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Abstract—This research looks at the design and construction 
of an Arduino controlled prototype of irrigation system based on 
a mobile platform/vehicle for agricultural sector. The vehicle is 
designed to be controlled through an Infrared (IR) remote 
control with a range of at least 5 meters. The vehicle uses an 
ultrasonic sensor to avoid collisions and obstacles. This system is 
mostly manually controlled and the only automatic feature is the 
spray technique. There is also an option to manually position the 
sprayer using the remote control to spray either water/pesticide.
Two servo motors are used to achieve horizontal and vertical 
positioning of the spraying nozzle. The vehicle also carries a 
storage tank through which water/pesticide can be sprayed using 
DC motor pump controlling via a micro controller. The vehicle 
has four large wheels controlled by 2 DC motors and these allow 
the vehicle mobility over rough terrain.  
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I. INTRODUCTION

As the world’s population grows, food production becomes 
a major problem for world leaders and government 
organizations around the world. With growing food demands 
of the population, there is a need to have a growth in supply if 
the agricultural sector is to keep afloat and the world fed. Such 
growth in supply would require continuous improvements in 
farming technology. The efficiency of current farming 
techniques to introduction of new farming methods and 
practises must be introduced to meet the growing demands and 
present a sense of sustainability. 

Large scale commercial farms usually employ heavy 
machinery to meet their supply quotas but these machines 
carry with them huge maintenance and operational costs along 
with a huge price tag on the machine itself. Requiring fuel to 
run and having obvious negative environment impacts, these 
machines can also be dangerous at times if the user lacks 
specific skills or if proper maintenance is not done. However, 
the benefits outweigh the disadvantages due to mainly the 
increase in volume of production. 

Agricultural machinery involved in large scale commercial 
farms are classified into several categories. These may include
soil cultivation, planting, fertilizing and pest control, 
irrigation, sorters, and several others.  

The basic technology involved with agricultural machines 
has not changed considerably with soil cultivation and 

harvesting done in more or less the same way as it was done in 
the last century. Though modern agricultural equipment such 
as harvesters and soil cultivators do a far better job than their 
predecessors. The changes lie in the operator controls, the 
Human-Machine’s Interface (HMI) and the precision of 
control that the user gets. 

One such category of farming is irrigation which involves 
delivering water to the vegetation, maintaining landscapes and 
revegetating dry lands in periods of drought. Currently, the 
cheapest way to irrigate large farm lands is by laying down 
pipes and pumping water from a nearby source. A sprinkler at 
the end of the waterworks system sprays water onto the farm 
land. However, this may not be a good method for very large 
farms or farms with rough and uneven terrain. For farms with 
rough and uneven terrain, it may be very difficult to set up 
irrigation pipes and if there are great changes in elevation, this 
may require a more powerful pump. Obvious disadvantages 
associated with fuel consumption, maintenance and 
environmental impacts arise with the pump in situations like 
these. To add to the drawbacks, a large farm would make 
irrigation through pipes an expensive and inefficient affair. 

Another category of agricultural machines are involved in 
pest control and fertilizing. Pest infestation is something that 
all farms avoid and sometimes at huge costs. If there is a new 
outbreak, the farmer is required to spray a new chemical to 
keep his farm going. This obviously adds to the workload in 
production. In addition, certain plants may need certain 
fertilizers or chemicals at certain stages of their life for 
optimum quality produce. All these chemicals require a fast 
and efficient method to reach the plants on time and a mobile 
system can only meet this need. 

II. LITERATURE REVIEW

As better and more efficient vehicle guidance systems are 
being developed for off-road vehicles, there has been a sudden 
affluence of large scale commercial farming solutions. New 
technologies for guiding agricultural vehicles are being 
introduced with focus on automatic navigation and ease of use 
by the operator to have maximum output in the farming 
industry.  

According to Z. Jianjun et al. [1], an automatic navigation 
control system for an agricultural vehicle was developed where 
several tractors could be controlled through a WLAN remote 



monitoring system. The monitoring center received 
information on each tractor’s whereabouts through a GIS map. 
Since it is only practical to control several vehicles 
simultaneously on a large scale farm, the research developed a 
WLAN based remote monitoring and automatic navigation 
control to have control over several vehicles at any one time. 

