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Abstract: Water feeding to theagricultural field has to be
done regularly withcontinuous monitoring. Days and
Nightscontinuously  monitoring the water feeding
andswitching  ON and OFF the motor becomes
aburdensome task to the farmer. When power cutsare there
this activity becomes a day long activity forthe farmer. The
authors of this paper are coming outwith a system which
monitors the water feedingactivity. The motor can also be
switched on and offusing a mobile by the farmer. Not only
that themotor also can be switched on/off wherever
powergoes and comes. Indian agriculture, even after the
Green Revolution, is not as productive as it could
potentially be. It calls for a second Green Revolution—-one
of “precision agriculture®, where cutting-edge technology is
used to maximize production with minimum input costs and
resources. In this paper we present a multi-purpose
agricultural robot to implement precision irrigation,
fertilizer addition and de-weeding, apart from continuous
monitoring of crop and soil conditions. This will involve
efficient utilization of water resources, intensive plant and
soil monitoring, condition based use of fertilizers and the
ability to work in unstructured environments. Developed
agriculture needs to find new ways to improve efficiency.
Keywords: Agriculture aplication, agricultural robots,
robotic irrigation, robotic de-weeding.

I. INTRODUCTION

In the past few decades, monitoring and controlling the
machines remotely has become an important area of research
in many engineering fields. This paper is mainly focusing on
two points 1) Monitoring and Controlling with the usage of
PIC16F877A microcontrollers and GSM technology in
agricultural fields. Agriculture in India has a significant
history. India is ranking second in farm output. Monitoring
and controlling the agriculture is an important task for the
farmers as they have to regularly feed water days and nights.
It is very important in agricultural fields to monitor and
control The green revolution changed the very technology
that was being applied in the Indian agricultural system. It
showed great results and made India agriculturally self
sufficient. But these technologies have remained untouched
since then and no major improvement has been made to step
up productivity to meet the demands of the burgeoning
population. The new trend for improvement in agricultural
production is that of precision agriculture. Some of the major
problems in Indian agriculture are raising input costs,
availability of skilled labour, dwindling water resources, over
usage of fertilizers and lack of proper crop monitoring.

Overcoming some of these problems requires tedious manual
work which due to unavailability of enough labour cannot be
performed. Hence, one of the solutions could be involving
automation technologies in agriculture. Agricultural
automation could help farmers single headedly maintain their
crops and optimize usage of resources. Here, we present an
agricultural robot, capable of implementing some of the
methods of precision agriculture such as precision irrigation,
soil based application of fertilizers, de-weeding and crop
monitori

Fig 1: AG robots on the farm

Il. PRECISION AGRICULTURE

Precision agriculture involves the adequate and optimum
usage of resources based on various parameters governing
crop yield. The Handbook of Precision Agriculture[1]
defines  Precision agriculture as a holistic and
environmentally friendly strategy in which farmers can vary
input use and cultivation methods — including application of
seeds, fertilizers, pesticides and water, variety selection,
planting, tillage, harvesting — to match varying soil and crop
conditions across a field. It is a management philosophy or
an approach to agriculture where critical factors that affect
yield are identified, and intrinsic spatial variability is
determined. It is essentially more precise farm management
made possible by modern technology. The variations
occurring in crop or soil properties within a field are noted,
mapped and then management actions are taken as a
consequence of continued assessment of the spatial
variability within that field [8-18].
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Fig 2: Autmate hrvester

Most of the methodologies of precision agriculture require
tedious processes that could only be implemented using
machines. De weeding, which wasbeing done manually, is
presently mostly dealt with herbicides, which reduces crop
yield and degrades soil quality. A single solution to
implement precision agriculture, perform tedious agricultural
processes and combat the problems of weeds could enhance
agricultural yield to a large extent. In this paper we present a
single gantry robot capable of carrying out various precision
agriculture related operations. The primary goal of the design
would be to implement precision irrigation and soil
monitoring on each crop entity in the robot“s working
envelope, perform de weeding and self structure a cultivated
field through accurate robotic crop planning. Crop planning
would ensure effective use of the land for maximum vyield
[19-24].

