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Abstract 

This article introduces or designs and practices a Gantry pneumatic robotic manipulator for 

greenhouse automation. The prototype was built on the reduced model for sowing and 

harvesting vegetables using the familiar concept of agriculture. Low-cost robotic handlers can 

contribute to improved working conditions in family farming and enable strategies to 

diversify agricultural activities for low-income families. The system has two degrees of 

freedom, was mounted on a metal workbench using cylinders and specially manufactured 

guided cable actuator. The control system includes nonlinear compensations of the servo 

valves used. Functional tests used step input electrical signals (-4 V to +4 V and -8 V to +8 V) 

using open loop circuit for robot pressure and positioning control. The results obtained are 

important for perfecting the robotic manipulator for family farming applications. 

Keywords: gantry robot, pneumatic drive, automatic control, precision farming 

1. Introduction  

In recent years the development of precision agricultural machines incorporating robotics 

knowledge has experienced an increase in research investment, (Auat and Carelli, 2013). 

The presence of low cost robotic handlers in rural areas can contribute significantly to the 

search for better working conditions in family farming. In this context, the Brazilian and 

world reality are undergoing rapid and successive changes, an intensification of competition 

that indicate new challenges, a concept that emerges in Brazil in the 1990s. 

This process marks the recognition of a social category of rural workers, within the scope of 

public policies, by providing resources for funding and investments, creation of municipal, 

state, national rural development councils, as well as a set of research lines, giving conditions 

for pluriactivity, a new rural reality. This concept allows the occupation of spaces in the 

agricultural as well as in the industrial, commerce and service areas according to (Escher, et 

al., 2014). 

The application of agricultural machinery involving the concept of precision agriculture has 

experienced increased investment and research in recent years due to the use of robotic 

applications in machine design and autonomous machine tasks, operation, guidance and 

control to perform precision agricultural tasks (Cheein & Carelli, 2013). (Eaton et al., 2008) 

argue about the necessary integration of requirements, combining the areas of robotics with 

autonomous agriculture and precision agriculture, which deals with agronomic issues. For 

(Amer et al., 2015), robotics in agriculture is not a new concept, already has a history of 20 

years of research in the development of harvesters for cherry tomatoes, cucumbers, 

mushrooms and others. 

Advances in research relating robotics and precision agriculture can be observed in the work 
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of (Yang et al., 2016) developed based on omnidirectional vision system a human detection 

system integrated with a robot tractor to monitor its surroundings, with purpose provide a 

safer environment. 

In this work, the research and development of a reduced model gantry robot with pneumatic 

actuators for greenhouse application and for the automation of vegetable production enables 

to diversify production, reduce lace instability and seasonality, assist in generational 

succession, encouraging young people to stay in local agricultural production units and 

contributing to new technologies. 

2. Bibliographic Review 

In (Van der Ploeg's et al., 2000) rural development may seek a model for the agricultural 

sector that contemplates the production of public goods, such as the landscape, the 

valorization of scope economies to the detriment of economies of scale, the pluriactivity of 

rural families, the democratization of rural spaces. A combination of agricultural and 

non-agricultural activities carried out by residents in the family farming unit, where 

automated production processes may add to the achievement of better results, especially the 

so-called family farming. 

In the conception of (Amer et al., 2015) robotics in agriculture has been tested in studies to 

develop harvesters for tomatoes, cherries, cucumbers, mushrooms and other fruits, with good 

results. Naik et al. (2016) present a robot for precision agriculture application that allows 

sowing with adequate depth and row spacing with good accuracy compared to manual 

processes. For (Valdiero, 2012), the productive, industrial, agro-forestry and agricultural 

equipment processes present good results. Otherwise, to (Dantan at al., 2013) studies a 

suspended robot for cleaning and sanitizing the inner surface of grain storage silos, designed 

to replace human labor in this risky and dangerous but necessary task. 

Porsch et al. (2016) studied and developed an automatic platform tilt control module to 

maintain agricultural implements on sloping terrain, with real-time information recording, 

with potential applications of precision agriculture-oriented automation technologies, 

contemplating an integrated device methodology in the development of family farming 

machines. 

The design of a pneumatically driven gantry robot for greenhouse vegetable sowing as a low 

cost alternative for increased productivity and ergonomic working conditions in the context 

of precision agriculture was also developed by (Porsch et al., 2017). Otherwise, concerned 

about the demand for more efficient machinery and seeking to reduce operating costs, (Santos 

et al., 2015) evaluated the operational performance of a fertilizer seeder as a function of the 

travel speed and the fertilizer furrower mechanism. 

The works of (Ritter, 2010 and Porsch, 2012), illustrated in (Figure 1) show, in diagrammatic 

form, the nonlinearities included in the mathematical modeling for each gantry robot actuator 

(link) with precision agriculture application proposed in this work. 
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Figure 1. Nonlinearities included in the mathematical model for the Gantry Robot, adapted 

from Ritter (2010) and Porsch (2012) 

From the control signal (u) represented by the first block, there is the second block that 

represents the nonlinearities found in the dead zone according to (Valdiero et al., 2008), 

because the width of the spool is greater than the width of the hole through which air passes 

under pressure in the servo valve. 

