


Title of the Invention

[bookmark: _heading=h.gjdgxs]Mobile Growing System for Vertical Farming

Technical Field of the Invention

This invention relates to modern agriculture systems, and more particularly growing systems for vertical farming.

Background of the Invention

Globally, modern farming is becoming an increasingly important industry with the responsibility of supplying food to the growing global population despite limited fertile land availability, challenges from climate change and supply chain vulnerabilities. Agricultural technology companies and farms are adopting new technologies to produce more with less land, labour, energy and water; and at the same time grow closer to urban demand centers.
Popular advancements in modern agricultural methods have been the use of soil-less techniques such as hydroponics, aquaponics and aeroponics which uses nutrient water to feed the crops. Unlike soil-based farming, the crops are supported not by soil but by using man-made structures or systems. There are several such agricultural systems which are used in commercial and non-commercial farming applications, and can be installed in a multitude of locations such as outdoor greenhouses, gardens, rooftops, indoor grow rooms, warehouses, offices or homes.
A variety of such systems use single layer of crop cultivation. However, in order to improve area productivity, some of these systems provide for vertical farming with multiple layers of crops above one another. A more common embodiment of vertical farming utilizes multiple layers of horizontal racks stacked on top of each other. However, such systems can be used only with artificial lighting, making the growing process highly energy intensive and unsustainable both environmentally and economically.
There are still other systems which may orient the crops at an angle to the horizontal plane to ensure light reaches to all crops. Such systems suffer from one or more of the following issues such as insufficient lighting for very high structures, lack of mobility, design inflexibility and high fabrication costs. 
It is these issues which have brought about the present innovation.

Summary of the Invention

The present invention provides a mobile growing system for crop cultivation comprising a mobile frame; one or more hollow channels assemblies with one or more holes on one or more sides; one or more crop holders to be attached to each hole of the hollow channel (s); a top irrigation system and a bottom drain system. An embodiment of the present invention provides for a flexible crop holder that can be attached to or detached from the holes in the said hollow channels to hold the crops in a vertical configuration. 
The present invention provides for a sustainable, scalable and versatile embodiment of the mobile rack system requires lesser number of components, is easy to assemble using commonly available components and has a flexible joining mechanism to customize the dimensions of the mobile frame. 
In its preferred embodiment, the flexible crop holder can be easily attached and detached from the two-dimensional surface of the channels providing a cost-effective means to support the crops in a vertical plane. It also helps to redirect the water or nutrient liquid to the next row of crop below it, allows easy disinfection of the detachable holder, and doesn’t cause root entanglement.
The crop holder may find its application beyond vertical farming. It can be used to support or store a variety of products as it is easy to attach or detach to any flat or curved surface, customized design on front and back, and ability to manufacture using different materials. This is further described in detail.

Description of the Drawings

An embodiment of the present invention will now be described by way of example only with reference to the accompanying drawings in which:
Figure 1 is the perspective view of an example mobile growing system
Figure 2 is the perspective view of an example mobile frame
Figure 3 is an enlarged view of an example joining mechanism
Figure 4 is a perspective view of an example channel assembly
Figure 5a is a perspective view of an example crop holder
Figure 5b is a side view of an example crop holder 
Figure 6 is a perspective view of an example top irrigation system
Figure 7 is a perspective view of an example bottom drain system