As far as accuracy in path tracking goes, control design of 
mobile robots for path tracking tasks are generally assumed to 
be based on rolling without sliding. However, this is not 
practical for an off-road vehicle – such as a tractor or any other 
farming vehicle as pointed out by the research in [2] as they 
farming vehicles face problems of sliding wheels and actuator 
delays. The research in [2], shows several methods relying on 
predictive observer-based and adaptive control that is able to 
automatically guide a farm tractor while significantly reducing 
accuracy loss for path tracking without an additional sensor. 
The research in [2] has also shown that the delays induced by 
actuators or vehicle inertia can be compensation using 
Functional Predictive Control on the curvature path planning 
and servoing. This has been compared to be as accurate as 
when vehicles move on structured environments. 

Irrigation remains an important part of farming as seasonal 
rainfalls are usually inadequate to meet agricultural needs and 
research is ongoing to develop more efficient ways to manage 
water and reliably carry out irrigation with minimum wastage 
of water. Micro-irrigation technology which is also called the 
drip irrigation is now the most commonly used system by most 
farmers around the world [3]. Drip irrigation is a process 
whereby water is gradually dripped into the soil at very low 
rates from a system of small diameter plastic pipes fitted with 
drippers. This system allows water to be applied close to the 
roots of the plants which helps in improved growth of the plant. 
In this way, excessive wastage of water is avoided which is the 
major issue in surface irrigation systems [3].

For efficient management of water in an automated 
irrigation management system, research in [4] shows that 
deployment of Wireless Sensor Networks in automated 
irrigation systems increase the efficient use of water while 
increasing crop production. The method proposed above 
works by automatic access to in-field moisture conditions and 
control of irrigation systems. However, for farms on rough 
terrain and large commercial farms, irrigation through pipes 
becomes an expensive and inefficient affair.

Automation is required in irrigation systems as skilled 
labour may not always be available to operate and maintain 
such system. Semi - automatic irrigation systems will boost 
productivity levels in the agricultural sector and allow farmers 
to have a control over the irrigation activity of the field. In 
automation, human interaction is eliminated and replaced by a 
programmed computer which reacts to changes in the 
parameters monitored by sensors. Automatic irrigation 
systems provide reliable operation and offer higher 
productivity by using water effectively. Affordable irrigation 
systems should be deigned which are mobile and user friendly 
that requires less human efforts is aim of this research. 
Furthermore this system can be used as a modular basis as 
demonstrated by T. Szecsi et al. [5]. 

III. SYSTEM DESCRIPTION

A typical mechatronics application consists of four 
disciplinary foundations; Mechanical Systems, Electronics 
Systems, Computer Systems and Information Systems.  

Two fundamental divisions existed in the progression 
towards this research, the software implementation and the 
hardware implementation.  

Given below are breakdowns of both hardware and 
software aspects of this research. 

A. Design of a Spraying Mechanism 
Two servo motors were required for vertical and horizontal 

spraying motions. Hence, a mechanism was needed to house 
these servo motors, upon which a design was printed using a 
3D printer. This spraying mechanism also kept intact the tip of 
the spraying nozzle. 

The servo mechanism enabled 180o horizontal and 90o

vertical freedom for the sprayer. The two servo motors are 
controlled by an Arduino Uno R3 microcontroller shown in 
Fig. 1.

       Fig. 1. Spraying Mechanism with Servo motors. 

The servo motors have been initialized into three spraying 
modes, where the inputs are provided through the use of an IR 
remote control. The sprayer is able to reach 156 square meters 
with any of the sprayer modes listed in Table I. Sprayer Mode

TABLE I. SPRAYER MODES

Mode Key Entry Description

Manual
1, 
Directional 
Buttons

Move sprayer manually to aim at 
specific point

Vertical 2, Start Rapid vertical spraying with slow 
horizontal movement

Horizontal 3, Start Rapid horizontal spraying with slow 
vertical spraying

B. Vehicle Control 
The vehicle utilized in this research is an off the shelf 

“Toyabi” mobile chassis. The vehicle comes with a pair of 
motors, one controlling the right side wheels and other the left 
side wheels as shown in Fig. 2. The control of the wheels is 
been designed by the group and is done by the host controller. 



