
culture medium units; and a conveying device which moves along a horizontal movement path
defined by a guide rail, and performs transport of the culture medium units and
loading/unloading of the culture medium units to/from the cultivation racks.

DESCRIPTION OF THE INVENTION

[0028] The present invention sets out to develop the possibility of mechanising and automating
the hydroponic production also and especially that using structures with a vertical
arrangement.
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[0029] In fact, one of the objects of the invention consists of the introduction of a new system
for the movement and handling of specific loading and unloading units of a hydroponic vertical
farm with vertical modular elements, which will be able to exploit the same movement unit
adapted to serve a plurality of modules, eliminating or drastically reducing the drawbacks
highlighted above.

[0030] The Invention sets out, In particular, to provide a movement and handling system for
structures used for hydroponic farms, in particular those with a vertical arrangement, in which a
design Is not necessary but only an integration of additional standardised components that
allow the expansion of the modular system itself.

[0031] Furthermore, the movement and handling system for structures used for hydroponic
farms, In particular those with a vertical arrangement according to the invention allows the
trays of the modules to be exchanged laterally, hence allowing the free arrangement of the
various modules, being able to "design” shapes or fill the space available in the desired way.

[0032] A very important function for the movement system for handling modular structures
used for hydroponic farms, In particular those with a vertical arrangement according to the
Invention, I1s the operating independence of each vertical module. In fact, in the case that
transfers of shelves are in progress within the system, the elevators provided for collecting and
moving the shelves themselves, which can work in parallel to the transfer activities, determine
a net increase In the operating efficiency.

[0033] This 1s obtained through a movement and handling system for structures used for
hydroponic farms, in particular those with a vertical arrangement according to the invention,
whose characteristics are described in the main claim.

[0034] The dependent claims of the present solution outline advantageous embodiments of
the invention.

[0035] The main advantages of the system according to the present invention relate to the
possibility to use modular structures used for hydroponic farms that can remain individual or be
connected In a modular way to other identical modular structures used for hydroponic farms of
the same type, exploiting a modularity concept that allows the gradual growth of the system
according to requirements.

[0036] Unlike other known systems, the movement and handling system for structures used for
hydroponic farms according to the invention allows the occupation of the volume of the sites
where they are installed to be improved.

[0037] The system according to the invention optionally allows the visual management to take
place through electronic searches and with artificial viewing systems.
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[0038] Furthermore, according to the invention it is envisaged that the arrangement of the
modular structures used for hydroponic farms can be designed so as to fill the plan space as
best as possible, generating free shapes with respect for the interfacing positions, or
generating the almost complete filing of the available space, creating volumes that allow the
continuous addition of modules, thus optimising the occupied surface area.

[0039] It 1s also possible, thanks to the fact that the modules that comprise the system
according to the Invention are able to exchange the trays at any height, to provide an
exchange module that allows trays to be transported inside a multi-level building, still
safeguarding the continuity of the system and without requiring the removal of floors between
one level of the building and the next.

[0040] By using the system according to the invention, it is possible to envisage each module
being provided with limited irrigation zones, so as to avoid distribution throughout the whole
system that would require very long piping.

[0041] In fact, the hydroponic farming system according to the invention envisages creating
zones with modules, equipped with different types of lamps of a specific type for the emission
of a particular light spectrum, allowing, thanks to the possibility of movement of the trays
containing the crops, them to be subjected to different exposure cycles.

[0042] According to the Invention, it IS envisaged that some zones of the module may be
excluded from the light radiation system so as to allow the cycle in the dark without switching
off the lamps but by moving the trays into the dark zones.

[0043] This allows a saving on lighting elements.

[0044] The possibility to move the crops In trays also allows them to be spaced out, with steps
of defined heights, from the radiation sources, hence being able to vary the absorption
conditions.

[0045] The modules In some configurations can envisage the presence of conditioning
systems for the air environment, therefore the management of parameters such as the
moisture and the composition of the air.

[0046] The Information system of the system according to the invention, based on neural
algorithms of properties, allows a machine learning and deep learning system to be activated,
.e. smart management, which iIs able to gradually feed the system's database providing
Information on the best expected cycles or to be actuated in the case of different types of
Crops.

[0047] As the position of each Individual plant grown is known, all the characteristics from
seeding to harvest, how much it has absorbed Iin terms of nutrients, what light it has absorbed,
etc. are known.
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[0048] Therefore every plant can be controlled with total traceability.

[0049] In relation to seeding, the structure used for handling hydroponic farms with one or
more Individual vertical modules according to the Iinvention can be automated whenever
different types of crops are desired.

