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Abstract: In this paper is presented an automatic system for hydroponics fodder production. The 

proposed system was developed for small and medium agriculture explorations enabling fodder 

production in six days. Within the six days production timeline, the system in completely autonomous, 

i.e., controls the desired agronomic conditions for production. Moreover, the system controls the fodder 

flow, i.e., since its entrance (seeds) to the final production stage, trough vertical and horizontal 

displacement of the fodder trays. The system was designed to produce the fodder in height, to diminish 

the occupied area in the greenhouse, due to the space the later solution occupies, and also to diminish the 

volume of air to acclimate, if needed. From the requirements above, is present in the paper the automatic 

solution that comprises: the mechanical structure, the mechanical and hydraulic components, and also the 

control system to automate the Hydroponic Automatic System (HydroAS). This system was simulated in 

Matlab SimMechanics, showing its proper operation for the mechanical and electrical parts. Moreover, 

the six days development phase of the fodder was tested, and validated, which benefits the agricultural 

holding, in terms of availability of fresh food during the hot summer, and also decreased the exploration 

costs. 
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1.  Introduction 

 

The production of agricultural and livestock sector is 

very seasonal and the climate is the main cause. In order 

to make the production as continuous as possible the 

application of new production techniques is required. 

Thus, a hydroponics [1] system for fodder production 

allows that there is a food supplement for animals on a 

farm, continuously and at any time of the year. 

Several systems exist to produce fodder using 

hydroponic technique, and are currently applied in 

horticulture [2] and fodder production [3]. Recent works 

report the use of hydroponics in urban areas [4], e.g., in 

urban vacant areas, industrial rooftops, and residential 

yards, revealing its potential use. In recent years 

hydroponic systems started to be automated. Nowadays 

commercial solutions do exist, even open source 

solutions such as the Hydroponic Automation Platform 

(HAPI) [5]. However, to the best of our knowledge, 

small and medium size hydroponic automated systems 

for fodder production, that can operate in small areas 

and have a six days timeline for production, does not 

exist. 

The Hydroponic Automatic System, HydroAS, 

proposed in this paper was developed to produce fodder 

in six days time period. The seeds enter the system and 

after six days fodder is produced. The fodder is 

produced in trays that are placed in a six storeys 

mechanical structure, to ensure different conditions for 

fodder development at each day. Moreover, this vertical 

solution ensures a lower area to place the HydroAS in a 

greenhouse. In each storey are placed fodder trays that 

will be moved from the lower storey to the upper storey. 

In the lower storey are placed the seeds that will grow 

while the trays are elevated at the end of each day, to 

the next storey. At the end of the sixth day, the fodder is 

then placed in the conveyor to feed the animals in the 

agricultural holding. After unloading the tray, it is 

pushed to the first level for washing, and the next six 

days cycle then starts, to produce new trays full of 

fodder. 

The paper presents Hydroponics in section 2, 

followed by the presentation of proposed automated 

system, with all its components. Section four presents 

the simulation model developed for Matlab 

SimMechanics. At section 5 are presented and discussed 
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the results obtained. The paper ends in section 6 

drawing some conclusions. 

 

2. Hydroponics 

 

 The word hydroponics comes from the Greek: 

hydro=water and ponos=work. Although a relatively old 

technique, only the term hydroponics was first used in 

1935 by Dr. W.F. Gericke the University of California 

[1]. Hydroponics is the technique of growing plants 

without soil, where the roots receive balanced nutrient 

solution containing water and all the essential nutrients 

to plant development. In hydroponics, roots can be 

suspended in a liquid medium (NFT, depicted in figure 

1) or supported on an inert substrate (e.g. washed sand).  

 

 
Figure 1: NFT hydroponic system. 

 

 This technique can be applied to both the 

domestic level (small vessels) as well as the commercial 

level (large plantations). In areas of intensive agriculture 

soil, after a few years, they are "tired" and difficult to 

control fertilization, pests and diseases. One solution to 

avoid these problems is the production without soil, fed 

with balanced nutrient solution. In Europe, hydroponics 

is widely used in countries like the Netherlands, 

Denmark, France and Spain, amongst others. Moreover, 

the soilless cultures adapt to a wide range of crops, 

horticultural and floricultural.  Also, hydroponics, solve 

some problems that occur in chemically unbalanced 

soil, or due to the existence of nematodes, soil fungi, 

among others, especially in contaminated soils due to 

intense cultural activity. 

 The NFT hydroponic system is a water 

cultivation technique in which plants grow with its root 

system within a channel, through which flows a nutrient 

solution composed of water and nutrients. 