The movement input is defined by the user with the aid of a 
remote control. 

Fig. 2. Vehicle Chassis used in this research. 

C. Water Pump Works 
The control of the pump is done by the microcontroller 

but the command for pump ON/OFF is done by the remote 
control. A 12VDC motor pump has been used here. The 
prototype system carries a 1.5L tank for water/pesticides 
storage. 

D. User Interface Through IR Remote Controller 
An 1838T Infrared Receiver and an IR emitter on a 

Samsung Galaxy S4 smartphone are used to provide inputs to 
the controller to give commands to the vehicle. These 
commands are for vehicle movement, nozzle positioning, 
pump control, and spraying mode selection. The Samsung 
WatchON application was used as a remote control to transmit 
IR Signals.

Fig. 3. User Interface on Smartphone. 

The user interface shown in Fig. 3 consists of a forward 
and backward option on the left for moving the vehicle and 

stopping and mode entering options at the bottom left. To the 
top right, the directional buttons are used to position the servo 
motor mechanism manually and the center button is used to 
turn on the pump to shoot. The numbers on the bottom right 
are used to enter the mode that the user wants. 

E. The Design of Power Circuit 
Initially the system power circuit was design with a H-

bridge circuit but this could not provide the mechanism with 
adequate current once with full load on the wheels. Hence, a
BJT were introduced and used which eventually allowed 
sufficient current into the system to run; shorting the other 
loads. 

IV. FINAL DESIGN

The final design included all of the system description parts 
mentioned in the previous section. The final system is shown 
below in Fig. 4. The final basic logic flow and schematic 
diagram are shown in Fig. 5 and Fig. 6. 

Fig. 4. Final Prototype of the Mobile Irrigation System 

A. System Components 
The IR sensor is strategically placed at the back of the 

vehicle to make it easy for the user to reach the receiver. 
The Battery and tank have been placed near the centre of the 
vehicle to have the centre of gravity in the middle of the 
vehicle to improve stability. The battery and the tank are two 
heaviest weights on the vehicle. 



The servo motor mechanism has been placed at the very 
front of the vehicle at that height so that jets of water can 
reach great distances of more than 5 metres. 

The microcontroller and control circuitry shown in Fig. 6
are protected under the top panel from any water spillage and 
the top panel has a layer of water observing material covering 
it to prevent the electronic components of the system form any 
spillage. The wheels are 20 centimetres in diameter and are 
large enough to maneuverer through rough terrain.  

Fig. 5: Basic Program Flow of the System.

Fig. 6: Schematic Diagram of the System.

Lists of all the components used in this system are given in 
Table II. A second 9V battery is used for the microcontroller 
instead of sourcing 12V directly from the first battery and 
regulating 9V to supply the microcontroller. This was done to 
isolate the 12V circuit from the 5V microcontroller circuit to 
avoid interference and damaging. 



TABLE II. SYSTEM PARTS

Description

Battery 1 12VDC 7AH rechargable battery for motor

Battery 2 9VDC non-rechargable battery for MCU

Pump 12VDC For the sprayer

Microntroller 9VDC Atmega328p based Arduino Uno R3

IR Sensor 1838T Infrared Receiver

Power Transistors TIPL760B NPN Silicon Power Transistor

Servo Motor 5VDC SG90 9g Micro Servo 1.8kgf.cm

Motors 12VDC

B. Troubleshooting Current Problem 
The power transistors which needed at least 200mA Direct 

Current at its base could not be triggered straight from the pins 
of the microcontroller which only allowed 20mA output of DC 
current at each output pin. Hence, a BJT was inserted between 
the microcontroller pin and power transistor to draw current 
from the 5V VCC supply of the microcontroller which 
allowed up to 200mA to be sourced.  A 1K Ohm resistor in 
between pulled the power transistor base to ground when the 
microcontroller pin was not high.  