Description of the Preferred Embodiment
In the following description, the preferred embodiment of the present invention is described. It shall be apparent to those skilled in the art that the present invention can be practiced without such details and as other embodiments. Some of the details are not described at length so as to not obscure the present invention.
Figure 1 is the perspective view of an example mobile growing system 10. As shown in the figure, the mobile growing system 10 comprises of a mobile frame 11; one or more channel assemblies 12; one or more crop holders 50 to be attached to channel assemblies 12; a top irrigation system 13; and a bottom drain system 14.
The mobile frame 11, further depicted in Figure 2, supports the channel assemblies 12, the top irrigation system 13 and the bottom drain system 14. The channel assemblies 12, further depicted in Figure 4, has a hollow interior where the crop root system is suspended in air and may be irrigated. The top irrigation system 13, further depicted in Figure 6, feeds the water or nutrient liquid to the top of the channel assemblies 12. The water or nutrient liquid thereby falls on to the root system of the first crop from the top. The crop holders 50, further depicted in Figures 5a and 5b, can be attached to the channel assemblies 12 and hold the crop in its place. It is also used to redirect the water or nutrient liquid falling on the crop to the next crop placed vertically below it. The bottom drain system 14, further depicted in Figure 7, collects the excess water or nutrient liquid not absorbed by the crops and releases it from the outlet.
In an embodiment, the mobile growing system 10 can be connected to a source of water or nutrient liquid through the inlet 60, depicted in Figure 6, and connected to a sump using outlet 70, depicted in Figure 7. In a preferred embodiment, the water or nutrient liquid released from the outlet 70 may be collected in a sump tank and recycled back through the inlet 60 using an equipment or mechanism such as a pump. The mobile growing system 10 can thus be used as a self-contained system with a small sump tank placed on the bottom of the mobile growing system 10; or used as an array of systems connected to a central irrigation and drainage system not requiring individual sump tanks.
As an illustration, Figure 1 shows fifteen channel assemblies 12 in vertical configuration. However, the description is applicable for any number of channel assemblies in a vertical or horizontal configuration, including configurations where the hollow channels are tilted along the axis of the channels.
Figure 1, as an illustration, shows seven or eight crop holders 50 attached to each channel assembly 12 in an alternating fashion on the front face of the mobile growing system 10. The description will be applicable for any number of such crop holders on at least one surface of the hollow channels.
The mobile growing system 10 and its components can be configured based on several parameters described above. The present invention will be applicable to all such configurations mentioned above, as will be understood by one skilled in the art.
Figure 2 is the perspective view of an example mobile frame 11. An embodiment of the mobile frame comprises of one or more vertical bars 21; one or more cross bars 22; a base 23; one or more top bars 25; one or more base supports 27; one or more top supports 29 one or more drain supports 24; a joining mechanism to join the vertical bar(s) 21, base 23, top bar(s) 25, base support(s) 27, top support(s) 29 and drain support(s) 24; and a moving mechanism attached to the base 28.
The mobile frame 11 may be made of any material including metal, wood or plastic. In a preferred embodiment, the vertical bar (s) 21, cross bar(s) 22, base 23, base support(s) 27, top support(s) 29 and drain support(s) 24 may be made of slotted or grooved components that may be easily assembled using an appropriate mechanism 26 to connect them together. A preferred embodiment of the joining mechanism is illustrated in Figure 3. The mobile frame 11 may be connected to a moving mechanism 28, which is depicted as wheels in Figure 2.
Figure 3 is an enlarged view of an example mechanism to join the vertical bar(s), top bar(s), cross bar(s), base, base support(s) and top support(s). The joining mechanism 26 may comprise of a connecting plate 30, one or more bolts 31 and one or more nuts 32. The same mechanism can be used to assemble the mobile frame 11. The present invention is applicable to any such joining mechanisms in combination with the appropriate mobile frame. The present invention simplifies the number of components required to assemble the mobile rack 11, the simplicity of assembling the mobile rack 11 and renders the ability to customize the dimensions of the rack 11 based on the space available and application of the mobile growing system 10.
Figure 4a is the front view of an example channel assembly 12 which comprises of a hollow channel 41; top end cap 40; bottom end cap 43; one or more holes 42a and a drain fitting 44. The top end cap 40 and the bottom end cap 43 seal the hollow channel 41 from both sides. An example hole 42a is shown in Figure 4a. A crop holder 50 will be attached to each such hole 42a to support the crop that will be grown in the mobile growing system 10. As an example, there are eight holes 42a shown in Figure 4a. However, the present invention would apply on one or more number of holes 42a which may vary based on the size of the hollow channel 41 and the required spacing between two crops. The drain fitting 44 will drain the excess water or nutrient liquid flowing through the inside of the hollow channel 41 and feed it to the bottom drain system 14 described in Figure 7.
The hollow channel can be made of any water-resistant material. In a preferred embodiment, the hollow channel is made of plastic and more specifically PVC. 