This hydroponics was originated in England in 1965, 

and named Nutrient Film Technique (NFT), suggests 

that the thickness of the flow of the nutrient solution 

passing through the roots of plants must be thick enough 

to provide the plant everything it needs, while the flow 

should not be too high to about to leave the submerged 

roots and thus causing lack of root oxygenation. Several 

works have been developed to optimize the nutrient 

solution [6]. 

 The hydroponics type Floating (pool) is also 

known as DFT (Deep film technique). This system has 

its name from the non-use of cultivation channels. There 

is only one table where farming remains in a sheet of 

nutrient solution. This explains the use of the pool name 

because unlike other hydroponic systems there is a thick 

layer of nutrient solution. In that pool are placed the 

Styrofoam trays, leaving a blade of running nutrient 

solution (approximately 4 to 5 cm) sufficient for the 

development of the root system, while maintaining the 

wet substrate and permitting the absorption of nutrients. 

 In aeroponic systems are not used any substrate. 

This hydroponic technique emerged by the need to 

optimize space, has greater productivity and efficiency 

than classical hydroponics. It is a very similar to NFT 

link system, differing primarily in the spatial 

arrangement of cultivation channels. The cultivation 

space is optimized for the aeroponic plants are grown 

suspended in air, having as support PVC pipes which 

can be arranged horizontally or vertically, enabling a 

better exploitation of areas and installing a larger 

number of plants per square meter surface of the oven, 

obtaining thus a direct increase of productivity. 

 In the current work, the hydroponic system 

adopted was a variation of DFT, developed in this work 

vertically, which results were validated in the results 

section. 

 

3. Proposed Automatic System 

 

In figure 2 is presented the fodder production 

system (HydroAS). The system consists of four parts:  

         - a mechanical structure of six storeys; 

- the electric components; 

- the hydraulic components; 

- the control system; 

that will be depicted in the next subsections.  

 

  

Figure 2: HydroAS: the fodder production system. 

 

Mechanical Structure 

 The mechanical structure consists of the 

following parts: 

- a mechanical structure of six storeys; 

- a conveyor to exit the produced fodder off the 

system; 
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- two elevators, at each top of the six storey 

structure; 

- a fodder sowing system, to place the seeds in the 

trays; 

- two pushers at each of the elevator, to push the 

trays in the structure; 

- an unloading system to extract the finished fodder 

in the trays. 

 

The base of the system is a concrete basement with 

a drain into the sewer, as depicted in figure 3. 

 

 
Figure 3: Concrete base. 

 

 The principal component of the mechanical 

structure are the six storeys, build with iron bars, which 

are fixed to the concrete basement, as depicted in figure 

4. In each storey are placed the trays, as depicted in 

figure 5. During the fodder production, the storey 

system is full with trays that are moving from the lower 

lever to the top level, from day one to day six. 
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Figura 25 - Assemblagem da Estrutura 

	

Na	figura	26	é	representada	a	montagem	dos	componentes	descritos	acima.	
	

 

Figura 26 - Tabuleiro [A5] 

Na	figura	27	é	represento	um	tabuleiro.	O	tabuleiro	é	construído	em	PE	ou	PVC	

derivado	à	constante	permanência	com	águas	do	sistema.	

	

	

 

Figura 27 - Assemblagem dos Tabuleiros 

	

Na	figura	28	é	representado	a	estrutura	com	a	assemblagem	dos	tabuleiros.	

	

	

 
Figure 4: Six storey structure. 

 

 
Figure 5: Six storey structure, with the trays. 

 

 Two elevators perform the vertical movement of 

the trays, synchronously, as will be presented in section 

4, devoted to the control system. Elevator 1 is on the left 

side of the structure (near the conveyor), depicted in 

figure 2, while the elevator 2 is on the right side of the 

structure (near the large water deposit). 

 

 In figure 6 is presented the elevator structure that 

is similar for both, i.e., elevator 1 and elevator 2. Is 

depicted a motor that actuates a shaft responsible for 

driving the two belts, for the vertical movement of the 

middle platform, the pusher. The pusher platform has a 

linear actuator responsible for pushing the tray inside 

the storey. On the other side of the storey, a tray exists 

and is “catched” by the pusher platform in other 

elevator. This movement is repeated in other storey at 

given times, defined by the control algorithm. This 

combination allows the vertical and horizontal 

movement of the trays in the developed HydroAS. 

 

 
Figure 6: Elevator. 

 

 

 In figure 6 is presented the elevator 2, which can 

have attached the sowing structure. This structure, 

depicted in figure 7, have a rotoid and a linear actuator, 

responsible for the movement of the seed feeder along 

the tray and the feeding arm in the upper part of the 

structure.  

 

 
Figure 7: Sowing structure.  