C. Troubleshooting Back EMF 
Three diodes were inserted along the terminals of the 

motor to prevent the flow of back EMF which could damage 
the microcontroller. Also, the BJT transistors in between 
provided some sort of isolation between the low and high 
power circuits. 

V. DISCUSSION

During the 1st phase of this prototype design, a H-Bridge 
circuit was used to control the motors which were later found 
to not provide sufficient current to the motors at full load. The 
H-Bridge which could only provide 1A per motor was then 
replaced by a new power transistor circuit that could provide 
the required 3A current to each of the motors at full load. 

Upon running the vehicle, it was quite notable that the 
vehicles drive path was more towards the left and did not 
follow a straight line. From the empirical observation, it was 
assumed that the underlying problem causing this could be due 
to the fact that the wheels were out of alignment. Hence, the 
wheels from the left side of the vehicles were dismounted and 
the gears were exposed. The shafts of the wheels were re-
aligned via virtual approach through line of sight and the gears 
were ensured to be fully meshed within. Furthermore a 
mechanical servicing was carried out for the vehicle. There 
had been a significant difference observed on the vehicle 
performance.  Such as the final prototype vehicle runs straight 
in line, smoothly and had perfect wheel rotations. 

The pump was controlled through the remote as well. In 
which the remote gave access to the pump to start spraying 
and when to stop if required to. During the programming and 
interfacing phase, the pump was found to be unstable because 
it kept triggering when the wheels were triggered. Necessary 
changes to the hardware were done to get rid of the electrical 
interference and noise and this made the system stable. 

Another major problem was the stability of the relatively 
high current power transistor. These power transistors 
interfered with the lower power circuits and this caused 
instability in the system. There existed Ground Loops that 
caused unwanted current and therefore instability. A single 
ground point was chosen, paths shortened and the circuit was 
re-done to avoid the instability. Techniques such as grounding 
the entire chassis and wrapping ground wires around each 
transistor similar to the Faraday Cage concept were used to get 
rid of the noise and cancel out the electric fields. It was then 
decided that the power transistors were too close and needed 
to be separated to avoid further interfering with each other and 
triggering each other by their magnetic fields. The circuit was 
reconstructed with each power transistor on a separate circuit 
board and as far as possible from each other and the relatively 
low voltage microcontroller. 

Proper protection components such as free-wheeling 
diodes, diodes and resistors were put in place to avoid any 
damage to the lower voltage circuitry.  

VI. ANALYSIS

A. Spraying Distance Range

The maximum horizontal distance reached by the vehicle is 
Dx=10 metres. Fig. 7 shows a sample calculation of the 
vehicle spraying distance. The maximum vertical angle of 45 
degrees as shown by the calculations in Fig. 7 gives an initial 
velocity Vi of: 

= 10m/s 

Fig. 7: Projectile Motion illustration of the Spray System. 



B. Spraying Area 
With a horizontal reach of 180 degrees, a vertical elevation of 
±45 degrees, a minimum horizontal reach of 0.5m and a 
maximum reach of 10 metres the following area is accessible 
by the sprayer. Fig. 8 shows the maximum area reached by the 
sprayer on a flat surface. 

Fig. 8: Spraying Area covered by the Irrigation system designed. 

VII. CONCLUSION

A working prototype of a user controlled water/pesticide 
spraying vehicle was designed and tested successfully. This 
vehicle has been controlled through an Arduino Uno and 
powered through a 12V battery. The main challenge was 
overcoming the electrical interference/noise of the higher 
voltage circuitry into the lower voltage circuitry.  

This prototype has shown the proof of concept of having a 
mobile robot that is able to spray pesticide or water for 
agricultural purposes. A remote controlled vehicle has been 
shown to receive command signals from the user and carry out 
necessary spraying or automatically engage in one of two (02) 
automatic spraying modes. 
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