[0050] Such automation piloted by the information system allows the future product to be
Introduced onto the market to be traced right from the seeding step, since the allocation
coordinates are known In the case of using previously implanted pods or seeding and the
physical position within the system of trays inserted into the modular system, as they are
unique.

[0051] This implies a drastic reduction of the hydraulic part of each system, with the possibility
of differentiating the type of additives to be introduced into the supply liquid and the possibility
of differentiating the quantity and the mix thereof with discrimination, even of each individual
plant, considering that the coordinates are known; it will be possible during the growing time to
add thereto the information related to how much water the plant with a known ID has received,
the quantity of additives, the spraying frequency, etc.

[0052] The presence of one or more cameras Is also envisaged, allocated in a zone of the
module, that memorise the status of the plants in the trays. The information management
system considers the status of each plant, compares it with previous images, with those of
plants with similar characteristics (type, crop, times) and assesses Iits state of health.

[0053] In this way, It Is possible to activate corrective actions for the growth of the plants, as
well as being able to historicise different combinations of mix in the food, light exposure, times
or the like, allowing variations to the growth process and continuous optimisation.

[0054] All this translates into a constant source of data and images of each individual plant,
and such data can be maintained until the end of the traceability of the product.

[0055] Therefore, in addition to the previous identification data of the plant, it is possible to
store In the Information for traceability or for the purpose of study and optimisation also the
light exposure times, distances, colours, therefore all the variables connected with the light
exposure cycles to which they have been subjected.

[0056] The possibility Is also envisaged of completely removing a determined tray containing
the products for seeding purposes, the introduction of pre-planted pods, and harvesting and
they can be conveyed to other destinations also through self-propelled means, such as trucks,
or the like.

ILLUSTRATION OF THE DRAWINGS
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[0057] Further characteristics and advantages of the invention will become apparent from
reading the following description of an embodiment of the invention provided by way of non-
imiting example with the aid of the figures illustrated in the appended tables of drawings, In
which:

e figure 1 Is a lateral view exemplifying a module used for vertical hydroponic farming
pertaining to a system according to the invention, which can be connected with further
adjacent modules;

e figure 2 1s a front schematic view of an example of a hydroponic farming system with
multiple adjacent modules that can be arranged according to any layout and usable as a
modular logistic system according to the invention;

e figure 3 represents a schematic plan view of the system according to figure 2;

o figure 4 illustrates a schematic, perspective and partially exploded view of a module of a
hydroponic farming structure used in the handling system according to the invention:;

o flgures 5 and 6 represent, In lateral and schematic perspective views respectively, a
system for pulling trays along the axis X cooperating with vertical tray transfer device
device pertaining to a module according to the present invention;

e figure 7/ Is a schematic plan view of a possible system configuration for the automatic
handling of soilless crops according to the present invention;

e flgure 8 shows a plan view that highlights the configuration of the supports that have
been joined with crosspieces to form a module;

e figures 9 to 11 represent a pair of laterally joined modules provided with a device for the
lateral transfer of trays along the Y axis and vertical along the Z axis.

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0058] With reference to the appended figures, and initially in particular to figures 1 and 2, 30
generally indicates an individual module of structures used for handling vertical hydroponic
farms according to the invention. Said module 30 has a substantially parallelepiped shape with
a vertical arrangement and quadrangular plan, comprising two flanks, opposite each other two
by two supported by respective vertical supports 31, which rise starting from a lower resting
plane.

[0059] With reference to figures 2 and 3, It Is envisaged that, according to the invention, a
Individual module 30 of structure used for the vertical handling of hydroponic farms can be
placed alongside other individual adjacent modules 30, forming a network of modules with
which 1t Is possible, through internal exchange systems, to move suitable trays 32 for
containing plants of hydroponic crops present in each module.

[0060] In particular, inside each individual module 30 trays 32 are present that contain the
crops, which can be collected to be handled from any station and not necessarily from the
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module where they are contained.

[0061] More precisely, with reference to figure 4, each module 30 comprises four supports 31
comprising structural flanks with a vertical arrangement, Iin turn provided with seats or
horizontal guides for the introduction, in the horizontal direction (axis Y In figure 4), of a
plurality of trays 32 adapted to contain products of the hydroponic farm.

[0062] For example, such trays contain a suitable substrate on which the seeded crop can
grow or on which pods can be deposited containing inert and pre-planted material arranged
according to a defined geometry.

[0063] The structural flanks 31 shown In figure 4 that define the housing of the trays 32 are
arranged two by two opposite each other, and between them a central space Is defined In
which a shelf 33" operates pertaining to a vertical tray transfer device 33 (see figures 9-11)
arranged on four pulley belts or chains also with a vertical arrangement and activated by
means of motorisation assemblies 34 able to translate the shelf 33" of the vertical tray transfer
device 33 from a lowered position at ground level to a raised position In proximity to the upper
closing panel of the module 30, and vice versa.