 In figure 8 is presented the unloading structure, 

attached to the pushing platform of elevator 1. This 

structure, depicted in figure 8, have a rotoid actuator, 
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responsible to apply a rotational movement to unload 

the tray of finished fodder from the structure to the 

conveyor.  

The conveyor is depicted in figure 9, and is actuated by 

a rotoid actuator. Finally, in figure 10 are presented the 

pumps and nutrient reservoirs needed for fertilization of 

the water that will move in the HydroAS. 

 

 
Figure 8: Unloading structure.  

 

 
Figure 9: Conveyor  
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Figura 119 - Montagem dos depósitos e bombas doseadoras 

	
	

 

Figura 120 - Suporte para sensores 

	
O	sistema	é	equipado	com	sensores	de	PH	e	condutividade	para	realizar	uma	

inspecção	online	da	qualidade	da	água.	Na	fixação	deste	instrumento	é	utilizado	o	

suporte	ilustrado	na	figura	121.	

 
Figure 10: Conveyor  

 

Electrical Components 

 

An important part of the automatic system is its 

electrical components. This sub-section presents the 

power, sensor and actuators circuits.  

Figure 11, presents the power circuit, where are 

depicted the protections and also transformers to obtain 

24 [Vdc] to supply the PLC, sensors, and the command 

circuit. 

The sensors presented in this installation are 

mainly digital, inductive and magnetic, that indicate 

start/end limits for the actuators movement. As another 

example, level sensors where applied in the nutrients 

and water reservoirs.  

Figure 12, depicts an example of the sensor circuit, 

with the connections to the S7-300 PLC used in the 

HydroAS. 
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Figure 11: Power circuit  
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Figure 12: Sensor circuit, for the unloading part. 

 

     The actuators used in this project were: 

 Two 11.1[KW] motors for the vertical movement 

of the elevators; 

 Two pneumatic cylinder for the pusher; 

 Two worm motors for the sowing platform; 

 Twho gearmotors for the rotational joint of the 

sowing and unloading plafforms; 

     In figure 13 is depicted the electric actuator circuit 

for the motor of elevator 1, where are present the 

protection components, contactors, and light signalling 

components for operation monitoring. 
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Figure 13: Actuator circuit, for the elevator one. 

 

Hydraulic Components 

 The hydraulic system is a very important 

component in a Hydroponic system, because all the 

fodder growth is based on the nutrients and the flow of 

water in the system. A such we chose to put two 

irrigation pumps to generate redundancy.  

This redundancy is important for a hydroponics 

system because when it is impossible to irrigate the 

system, it can cause a decrease of production or even 

death of all plants that are growing. 

 In figure 14 is depicted the hydraulic circuit, that 

comprises the valves, nutrients and water reservoirs, the 

six storeys pipeline with the irrigation micro-jets, and 

also the 2[m
3
] water return reservoir with the two 

redundant pumps. 
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Figure 14: The hydraulic command circuit. 

 

In figure 15, left part, is depicted the water with 

nutrients spray distribution for each one of the six 

storeys. The chosen micro spary jets operate at 1 [bar] 

and have the capacity of 1[liter/hour], with 0.8 [m] max 

spray diameter area.  

The right part of figure 16 presents the pipeline 

structure of all six storeys. To not to sub-dimension 

watering pumps it was decided to perform system 

irrigation three times. Thus, irrigation is carried out on 

two storeys at a time. 

 

  
Figure 15: The hydraulic circuit. Left: the water with nutrients spray distribution in each storey.  

Right: the pipe circuit for the six storeys. 
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Control System 

  

The control system is based in a PLC from Siemens, 

the S7-300, which power circuit is depicted in figure 16. 

The system controls the actuators of the mechanical 

structure.  

The nutrient solution control is also performed in the 

PLC, to control the pH and electric conductivity, while 

mixing the nutrients.  
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Figure 16: The PLC used in HydroAS, with the respective power circuit. 

 

 In figure 17 is presented the control sequence of 

the trays in the HydroAS. This sequence definition is a 

high level control task, while the low level control 

(actuator control) is performed in inner loops and are 

programmed directly on the motor drives. In this section 

is only presented the pre-defined sequence, while in 

section 5 are presented the time sequence of each 

actuator of the system. 

 The system starts when the first storey is filled 

with trays. When the seeds are placed in the tray, in the 

first storey near elevator 1, the next step is to elevate the 

tray and push it to the structure in the second storey.  

  

On the other side of the structure, elevator 2, receives a 

tray that was pushed as consequence of the previous 

movement. This tray is then elevated to the next storey. 

This process is repeated until the tray reaches the end, 

i.e., on storey six.  