The third block represents the pressure dynamics obtained from the continuity equation and 

results in two first-order nonlinear equations and thus the block representing the motion 

equation of the pneumatic actuators and finally the friction dynamics block, which is the 

factor that most affects the equation of motion and is a phenomenon difficult to describe 

analytically according to (Ritter et al., 2010; Porsch et al., 2011; Valdiero, 2012 and Richter et 

al., 2013). 

Figure 2 shows the schematic cross-sectional drawing of the special double acting pneumatic 

cylinder prototype and self-guided cable type modeled and developed in this work. 

 

Figure 2. Schematic of the cross section of a guided cable cylinder 
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To represent the dynamics of chamber pressures, the continuity equation is used, based on the 

principle of energy conservation according to (Perondi, 2002) given by (Equation 1) and 

(Equation 2). 
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Where 1A  and 2A  are the cross-sectional areas of chambers A and B of the cylinder, maq
 

and mbq
 are the mass flow rates in chambers A and B, respectively. The supply air 

temperature is T, and R is the universal constant of gases,   being the relationship between 

specific air heats, 0aV  and 0bV  the dead volumes in chambers A and B. The control voltage 

signal applied to the servo valve is u  for adjusting the position y  and y  speed of the 

pressurized piston ap
 and bp

 in chambers A and B respectively. 

In a pneumatic drive robot the joint torque τ is applied by actuators that have complex 

dynamics. The pneumatic actuator considered in the modeling is mainly composed of a 

5-way spool proportional directional valve and a symmetrical double acting rodless 

pneumatic cylinder, as shown in (Figure 3). 



Journal of Agricultural Studies 

ISSN 2166-0379 

2019, Vol. 7, No. 4 

http://jas.macrothink.org 230 

 

Figure 3. Schematic drawing of the pneumatic actuation system 

The pneumatic system responsible for providing information to the controller and driving the 

cylinders consists of pressure sensors that inform the gauge pressure value in each of the 

cylinder chambers as well as the supply pressure. An air conditioning and treatment unit 

filters and allows the regulation of air pressure. 

In addition to two 3-way 5-position servo valves that direct air flow to the cylinder, a 

proportional servo valve regulates compressed air flow, pressure and direction. The 

displacement of the valve spool is caused by a symmetrical signal voltage applied to the 

solenoid so that by displacing the servo valve spool in one direction, one chamber is 

connected to supply pressure and the other to atmospheric pressure. 

3. Materials and Method  

3.1 Prototype and Test Bench Assembly 

The prototype was developed on a workbench available at UNIJUÍ Campus Panambi's 

Innovation Center for Automatic Machines and Servo Systems (NIMASS) and was 

subdivided into steps described from the needs analysis given by (Valdiero and Rasia, 2016). 

The CAD (solidWorks) design of the pneumatically actuated gantry type cartesian robot 

mounted on the fixed structure of a greenhouse with three degrees of freedom with prismatic 

joints is shown in (Figure 4). 
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(a)             (b) 

 

(c) 

Figure 4. Gantry Robot Design with three degrees of freedom and pneumatic drive: (a) 

highlight to the robot structure; (b) robot mounted on the greenhouse structure indicating its 

main components and (c) iconic model of the greenhouse designed with the robotic 

manipulator inside 

Agricultural greenhouses protect the plant and provide the plants with favorable conditions 

for growth, flowering and fruiting. Sowing and harvesting activities are generally carried out 

manually, which often results in non-ergonomic and stressful work. 

The solutions available in the market meet the requirements of comfort and production, but 

the high cost of an automated greenhouse becomes unfeasible to the family farmer. Given this, 

in order to meet the needs of a potential customer, a prototype was developed that satisfies 

ergonomics, increased production, low cost of acquisition and environmental sustainability. 

Table 1 shows the main components of the Gantry Greenhouse robot with numerical 

indications illustrated in (Figure 1 b). 
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Table 1. Prototype component specifications 

Item shown in (Figure 4b) Component 

(1) Rodless Cylinder (Guided Cable) 

(2) Rodless Cylinder (Guided Cable) 

(3) Single Acting Double Rod Cylinder 

(4) Guides 

(5) Encoder 

The cylinder (1) is responsible for pulling a frame holding the cylinder (2), where this 

structure is guided by pulleys on a solid steel shaft. 

The cylinder (3) is responsible for the sowing and harvesting operation whose final effectors, 

claw, can be adapted to the required tool for the activity to be performed in a particular 

horticulture. 

An Incremental Encoder reads the pulses of a shaft attached to a pulley where a wire rope 

passes indicating the position the robot is in. This wire rope ends up pulling the structure that 

holds the cylinder (2). 

Figure 5 illustrates the development of the first stage of the actuator responsible for the 

robot's first degree of freedom, showing details of the other constituent parts of the guided 

cable actuator. 