[0064] The four pulley belts or chains that allow the movement of the shelf of the vertical tray
transfer device 33 are arranged along the internal vertical edges of each structural flank 31 for
supporting trays 32, 1.e. they face towards the central compartment in which the shelf 33' of the
vertical tray transfer device shelf 33 itself operates. Said vertical tray transfer device 33 travels
along the inside of the structure of the module reducing the space occupied by the movement
system. In this way, the space for the lateral transfer of the trays 32 is free.

[0065] Therefore, as can be clearly seen In the figures, the base module of the system
according to the invention, Is comprised of a column with a parallelepiped shape and
comprising three distinct zones, of which a central one for the movement of the shelf of the
vertical tray transfer device 33 and two lateral ones, respectively on one side and the other of
the central zone, provided with resting means for the trays 32 containing the hydroponic crops.

[0066] According to one embodiment the shelf 33" of the vertical tray transfer device 33 Is
further provided with a plurality of openings 35 adapted to be intercepted by an exchange
device comprising respective motorised rollers 36 which, in operation, face the inside of the

shelf 33" of the vertical tray transfer device 33 exceeding In height the horizontal surface of the
shelf 33’ itself.

[0067] This device allows the vertical tray transfer device 33 to be able to reach each tray 32
which can be collected from its housing, loaded onto the vertical tray transfer device and
displaced until reaching any level of the module.

[0068] VWhen a tray 32 Is collected by the vertical tray transfer device and guided to the
motorised rollers 36, the latter cross the openings 35 of the tray 33' of the vertical transfer
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device, take In charge the tray 32 and translate it horizontally towards an adjacent module
provided with analogous motorised rollers until depositing it on the shelf of the vertical tray
transfer device of the adjacent module.

[0069] In relation to the transfer of trays 32 between the central zone of the module 30 and
one of the lateral zones In order to be able to be arranged In their own seats or collected
therefrom, the vertical tray transfer device 1s provided with a horizontal mechanical transfer
means for transferring the trays according to the Y axis indicated in the figures, which are well
known In the state of the art and that will not be further described herein.

[0070] Whenever various modules are present adjacent to each other, it iIs not necessary for
all the modules to have their own vertical tray transfer device at the same height, but only the
starting module and the arrival module must have the same height of vertical tray transfer
device. The Iintermediate modules can therefore activate appropriate translation assemblies
when engaged by the module that precedes them In the delivery direction.

[0071] As lllustrated In figures 5 and 8, each module comprises four supports 31 comprising
structural flanks, each of which is composed of pairs of vertical metal profiles 81 connected to
each other by structural crosspieces.

[0072] In the central zone afforded between the four supports 31, the vertical tray transfer
device 33 operates, which determines the vertical displacement of the trays 32 (axis Z in figure
4).

[0073] For the movement of the vertical tray transfer device 33 at at least one of the profiles
81, a kinematic means 84 (see fig. 8) Is arranged for moving the vertical tray transfer device
arranged In the central part of the module 30 between the supports 31.

[0074] As represented In figure 8, the supports 31 are joined together initially two by two with
crosspieces 83, as well as struts or structural tie rods so as to constitute a set of shelves In
which said supports are load-bearing, and carry on the same side the kinematics 84 for the
movement of the vertical tray transfer device 33 with belts or pulleys with the arrangement
towards the inside of each support 31.

[0075] Therefore two frames are obtained, each of which iIs composed by the joining of two
supports or structural flanks 31 which, placed opposite each other with the belts or chains that
face each other two by two and spaced out with other structural elements, allow the realisation
of the structural skeleton of the module 30. According to a preferential embodiment of the
iInvention, the module 30 has a square plan, where each side has the same length, and is split
Into three Internal zones with a substantially identical width, wherein the central zone is
Intended for the movement of the vertical tray transfer device and the two lateral zones for the
arrangement of the trays 32.

[0076] According to this embodiment, wherein the module 30 has a square plan shape, the
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modules 30 can be flanked and connected to each other in a repeated and modular way
Infinitely.

[0077] A simplified implementation of the system allows two supports 31 of the same side of
the module 30 to be connected with a motion transmission shaft controlled by a single motor
possibly with an associated motion reducer. This implementation allows a reduction In the
costs of the mechanics.

[0078] Unlike what i1s envisaged by the prior art, each module 30 Is completely independent
and does not necessarily depend on the others as it i1s provided with its own vertical tray
transfer device 33 which makes it independent.