When this happens, the elevator number two 

descends to the first storey and unloads the produced 

fodder to the conveyor. After unloading the this tray, it 

is pushed to the first level for washing, and the next six 

days cycle then starts, to produce new trays full of 

fodder. 

 

 

  
Figure 17: Control sequence of the production cycle. Left: elevator 2. Right: elevator 1. 
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4.  Simulation in Matlab SimMechanics 

 

 In figure 18 is presented the SimMechanics 

model screenshot, related to the elevator number 1, 

which have three actuators, i.e., one rotoid joint and two 

prismatic joints. The inputs of the depicted block 

diagram are the positions, velocities and accelerations of 

each joint movement.  

For the MatLab simulation was used directly the 

defined positions, and the velocities and accelerations 

were obtained by numerical differentiation.  

The output of the model was the visualization of the 

all system under trajectory control of its rotoid and 

prismatic joints. 

 
Figure 18: SimMechanics model for the elevator 1 

 

5. Results and Discussion 

 

 In this section are presented the experiments 

performed to validate the system, and also the results 

obtained. 

 Tables 1 to 5, present the position time 

sequences of the actuators control sequences, that 

implement the full six days of fodder production. In the 

experiment presented the six days time period were 

shortened to 125 seconds. 

 In table 5 are depicted the positions of the pusher 

attached to elevators 1 and 2. It is clear that both 

pushers alternate, and successfully implement the 

control sequence presented in section 4. The 

displacement of each pusher is 40 [cm], i.e., the size of 

each tray in the movement direction, inside the storey. 

 Tables 2 and 3 present the sowing actuators 

movement, to place the seeds in the tray. Here is 

depicted that each tray is 2 metres long and that the 

feeding arm is placed inline (by a 90 degrees 

movement) with the sowing direction. 

 The elevator 1 revolute joint controls the 

unloading sequence, and also pushes back the trays to 

the storey. As depicted in table 1, the unloading 

movement starts at 120 seconds, with a linear trajectory, 

ending at time 125 seconds. 

 

Table 1. Elevator 1: unloading time sequence 

Time [s] 0 115 120 125 

Position [º] 0 0 -120 0 

 

Table 2. Sowing: prismatic joint sequence 

Time [s] 0 9 11 13 

Position [m] 0 0 2 0 

 

Table 3. Sowing: rotoid joint sequence 

Time [s] 0 5 7 13 15 

Position [º] 0 0 -90 -90 0 

 

Table 4. Elevator 1 and 2: prismatic joints sequences 

Time [s] Position [m] 

0 0 

15 0 

25 -0.5 

30 -0.5 

40 -1 

45 -1 

55 -1.5 

60 -1.5 

70 -2 

75 -2 

85 -2.5 

90 -2.5 

110 0 

 

Table 5. Pusher: elevator 1 and 2 sequences 

Elevator 1, pusher Elevator 2, pusher 

Time [s] Position [m] Time [s] Position [m] 

0 0 0 0 

2 -0.4 25 0 

4 0 27 -0.4 
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40 0 29 0 

42 -0.4 55 0 

44 0 57 -0.4 

70 0 59 0 

72 -0.4 85 0 

74 0 87 -0.4 

125 0 89 0 

- - 125 0 

 

 Figures 19 to 21 validate the six days time 

interval for the fodder production. Since day one to day 

six, the fodder grows enough to be given to the 

livestock. Figure 20 depicts day four, where the fodder 

started to grow rapidly from this day on. Before that the 

“green” did not started to grow. 

 
Figure 19: Fodder seeds at day one 

 

 
Figure 20: Fodder at day four 

 

 
Figure 20: Fodder production at the end of day six 

 

6. Conclusions 

 In this paper was presented an automatic system for 

hydroponics fodder production. The six storey system 

produce 15 trays of fodder for day. The production is 

constant over the 365 days of the year, at a monitored 

high quality level. The proposed system was developed 

for small and medium agriculture explorations enabling 

fodder production in six days, and the results achieved 

validate this statement.  

Moreover, the system was designed to produce the 

fodder in height, to diminish the occupied area in the 

greenhouse, due to the space the later solution occupies, 

and also to diminish the volume of air to acclimate, if 

needed. 

 The economic impact of the system was tested on a 

holding of sheep for milk. With the increase of available 

fodder throughout the year, the operating profit 

increased 20,000 euros. The return investment, 

including the maintenance and production costs, would 

be five years. It stands out that, with this system the 

operating profit of sheep increases, because it is 

possible to increase the yield of sheep when they have 

fresh fodder to eat every day. 

 

 A major benefit of the system is that is modular, and 

can adapt to the required amount of fodder to produce. 

Although it was designed for a small/medium 

dimension agricultural holding, near Castelo Branco, the 

system can be replicated to other companies. 
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