Ill. THE GANTRY ROBOTIC SYSTEM
Most of the methodologies involving precision agriculture
mostly modify the usage of pivot irrigation systems or drip
irrigation systems. Perry and Pocknee [2] in their paper
reported on the development of a precision pivot irrigation
control systems based on GPS data of a field. But these
methods haven“t proved to be very effective. The most ideal
solution to precision agriculture would be to build a robot
that individually waters every crop in the field. Building a
terrestrial robot with this ability would be impossible as it
would have to maneuver itself along with a water hose. The
most effective solution would be to use a gantry robot
system. The gantry [Fig 1] consists of three linear drives to
position the robot at any given co-ordinate in its working
envelope. A typical plot of agricultural land in India is
assumed to be having dimensions of 100x100m. A gantry
robot would be an optimum solution for this dimension
provided it has a good traversal speed. The linear drive has to
be suitable for this speed. The linear drive will also have to
be precise enough as only simple sensors are to be used to
maintain cost effectiveness. There should be no possibility of
slip or backlash in the drive. This robot, along with its fixture
can be easily detached and attached to the frame on some
other field, enabling sharing of a single robot by many
farmers. Gantry robotic systems used in industries are built
robustly and are expensive. Their main advantage is their
capability of having a large working environment. They can
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also be conveniently be used for precision agriculture
purpose as maneuvering would not be affected by the water
pipe lines. But their costs need to be reduced for feasibility in
agriculture. The feasibility can be improved by modifying
thelinear drives for light pay loads and using cheaper
material for the framework. A gantry frame would have to be
set up through the length cultivated field, which would be the
working envelope of the robot. Normally screw drives or
timing belt drives are used in industries for precision linear
drives. But these drives cannot be used for agricultural
purposes as this application demands the linear drive to be
cost effective, extremely fast and applicable for large
lengths. We present a cheaper and faster linear drive which
would be well suited for applications with lighter payloads.

Fig 3: An aerial view of a gantry robot system on a field.
3.1 The Linear Drives

3.1.1 Horizontal movement

The linear drives used for the horizontal displacements (X-
axis and Y-axis displacement) of the gantry robot are
essentially a wheel rolling on a rail. Screw drives or belt
drives are normally used in an industrial gantry robot to
avoid backlash and other positioning related errors. The
positioning errors need to be eliminated in this system too as
the robot knows its position only through the optical
encoders used with the DC motors powering the linear
drives. Any slip between the wheel and the rail could lead to
serious positional errors. To avoid these errors, peanut
shaped projections and engravings are applied on the wheel
and the railing respectively [Fig 4]. These projections are
made small compared to the wheel that they can be assumed
to have a non curved surface. Peanut shaped mating parts are
used to avoid slippage and backlash errors between the
wheel and the railing. The support rollers arrest any vertical
movement of the wheel. The bearing casing holds the shafts
of the wheel and the support rollers. This design is aimed at
reducing the slippage, and not as a power transmission
device.
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Figure 4B: Zoomed version of railing system

Mating of the profiles on the roller and the railing, The
peanut shape used has several advantages.Firstly, they lock
easily and tightly, but only in one fixed position. Hence, the
wheel will have a constant orientation with respect to the
railing. The vertical movement of the wheel is arrested by the
support rollers inside the support rollers slot in the railing.
Therefore, with the peanut shaped mating projections and
engraving any possibility of backlash errors or slippage is
avoided. Their profile being convergent contrasts that of
circular teeth that are divergent. Secondly, as the beam
lengths are going to be very high for this application, stress
concentrations at any point on the beam should be minimal.
The peanut shape induces lower stress concentration than any
other shape due to its close resemblance to elliptical shapes,
which create minimum stress concentration. Hence, due to
these advantages, the peanut shaped mating parts can be used
for the linear drives.

3.1.2 VERTICAL MOVEMENT

The vertical movement of the robot is driven by linear screw
drive [Fig 5]. As the traversal length along the Z-axis would
be small, screw drives can be used cost effectively. The
linear screw drive system is supported on the bearing casing
of the wheel moving on railing 2. The robot is provided with
a fixture to mate with the screw thread. As the screw thread is
rotated by a DC motor with optical encoder, the robot is
forced upward or downward. A screw drive support with
slots is provided for the robot to grip on to avoid rotating
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during the rotation of the screw thread. The clockwise or
anticlockwise rotation of the screw thread determines the
upward or downward movement of the robot.

3.2 The Water Flow

The robot has to be connected to an overhead water supply
applying the water for the crops. A hose from the water tank
is connected to the robot. The hose is supported on the
framework of the gantry itself. This does not hinder the
movement of the robot. The water rate is controlled by a
timer which opens a valve for a definite time depending on
the moisture requirements of the soil at a particular co-
ordinate. Fig. 5 explains the flow and control of the water by
the robot. The robot gets its positional details from the
optical encoders mounted on the motor shafts of the linear
drives. From the co-ordinate detail, the robot finds the
moisture requirement of the soil at that co-ordinate [25-28].

— Screw drive system

Bearing casing roller
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Support rollers
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Fig 5: The vertical screw drive attached to the bearing case
of the wheel moving on railing 2.
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Fig 6: The block diagram of water flow in
the robot svstem.