[0079] In a system comprising a plurality of modules, according to the present invention, each
module 30 I1s seen separately from the others, and thanks to the transferability of the trays can
be handled In a totally differentiated way. It is not a single system but a cellular system where
on a case-by-case basis the information management system elects a "leader” module that
supervises the general management.

[0080] This ensures that in the case of malfunctioning of one of the modules 30 the others
connected In the network do not stop their activities, drastically reducing the costs of
maintenance and downtime.

[0081] According to a preferential embodiment, the vertical transfer device 33 Is composed of
two coordinated movement elements with 2 or 4 separate motors, which allows the space to be
left free Inside the system so as to be able to house a longitudinal translation system from one
module to another, as illustrated In figures 9 to 11, In which it I1s possible to recognise a
horizontal tray transfer device 85 (Y axis) arranged between two adjacent modules, which
allows tray 32 to be directly transferred from one module to another module connected thereto.
In the embodiment illustrated in figures 9 to 11, the horizontal tray transfer device 85 Is
arranged In the lower part of the adjacent modules. However, it Is clear that said device 85 can
be arranged at any height, based on the design requirements, in which the passage of trays 32
IS desired from one module to another.

[0082] This characteristic appears to be usable with great advantage in the case in which a
module Is structured so as to allow the vertical transfer of trays between two levels of a
building. In this case, a horizontal tray transfer device 85 between adjacent modules can be
arranged at the upper level, therefore allowing the trays to be transferred directly from a lower
level to an upper level without Iinterrupting the physical continuity of the system, which is not
envisaged by any solution known In the state of the art.

[0083] Therefore unlike other constructional embodiments the mechanics studied allows the
passage between modules to be left free, hence not having any obstructions Iin the lateral
exchange zone.
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[0084] Each module may be completely closed with vertical panel walls which may have
different characteristics and functions. They can be configured with quadrangular shaped
panels or however geometrically repeatable, comprising panels that can be arranged In a
totally free way, according to the type of system to implement, having the following possible
non-exclusive characteristics:

o Simple closure for limiting the invasion of any contaminants;

e [ransparent made of plastic or glass materials to allow the passage of light;
e |nsulating so as to thermally insulate the module;

e Radiating so as to allow heating zones inside the module;

o Light radiating with LED light or other lighting devices;

e With fans for circulating air;

o With the release of gases or products or nutrients for farming;

[0085] The two lateral zones opposite the central zone occupied by the vertical transfer device
33 have resting ledges In the shape of fins 37, 37" (see fig. 1) for the trays 32 containing the
crops. The Information system envisaged for farming purposes envisages the smart
management of the movement of the trays 32 containing the crops, allowing the positioning
thereof at free and non-restricting heights.

[0086] As well as the trays 32 containing the crops, the panels that carry the lighting systems
(LED) are also positionable freely with the automated system, therefore allowing the general
arrangement of each module 30 to be re-configured also by moving the lamps.

[0087] Having Installed the lamps movable in the modules, the trays 32 can be configured with
LED diodes with light emission specialisation (determined wavelength, specific for plants).

[0088] The plants need different types of lighting, during the photosynthesis cycle; LED tubes
or current systems envisage the identification of "medium” light emission (white or purple light),
or have all the possibilities to emit in a single emission system with all the different types of
LED assembled with different types of emission.

[0089] Being able to move the drawers with the crops, It Is thus possible to expose them to
specialised light (e.g. only far red etc.) and sequentialise the position thereof and the exposure
time and therefore reduce the cost of the light system being able to install only specific
components (LED diode) in the panels.

[0090] Thanks to the fact that the trays 32 can be moved In defined steps by the software it is
possible to optimise the distance of the crop from the light source. By way of example, this
capacity allows the trays containing the first shoots to be moved closer to the source and

therefore to reduce the electrical power input to the lighting system, obtaining the same energy
transfer effect to the leaf. In fact, iIn common cases the positioning distance of the trays from
the lighting system Is determined Iin a space that allows the plant to grow over time, to obtain
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the obtainable result thanks to the system according to the present invention systems known In
the state of the art must be configured to emit maximum power from the first day, illuminating
for a long time what in actual fact would not require any light, 1.e. the growing plane whether it
IS In soil or inert material where only small receptive leaves are present (at least in the early
growth phase).

[0091] As the plant grows the system having growth analysis sensors provides information to
the software management system to decide at what distance to position the trays 32 in the
subsequent steps, as well as providing exposure/time adjustments (times and type of
emission) to the light sources. This system iIs strongly adaptive according to the growth of the
plants and also the variation of the species grown. The system described herein allows
different species to be farmed in the same system having total control of the growth thereof.