Figure 4b is the rear view of an example channel assembly 12 which comprises of a hollow channel 41; top end cap 40; bottom end cap 43; one or more holes 42a and a drain fitting 44. As an example, there are seven holes 42b shown in Figure 4b. However, the present invention would apply on zero or more number of holes which may vary based on the size of the hollow channel 41, the required spacing between two crops and whether the intention is to grow crops on both sides or one side (in case of zero holes on the rear side) of the hollow channel 41. 
Figure 4c is the perspective view of an example channel assembly 12 which comprises of hollow channel 41; top end cap 40; bottom end cap 43; one or more holes 42a; drain fitting 44 and one or more top holes 45. The top hole(s) 45 will be connected to the top irrigation system 13, such that the water or nutrient liquid from the top irrigation system falls on the first crop(s) directly underneath the top hole(s) 45.
Figure 5a is the perspective view of an example crop holder 50. The crop holder comprises of a front support 51, a mid-rib 52, a back support 53, and a root cavity 54. The crop holder is made to fit into any of the holes 42a and 42b of the hollow channel 41 with the help of the mid rib 52. In a preferred embodiment, the crop holder 50 may be squeezed from the left and right sides of the front support 51 such that the back support 53 can be inserted into the holes 42a and 42b. Upon release of pressure from the sides of the front support 51, the mid rib 52 exactly fits in to the walls of the holes 42a and 42b of the hollow channel 41, providing a stable and sealed attachment of the crop holder 50 and the hollow channel 41.
As shown in Figure 5b, once a crop holder 50 is attached to a hollow channel 41, the front support 51 falls on the outside of a hollow channel 41, while the back support 53 falls inside the hollow channel 41. The crop to be grown in the mobile growing system 10 may be placed into the crop holder 50 such that the growing substrate of the crop, can be rested on the front support 51. The shoot of the crop will be outside of the hollow channel 41 and will be exposed to the external light source. The root of the crop will be inside the hollow channel 41 away from external light source and with access to the water or nutrient liquid being fed from the top irrigation system 13. The back support 53 restricts the crop from falling inside the hollow channel 41 and also helps to redirect the water or nutrient liquid to the next crop placed vertically below it. The root cavity 54 allows the crop root to grow through the cavity.
In a preferred embodiment, the crop holder 50 is made of a flexible yet strong material to be able to bend when squeezed and also support the weight of the crop. The dimensions and precise shape of the crop holder 50 may be customized depending on the application of the mobile growing system 10. In a preferred embodiment, the crop holder 50 can be made from plastic using techniques such as injection molding to obtain the desired shape and size of the crop holder. 
Furthermore, as will be evident to those skilled in the art, the present invention employing a crop holder 50 may be applied to several different applications other than vertical farming. As described, the crop holder 50 may be easily attached to or detached from a flat surface with a hole merely by the application of small force on its sides; and may be customized to have different features or functionalities on each side of the flat surface. The crop holder 50 may be manufactured using different flexible materials including but not limited to plastic, sheet metal, rubber, etc. depending on the application. The description presented here is one such embodiment of the crop holder 50 and does not limit the validity or applicability of the present invention.
Figure 6 is a perspective view of an example of the top irrigation system 13 comprising of an inlet 60; one or more connecting pipes 61; one or more fittings 62a, 62b, 62c; one or more top pipes 63; one or more top pipe caps 64; one or more drip fitting 65 inserted into the top pipe(s) 63; and one or more feeding tubes 66. The inlet 60 is connected to the source of water or nutrient liquid. The water or nutrient liquid may be connected to a water or nutrient liquid source withe enough pressure head to adequately supply enough water or nutrient liquid to all the feeding tubes 66 through the connecting pipes(s) 61, one or more fittings 62a, 62b, 62c, and one or more top pipes 63. The feeding tubes 66 is inserted into top holes 45 to supply the channel assembly 12 with water or nutrient liquid. 
In a preferred embodiment, the connecting pipes 61, top pipes 63 and feeding tubes 66 may be made of PVC or PE. The inlet 60, fittings 62a, 62b, 62c, drip fitting 65 and top pipe caps 64 may accordingly be PVC or PE fittings. The drip fitting 65 may be of a variety of kinds including, but not limited to, drip emitters, sprinklers, stakes, pressure compensating emitters.
Figure 7 is a perspective view of an example of the bottom drain system 14 comprising of an outlet 70; a connecting drain 71; one or more drain fittings 72; a drain pipe 73; and a drain pipe cap 74. The excess water or nutrient liquid flowing from the channel assembly 12 flows into the drain pipe 73. The water or nutrient liquid then flows through one or more drain fittings 72 and connecting drain 71 to reach the outlet 70. The drain pipe 73 may be slightly tilted downwards towards the outlet 70 to allow the flow of the water or nutrient liquid by gravity. The drain pipe cap 74 stops the water or nutrient liquid to leak from the other end.
In a preferred embodiment, the drain pipe 73 and the connecting drain 71 may be made of PVC or PE. The outlet 70, drain fittings 72, and drain pipe caps 74 may accordingly be PVC or PE fittings. 
In an embodiment, the water or nutrient liquid flowing from the outlet 70 may be connected to a sump tank (not shown in the figure). The inlet 60 may be connected to the same sump tank using a pump, creating a recirculating system.
In another embodiment, the inlet 60 and outlet 70 of multiple mobile growing system can be connected to a centralized irrigation and drainage system, respectively. 