The water outlet solenoid valve is then opened for an
appropriate time The screw rod is enclosed in a screw drive
support with slot on which the robot system grips to avoid
rotating due to the rotation of the screw thread. The robot
system has a water inlet valve to which the water hose is
connected. It also has an attachment joint for auxiliary
attachments such as the de weeding attachment. The screw
rod is enclosed in a screw drive support with slot on which
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the robot system grips to avoid rotating due to the rotation of
the screw thread. The robot system has a water inlet valve to
which the water hose is connected. It also has an attachment
joint for auxiliary attachments such as the de weeding
attachment

3.3 Motors and controllers

The linear drives have to be powered by DC motors fitted
with optical encoders. Precise control of the motor would be
required for exact positioning of the robot. The data from the
optical encoders is to be stored in a computer to keep a
constant record of the robots position. All precision
agriculture related decisions of the robot depend on this
coordinate data stored on the robots memory. The movement
ofrailing 2 on railing 1 makes use of 2 DC motors, one
mounted on each end of railing 2. The movement of the
screw drive system on railing 2 makes use of one motor,
while the screw drive system makes use of one motor.
Appropriate linear drive controllers need to be used for the
efficient and speedy performance of the linear drives. Also
the oscillation of the suspended robot needs to be taken care
of during the traversal of the robot. Various studies on gantry
robot controllers have been performed by Jones, J.F and
Petterson [3] and Meressi [4]. These robot controllers are
meant for industrial gantry systems and can be modified for
the present system.

3.4 Materials

Choosing the right material for the gantry frame forms an
important task in the design of this robot. The material should
be strong, light weight and inexpensive. It should also be able
to withstand all weather conditions. Based on these
constraints High Density Poly Ethylene would be an ideal
material, although it costs more than steel. If steel is used, the
long bars would sag under their own weight, which is to be
avoided for smooth functioning of the robot.

3.5 Path Planning

The robot should have a path planning program to minimize
traverse movements. This saves energy used by the robot.
The robot, before starting any operation should determine the
most efficient path. For example minimizing movement on
railing 1 reduces more energy as two motors are used for the
robot to move on railing 1. Therefore, such optimizations
should be planned by the robot.

3.6 Power source

The robot will have to be powered by external AC supply
through wiring. The AC power could be generated by diesel
generator sets as power in rural areas in India is not reliable.

IV. APPLICATIONS

One of the challenges of the robot would be its ability to
adapt to unstructured environment. Although machine vision
techniques are widespread these days, it would prove costly
in an agricultural context. Therefore, through concepts such
as crop planning, the robot structures the environment to suit
its needs while maximizing yield.

4.1 Crop Planning

The robot first needs a precise measurement of the soil
conditions of a farm. Soil conductivity sensors mounted on
the robot measure the conductivity if the soil to determine the
moisture content of the soil. As the robot traverses,
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conductivity sensor is inserted at constant intervals. After
traversing the entire field, a map of the soil conductivities is
constructed. Similar tests can be performed to map the
presence of various minerals based on the crops to be
cultivated. From the map, with various constraints such as
presence of moisture, minerals, optimum spacing of crop etc.
put together, an array map of the crops is created. The robot
then traverses the entire field and marks sowing points on the
field. These are points where seeds are to be sowed during
the sowing season. The robot also records the position of the
sowing points for future operational uses.

4.2 Precision irrigation and fertilizer addition

Fig 5 explains the method adopted to apply water to the
crops according to the soil requirement at that position. Thus,
a large volume of water resources would be conserved by
applying the optimum amount of water. Based on the map of
minerals created by the robot, right amount of fertilizers
could be added to the water during precision irrigation of the
crop. Thus, by adding the exact amount of fertilizer required
for the particular soil location, the land is not degraded and
yield is maximised. Thus accurate scientific methods are
being implemented directly.

4.3 Crop and soil monitoring

Various agriculture-related sensors have been developed.
Phytomonitoring sensors are capable of monitoring plant
growth rates. Sensors are also used to monitor insect activity
on crops. The soil data is also to be refreshed frequently as
soil characteristics could change seasonally. These sensors
can be fixed on the robot attachment joint and can be used
throughout the field. The data collected could be used for
immediate action to avert any crop failures.

4.4 De weeding

De weeding is a wide research topic and lots of development
has taken place in this field. Terrestrial robots have been
used to perform de weeding operations. Various machine
vision algorithms have been developed for weed recognition.
Bakker et al [5] and use a machine vision enabled robot to
carry out de weeding on a sugar beet farm. Watchareerueta et
al [7] have developed image processing techniques to detect
weeds in lawns, which could be applied for the above system
with some modifications. Weed destruction can be carried
out by positioning a pulsed high voltage device on the weed
[6]. Electrical discharges burn the weed, thus destroying it.
The electrical discharge device along with a camera mounted
on the attachment joint can be used to de weed the entire
farm.

V. CONCLUSION
A gantry robot that could be manufactured at a low cost
could implement numerous precision agriculture related
processes on a field with very less supervision. This could
help in reducing input costs and increase agricultural outputs
by maximising the crop yield of a given land. Dwindling
water resources are of major concern today. Agriculture
should do its part to conserve water resources. By applying
adequate water to the crops using the system explained
above, water could be conserved to a large extent compared
to the conventional irrigation system. But one major concern
would be the amount of power used by the robot system.
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Non conventional energy systems can be implemented to
solve power problems of the robot system.
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