[0092] The possibility of moving the trays also helps with the possibility to inspect the product
at any time without risk to human safety.

[0093] The system according to the invention allows modules to be configured In a
differentiated way that allow the system to be isolated within hostile environments, or zones to
be handled with differentiated microclimates in order to be able to handle the growth of the
products in a precise way.

[0094] An important step of the growing process Is germination; this step generally with greater
farming Iintensity iIs normally performed in different zones. Thanks to the mobility of the trays
and the possiblility to create dedicated zones, it Is possible to position germination modules with
controlled temperatures in order to accelerate also this step while keeping it under control.

[0095] Each connected module can therefore receive and see the transit of trays with crops
coming from other modules, having different characteristics. Each module does not necessarily
have to have all the functions previously Iindicated. It i1s sufficient for some of these to be
present on at least one or some of them according to the loading activity to be performed. The
modularity consists of the fact that at any time in the life of the system it is possible to change
the configuration of the modules without expensive interventions. For example, the irrigation
zone may be present on one module only, the lamps may be moved Into different
configurations, side panels can be added or replaced with others having different functions.

[0096] Thanks to the total modularity of the system's components, it is possible to arrange the
nutrient mixing zone In proximity to the irrigation zone. This allows the nutrient mixes to be kept
precisely under control according to the type of plant and the state of growth.

[0097] The system according to the present invention has the peculiarity of being able to be
used either as a structure for handling hydroponic farms with an individual vertical module or,
by Installing more modules arranged according to any layout, it can be used as an integrated

modular logistic system that can exchange the trays 32 by means of the vertical transfer device
33 with which each module Is equipped.
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[0098] Therefore, by means of a panel equipped with a human machine interface (HMI|) 39
(see figures 1 and 4) or remotely through another information apparatus, the operator can
recall a tray 32 used for hydroponic farming from any position, without necessarily operating
from the module where the desired item Is physically located.

[0099] Therefore, from any farming module the operator recalls a tray containing a crop and
the software system allows the module In which the shelf to be handled Is located to be
iIdentified so that, by means of the motorisation, the vertical tray transfer device 33 Is brought
to the correct height, the relevant tray 32 i1s collected, and by lowering itself to the level
proximal to the ground the lifting of the tray by the vertical tray transfer device 1s activated by
means of rollers 36 (see fig. 5-6).

[0100] Subsequently, the synchronised rotation of the rollers 36 allows the displacement in one
direction or the other of the tray so that it can be displaced laterally towards the adjacent
Individual structure module.

[0101] The adjacent individual structure module In turn, with the vertical tray transfer device In
the ground position, If it is the final destination, activates the rollers that turn in synchrony, and
IS able to receive the tray in the exchange step coming from the adjacent module and allow the
passage should the destination module be another one.

[0102] The electronic control and management part i1s located inside the electric module
generally placed in the lower part of the loading and unloading zone, and can be managed by

a control panel allowing access to the electric panel In all cases of arrangement of the
modules.

[0103] The displacement of the tray to the front, i.e. orthogonally with respect to the lateral
displacement direction imparted by the rollers 36 previously described, i1s obtained through the
use of a horizontal tray transfer device 85, which remains sustained by load-bearing elements
which support the tray 32 itself while the rollers 36 are lowered and In a non-operating
condition so as not to interfere during the frontal movement.

[0104] Such device 85 is optional and is installed at the modules 30 Iin which it Is necessary to
directly transfer the trays from one position to another. As mentioned above, the horizontal tray
transfer device 85 can be installed at any height and generally comprises a pair of motorised
belts acting at two adjacent lateral zones of two adjacent modules. Through said motorised
belts a tray 32 can be transferred directly from a lateral zone of a given module to a
corresponding lateral zone of an adjacent module, without requiring the intervention of any
vertical transfer device 33.

[0105] Each module which, together with other modules, composes the modular system for
handling hydroponic products according to the Invention, comprises the same devices
described above being part of each vertical tray transfer device 33 which can be positioned at
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the same height, by performing appropriately programmed movements in order to receive In
synchrony the moving tray and place it at the centre of the vertical tray transfer device 33 so

that it can be displaced Iinto the programmed location for the loading or collecting of the
components housed therein.

[0106] The information system integrated into each of the modules envisages a redundancy of
databases regarding the whole system (with any limitations if required by the system

administrator) so that, in the event of fallure of any of the electronic apparatuses on-board one
of the modules, there is a backup copy of the data.

[0107] The application of such system to the handling of vertical hydroponic crops offers
numerous advantages for health and for the economy In addition to those deriving from the

possibility to completely automate the process from the seeding step or the positioning of pods
pre-planted with specific seed to the harvesting step.