 The inlet 60 and outlet 70 may be quick connect fitting that can be easily detached from the water or nutrient liquid source to enable easy assembly and mobility of the mobile growing system 10.
Claims
1. A mobile growing system, the system comprising:
a mobile frame;
two or more channel assemblies, wherein said channel assembly comprises:
a hollow channel; and
one or more holes made on one or more surfaces of said hollow channel;
one or more crop holders, wherein said crop holders is made of a flexible material and comprises of one or more mid ribs to attach or detach said crop holder to the walls of said hole in said hollow channel by applying gentle squeezing pressure; and
a top irrigation system to deliver water or nutrient liquid to the top of said channel assembly.
1. The system of claim 1, further comprising a bottom drain system to collect and drain the water or nutrient liquid from said channel assemblies.
1. The system of claim 1 or 2, wherein said mobile frame comprises:
a plurality of slotted or grooved bars made of any rigid material; and
a joining mechanism, comprising of one or more bolts and one or more nuts.
1. The system of any one of the preceding claims, wherein said mobile frame is connected to a moving mechanism to enable said mobile growing system to move on a surface.
1. The system of any one of the preceding claims, wherein said mobile frame is made of metal.
1. The system of any one of the preceding claims, wherein said hollow channel has said holes on two or more vertical planes or surfaces.
1. The system of any one of the preceding claims, wherein said hollow channel further comprises:
a top end cap;
a bottom end cap; and 
a drain fitting. 
1. The system of any one of the preceding claims, wherein said crop holder further comprises of one or more root cavities to redirect water or nutrient liquid to the next crop placed vertically under said crop holder.
1. The system of any one of the preceding claims, wherein said top irrigation system comprises of one or more drip fittings.
1. The system of any one of the preceding claims, further comprising:
a sump tank, wherein said sump tank collects excess water or nutrient liquid from said channel assemblies; and
a pump placed inside or outside said sump tank to deliver water or nutrient liquid flowing to said top irrigation system.
1. The system of any one of the preceding claims, further comprising of an artificial external light source, such as LED lights or fluorescent lights, connected to said mobile frame.
1. A crop holder as described in any of claims 1 or 8.
1. A crop holder comprising:
at least one mid rib, wherein said mid rib attaches to the inside of a hole in a thin wall, creating a separation between two environments on each side of said thin wall;
a front support, wherein said front support holds an object such as a crop on one side of said wall; and
a back support, wherein said back support holds the object on the other side of said wall;
wherein said crop holders is made of flexible material to allow said crop holder to be attached or detached to said hole by the application of gentle squeezing pressure.
1. The crop holder of claim 13, wherein said crop holder further comprises of one or more root cavities to redirect any liquid falling on said crop holder to the next crop holder placed vertically below it.
1. A method of growing crops, the method comprising:
providing a mobile frame;
[bookmark: _Hlk112237569]providing two or more channel assemblies by making one or more holes on one or more surfaces of a hollow channel;
providing one or more crop holders made of flexible material;
inserting said crop holder into each said hole by squeezing said crop holder and attaching it to the walls of said hole;
providing a top irrigation system to deliver water or nutrient liquid to the top of said channel assembly; 
inserting at least one crop into said crop holder such that the root of said crop is inside said hollow channel and the shoot of said crop is outside said hollow channel; 
connecting said top irrigation system to a water or nutrient liquid source;
redirecting water or nutrient liquid falling on said crop holder to the next crop placed vertically under said crop holder; and
providing light source such as natural sunlight or artificial lights to said crops.
1. The method of claim 15, further comprises connecting said mobile frame to a moving mechanism.
1. The method of any of claims 15 or 16, wherein providing two or more channel assemblies comprises making one or more holes on two or more surfaces of a hollow channel.
1. The method of any of claims 15-17, further comprising:
collecting excess water or nutrient liquid from said channel assemblies in a sump tank;
providing a pump placed inside or outside said sump tank to deliver water or nutrient liquid to said top irrigation system; and
connecting said pump to a power source.
1. The method of any of claims 15-18, wherein providing said mobile frame comprises:
providing a plurality of slotted or grooved bars made of any rigid material; and
connecting said bars with a joining mechanism, comprising of one or more bolts and one or more nuts.
1. A method of holding an object across a thin wall separating two environments, comprising:
making a hole through said thin wall;
providing a crop holder made of flexible material, further comprising making a mid rib on said crop holder;
inserting said crop holder into said hole by squeezing said crop holder and attaching said mid ribs to said wall; and
placing an object inside said crop holder such that a portion of said object is exposed to the environment on each side of said wall.
1. The method of claim 20, further comprising:
making additional holes vertically aligned to said hole; 
providing an equal number of said crop holders as said holes;
inserting one of said crop holder into each of said hole;
placing one of said object inside each of said crop holder;
pouring a liquid on the vertically highest crop holder; and
redirecting said falling liquid from a higher crop holder to the next vertically lower crop holder under the force of gravity by making a root cavity in said crop holders.
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