 

Figure 5. Components of the robot's first degree of freedom 

For the construction of the cable-guided actuator, an aluminum circular tube with an inner 

diameter of 96 mm, a length of 4700 mm and a wall thickness of 2 mm as shown in (Figure 5). 
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To seal the cylinder ends, nylon caps were machined. These caps have two slots for the 

placement of O-rings to seal. A threaded hole was drilled for the insertion of a pneumatic 

connection for the air passage to the cylinder chambers. In the center of the caps there is a 

5mm hole with an internal slot for placement of an O-ring, through which a wire rope goes 

through, the caps are secured to the cylinder by screws. 

The developed cable-guided cylinder is coupled to the 96 mm piston by means of a wire rope, 

also machined, through a nut attached to the cable, inside a bushing, as shown in (Figure 6). 

  

(a)   

 

(b)  

Figure 6. (a) Detail of coupled pulley cover, (b) Detail of coupled pulley cover and encoder 

coupled to the first degree of freedom system 
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The robot's second degree of freedom is shown in (Figure 7). For the construction of the 

cable-guided actuator, an aluminum circular tube with an inner diameter of 72.9 mm, a length 

of 2600 mm and a wall thickness of 2 mm was used. The other items follow the same 

descriptions of the construction of the first degree of freedom. 

 

Figure 7. Robot High School Components 

The displacements of the robot's prismatic joints are captured by a dSpace model 1104 

electronic signal acquisition and control board mounted on a microcomputer using 

controldesk software. The Gantry robot is intended for use in tray seedling production tasks 

following spatial spacing requirements, ie in each tray cell and at the appropriate depth for 

each crop. 

For the third degree of the robot, a double acting single rod pneumatic cylinder was used, 

item (3) of Table 1, whose actuator has a 400 mm stroke and a 20 mm diameter rod. 

For the implementation of the control system, we used the MatLab/Simulink software whose 

programming was performed through block diagrams shown in (Figure 8). 
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Figure 8. Gantry robot control block diagram 

The control block diagram illustrated in (Figure 8) was developed with the servo valve dead 

zone compensation option according to (Valdiero, 2012). 

5. Results and Discussions  

Figure 9 illustrates the behavior of actuator 1 of the gantry robot experimental prototype for 

applications in agricultural greenhouses for an open loop -4 V and 4 V step input signal. It 

has a graphical representation of the voltage as a function of time, the position as a function 

of time in the pressures in chamber A and B, as well as the supply pressure as a function of 

time and the pneumatic force as a function of time. 

 

Figure 9. Graphics for open loop experimental cylinder 1 with – 4 V and 4 V control signal 

The presented results show that the input signal voltage for actuator 1 was used step signal of 

-4 V and 4 V, respectively. This voltage energized the valve solenoid so that a resulting 

magnetic force was applied to the servo valve spool producing the spool displacement. 

Opening the control holes for chamber A and chamber B of the cylinder produced a pressure 

difference. The pressure difference is called pneumatic force, which moves the actuator 
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piston inside the cylinder. 

(Figure 9) shows the actuator piston movement, the supply pressure used was 7 bar. With the 

plunger set back at the start of stroke, position 2 m, air is directed into chamber B, thereby 

increasing pressure, resulting in the resulting pneumatic force that moves the plunger into the 

cylinder to the stroke end, position -2 m. Similarly, when the 4 V signal is applied, the supply 

pressure is directed to the orifice of chamber A, causing a pressure difference and 

consequently the pneumatic force that moves the piston in the opposite direction from 

position -2 m to position 2 m. 

Figure 10 presents the behavioral graphs of actuator 2 of the gantry robot experimental 

prototype for agricultural greenhouse applications for an open-loop step signal -8 V and 8 V. 

It shows the voltage versus time, position versus time, pressures in chamber A and B, as well 

as supply pressure versus time and pneumatic force versus time. 

 

Figure 10. Graphics for open loop experimental cylinder 1 with – 8 V and 8 V control signal 

The results shown in (Figure 10) show that the input signal voltage for actuator 2 was used -8 

V and 8 V step signal, respectively. Similarly to actuator 1, the supply pressure used was 7 

bar. Thus with input signal at -8 V and piston set back at stroke start, position 1.2 m, air is 

directed to chamber B, thereby increasing pressure, resulting in the resulting pneumatic force 

that moves the piston inside the cylinder to end of stroke, position -1.2 m. Similarly, when the 

8 V signal is applied, the supply pressure is directed to the orifice of chamber A, causing a 

pressure difference and consequently the pneumatic force that moves the piston in the 

opposite direction from position -1.2 m to position 1.2 m. 

The experimental results provide relevant data for position trajectory elaboration for the final 

robot effector applied to agricultural tasks in protected environment. The use of input signals 

with different values assists the dynamic system nonlinearity analysis test that makes position 

control in pneumatic actuators a difficult task, such as mass flow due to pressure difference 

and friction coefficients. 
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6. Conclusions 

The construction of the robotic manipulator prototype with two degrees of freedom used 

concepts of needs analysis, computer aided design projects, preliminary formulation of the 

direct and inverse kinematics equations and computational control system using materials 

available in our laboratory. 

This work provided a series of experimental results such as pressure, pneumatic force and 

position control over time prior to the final construction of a fully autonomous machine for 

precision family farming tasks. 
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