[0108] The trays containing the inert material that allows the budding and growth of the plants
can be moved within the system thanks to the automated displacement system.

[0109] For each module it is possible to define optional areas with different degrees of impact
on the useful volume that allow, in a concentrated and no longer completely distributed way
throughout the system, the following:

o seeding various types of plants with a robotised system or manually;

e positioning pods pre-planted with specific seed with a robotised system or manually;

e bringing food to the plants in a precise way through a sprinkler, drip, injection or release
Irrigation system or through a robot;

o storing iImages that can be subsequently analysed by the information system;

e bringing the necessary light to the plant growth step (activation of photosynthesis);

o environmental comfort, moisture, oxygenation, air flow, temperature;

e providing a zone where the operator has access for taking samples and checking the
crops being grown.

With reference again to figure 1, it can be noted that each module can be split into various
overlapping zones, each of which provides for different functions.

[0110] Even If the order of the arrangement may be different, it is possible for example to note
from figure 1 that the highest zone indicated with number 70 i1s free from lighting, appropriately

shielded and free from water conduits, therefore it represents a dark zone in which the crops
are inserted for simulating night-time.

[0111] This allows cycles to be performed in the dark in this zone that i1s excluded from light
radiation therefore without the need to switch off (and subsequently switch on) the lamps but
by appropriately moving the trays into such dark zones.

[0112] Below the dark zone 70 a zone /1 i1s afforded which Is dedicated to LED lighting means
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72 In which the trays containing the crops are Inserted for simulating daytime and solar
radiation.

[0113] In the lowest shelf an irrigation zone 73 Is afforded, in which the conduits 74 are
Inserted which end in numerous nozzles or different irrigation systems. The conduits in the
Irrigation zone come from a suitable water source containing nutritious substances and any
Inhibitors that safeguard the crop from the most common pathogenic agents, or in the case of
aquaponic farming from appropriately filtered fish farming tanks.

[0114] The arrangement mentioned by way of example may be diversified as preferred or
according to different requirements that also depend on the various types of crop.

[0115] More generally, in relation to seeding or the positioning of pre-planted pods, the
structure used for handling hydroponic farms with one or more individual vertical modules
according to the invention can be automated whenever different types of crops are desired.

[0116] Such automation piloted by the Iinformation system allows the future product to be
Introduced onto the market to be traced right from the seeding step, since the seeding or pod
positioning coordinates Iin the individual tray are known and the physical position within the
system of trays inserted into the modular system, as they are unique.

[0117] By way of example, the initial data available could be: plant ID, type of implanted seed,
Inert material, seeding coordinates or positioning of the pods in the tray XY, tray |ID, seeding
time, etc.

[0118] Furthermore, unlike the current systems where bulky sorting centres are present for
sorting the nutritious substances to be added to the water and to be brought to the growing
plants, it iIs possible to identify a zone In each module or rationalise the number thereof based
on the conformation of the system or the frequency of use thereof. The trays containing the
iInert material, the seed planted in the pod or the already sprouted plant, can be moved to the
spraying zone, which in the diagram of figure 1 is indicated with the number 73.

[0119] This implies a drastic reduction of the hydraulic part of each system, with the possibility
of differentiating the type of additives to be Introduced Into the supply liquid and even the
possibility of differentiating the quantity and the mix thereof with discrimination of each
Individual plant, considering that the coordinates are known; it will be possible during the
growing time to add thereto the information related to how much water the plant with a known
ID has received, the quantity of additives, the spraying frequency, etc.

[0120] The presence of one or more cameras Is also envisaged, allocated in a zone of the
module, that memorise the status of the plants In the trays. The farm's information
management system considers the status of each plant, compares it with previous images,

with those of plants with similar characteristics (type, crop, times) and assesses its state of
health.
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[0121] In this way, 1t Is possible to activate corrective actions for the growth of the plants, as
well as being able to historicise different combinations of mix in the food, light exposure, times
or the like, allowing variations to the growth process and continuous optimisation.

[0122] All this translates into a constant source of data and images of each individual plant,
and such data can be maintained until the end of the traceability of the product.

[0123] In relation to lighting In current indoor hydroponic farms, lighting systems are provided
that supply specific light to the plantations, hence activating photosynthesis. In fact, each type
of plant reacts differently according to the type of light that hits it.

[0124] Unlike plantations on soil or in greenhouses that can necessarily be seasonal and that
are subject to the whole light spectrum that the sun provides, in the case of closed farms there
IS a possibility of llluminating the plants with specific portions of the spectrum, mixed with
different intensities from each other. A further variable 1s the quantity of photons that can and
must be supplied to the plant for optimal growth. In current vertical farms the distance of the
lamps I1s generally fixed, as well as for the plumbing installation, and the size of the lighting
system must necessarily be large.

[0125] In the case of the system according to the invention, some of the techniques that can
become Iimitations as described above, can be managed in an optimal way.

[0126] For example, the types of light can be concentrated in a single lamp or differentiated by
zones, therefore with different types of LED according to the zone, having the possibility to
move the trays with the products growing it will be possible to allocate the plants in positions
where they can receive the type of light necessary at that given time of their growth, while
other plants can occupy the zone just left free by them.

[0127] The dark cycle, being obtainable by moving the container of plants, will allow a lower
number of light emitters to be adopted that will not be switched off and unused but kept on and

allocated only Iin the positions where their function Is required.

[0128] This technique could allow smaller lighting systems to be Installed and the
rationalisation of the types of lamps to be used and their quantity. The variable "distance” from
the light source iIs In this case manageable. In fact, each tray can be positioned with height
step discriminants that allow variable distances.

[0129] The information and management system according to the invention can consider the
necessary distances, the type of light to be used on a case-by-case basis using for Its
decisions the information deriving from the images stored for the individual plant.

[0130] Therefore, in addition to the previous identification data of the plant, it is possible to
store the Iinformation for traceablility or for the purpose of study and optimisation also the
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exposure times, distances, colours, therefore all the variables connected with the light
exposure cycles to which they have been subjected.

[0131] According to further embodiments of the invention sensors and active elements can be
Installed on each module that allow the correct growing environment to be created for one or
more determined types of plantations.

[0132] The application of the system according to the invention to the handling of vertical
hydroponic farms also points towards humidification or dehumidification of the air, a supply of
oxygen or CO2 or other gaseous mixtures, heating or cooling which may be cyclic or not of the
environment, heating of the tray, etc. All this information can also be stored for optimisation,
study and traceabillity purposes.

[0133] According to the size of the system, zones can be provided that are generally known as
"bays"” where the operators can have the crops to hand without having to move around inside
the entire modular system.

[0134] The reduction of the spaces due to human access allows even more In-depth
optimisation of the volume used for farming, hence drastically reducing the use of self-
propelled means that are sometimes hazardous to the safety of operators, it being necessary
to reach heights of a number of metres. In the event of the systems proposed herein the
current height Iimit for each individual module can be raised to higher values as human
Intervention at height is no longer necessary.

[0135] As already mentioned, the possibility is also envisaged of completely removing a
determined tray containing the products both for seeding and harvesting purposes and they

can be conveyed to other destinations also through self-propelled means, such as trucks, or
the like.

[0136] The Invention has been described In the foregoing with reference to a preferential
embodiment thereof. However it I1s clear that the invention is susceptible to numerous variants
which fall within the scope of the claims.
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Patentkrav

1. Automatisk og modulopbygget system til handtering af bakker (32), der anvendes til at
indeholde planter eller lignende, der skal dyrkes ved hydroponisk, eller aeroponisk, eller
akvaponisk dyrkning, hvilket system omfatter et forste modul (30) med et firkantet plan og en
vertikal indretning afgraenset af tilsvarende vertikale barere (31), hvor det forste modul (30)
omfatter to sideomrader, der hvert indbefatter et modul af 1 alt vasentligt horisontale og
overlappende, understottende saeder eller foringer (37, 37') til bakker (32), og et centralt omrade,
hvor en vertikal bakkeoverferingsanordning (33) fungerer, glidende langs en vertikal akse (Z)
anbragt pa bevagelsesmidler aktiveret af motoriserede enheder (34), der kan forskyde den
vertikale bakkeoverforingsanordning (33) fra en sanket position til en havet position 1
forbindelse med hver bakke (32) og omvendt, hvor den vertikale bakkeovertgringsanordning
(33) er forsynet med en hvilehylde (33") til en bakke (32) og med et forste middel, der korer
bakken langs en forste horisontal akse (Y) fra og mod et tilsvarende saede, der er tilvejebragt
inde 1 ét af sideomraderne, hvilket system er kendetegnet ved, at det forste modul (30) endvidere
omfatter et andet middel (36), der er anbragt 1 det centrale omrade, hvort den vertikale
bakkeoverforingsanordning (33) fungerer, der tager hand om en bakke (32), nar sidstnavnte
befinder sig pa den vertikale bakkeoverferingsanordnings (33) bakke (33") og forskydning af
bakken (32) langs en anden akse (X), der er horisontal med og vinkelret pa den forste horisontale
akse (Y) til udferelse af den direkte overforsel af bakken (32) mod en anden hylde (33") af en
anden vertikal bakkeoverfgringsanordning (33) af et andet modul (30), der er anbragt langs med

og forbundet med det forste modul.

2. System 1folge krav 1, kendetegnet ved, at det omfatter et modul af yderligere moduler
(30), der er anbragt stedende op til hinanden og indbyrdes forbundet, saledes at mindst to af dem

flugter med hinanden langs den forste (Y) eller den anden (X) horisontale akse.

3. System 1fglge et hvilket som helst af de foregaende krav, kendetegnet ved, at hvert
modul er firkantet, og ved, at hvert af sideomraderne og det centrale omrade har 1 alt vaesentligt

samme plandimensioner.

4. System ifolge et hvilket som helst af de foregaende krav, kendetegnet ved, at det andet
middel (36) omfatter motoriserede ruller eller band, der fungerer pa bakken (32) og ved, at

hylden (33') er forsynet med abninger (35), hvor1 de motoriserede ruller fungerer for at tage hand
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om en bakke (32).

S. System 1fplge et hvilket som helst af de foregaende krav, kendetegnet ved, at det
omfatter en anordning (85), der samvirker mellem sader (37, 37') eller foringer af tilstedende
moduler (30), der er tilpasset til at overfere en bakke (32) fra et sideomrade af et modul (30) til

et sideomrade af et tilstedende modul langs den forste horisontale akse (Y).

6. System 1fglge krav 5, kendetegnet ved, at anordningen (85) omfatter et par af
motoriserede band modsat og parallelt med hinanden, der er anbragt mellem tilsvarende

sideomrader af tilstadende moduler (30).

7. System 1fglge et hvilket som helst af de foregaende krav, kendetegnet ved, at handtering
af bakkernes (32) bevagelse styres af en elektronisk styreenhed, der styrer bevagelsen af den
vertikale bakkeoverferingsanordning (33), der herer til hvert modul (30) af de horisontale

bakkeoverteringsanordninger, der herer til hvert modul og forbinder tilstadende moduler.

8. System 1felge et hvilket som helst af de foregaende krav, kendetegnet ved, at mindst €t
af modulerne (30) omfatter belysnings- og/eller vandingsmidler og/eller elementer, der er egnede

til planternes udvikling.

9. System 1fglge krav 8, kendetegnet ved, at hvert modul (30) kan opdeles 1 forskellige
overlappende omrade, der hvert har forskellige eller ensartede funktioner til udvikling af de

planter, der er indeholdt 1 bakkerne (32).

10. System 1felge krav 9, kendetegnet ved, at bakkerne (32) er placeret inde 1 hvert modul
(30) 1 forskellige omrader med forskellige funktioner, hvorat ét er fri for lys og passende
atskaermet for udsattelse at afgroden for en nattetidssimuleringstilstand, hvoraf et andet omfatter
et belysningsmiddel anvendt til simulering af dagstid og solbestraling for fotosyntese, og hvoraf

et andet omfatter et vandingsmiddel.

11. System 1folge et hvilket som helst af kravene 9 og 10, kendetegnet ved, at hvert modul
(30) er placeret 1 systemet 1 forskellige omrader med forskellige funktioner, hvoraf ét er fr1 for
belysning og passende afskarmet for at udsatte afgraden for en nattetidssimuleringstilstand,

hvoraf et andet omfatter et belysningsmiddel anvendt til simulering af dagstid og solbestraling
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for fotosyntese, og hvoraf et andet omfatter et vandingsmiddel.

12. System ifelge krav 11, kendetegnet ved, at det omfatter €t eller flere omrader anvendt

til saning, der kan vare forskellige baseret pa de forskellige afgradetyper.

13.  System ifolge et hvilket som helst af de foregaende krav, kendetegnet ved, at bakkernes
(32) bevagelse handteres og drives af en elektronisk styreenhed og/eller af et
informationssystem forsynet med lagringsmidler, hvort saningskoordinaterne for det
individuelle planteprodukt og det individuelle planteprodukts fysiske position registreres som

anbragt pa en individuel bakke (32).

14. System 1fplge krav 13, kendetegnet ved, at det omfatter €t eller flere kameraer, der er
allokeret 1 et egnet omrade af ¢t eller flere moduler (30) og tilpasset til at registrere planternes
tilstand 1 bakkerne ved at sende data til et informationssystem, der behandler hver plantes
tilstand, sammenligner den med de forudgaende billeder, med tilstande for planter med

tilsvarende egenskaber og vurderer deres sundhedstilstand for at optimere de individuelle

planteprodukters vakstproces.
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