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Abstract—This paper presents the design and development of a solar-powered autonomous multipurpose agricultural robot equipped
with Bluetooth connectivity and controlled via an Android application. As agriculture increasingly embraces automation to enhance
productivity and efficiency, the proposed robot offers a sustainable solution by harnessing solar energy to operate in the field. The
system integrates various functionalities, including planting, watering, and monitoring soil conditions, making it versatile for different
agricultural tasks. The Bluetooth-enabled control allows users to operate the robot remotely using a user-friendly Android app,
facilitating easy access to real-time data and task management. The autonomous navigation system incorporates sensors to detect
obstacles and optimize path planning, ensuring efficient operation in diverse agricultural environments. Through comprehensive
testing, the robot demonstrated its ability to perform essential agricultural tasks while significantly reducing labor costs and enhancing
crop management. This research highlights the potential of combining renewable energy, robotics, and mobile technology to transform
modern agriculture, paving the way for more efficient and sustainable farming practices. The findings emphasize the importance of
innovative agricultural solutions in addressing the challenges of food production and resource management in the face of a growing
global population
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I. INTRODUCTION

The agricultural sector is undergoing a significant transformation driven by the need for increased productivity and sustainability to
meet the demands of a growing global population. Traditional farming methods often face challenges such as labor shortages,
inefficient resource management, and the impacts of climate change. To address these issues, the integration of advanced technologies
into agriculture has become essential. One promising approach is the development of autonomous agricultural robots that leverage
renewable energy sources, particularly solar power, to enhance operational efficiency while minimizing environmental impact.

Solar-powered autonomous agricultural robots represent a revolutionary shift in how farming tasks are approached. By harnessing
solar energy, these robots can operate independently in the field without relying on fossil fuels, thereby reducing operational costs and
promoting sustainability. The ability to perform multiple tasks—such as planting, irrigation, and crop monitoring—within a single
platform makes these robots versatile tools for modern farmers. This multipurpose capability allows for better resource allocation and
streamlined agricultural practices.

Furthermore, the advancement of mobile technology plays a crucial role in the functionality of these robots. By utilizing Bluetooth
connectivity and mobile applications, farmers can remotely control and monitor the robots in real time. This not only enhances the
user experience but also allows for immediate adjustments based on changing environmental conditions or operational needs. The
integration of sensors into the robotic systems provides valuable data on soil conditions, weather patterns, and crop health, enabling
data-driven decision-making that can lead to improved yields and resource conservation.

Despite the numerous advantages, challenges such as cost, scalability, and the complexity of integrating various technologies remain.
Addressing these issues is vital for the widespread adoption of solar-powered agricultural robots in diverse farming environments.
This study aims to explore the design and development of a solar-powered autonomous multipurpose agricultural robot controlled via
an Android application. By investigating the operational principles, functionalities, and challenges associated with such systems, this
research contributes to the ongoing dialogue on the future of agriculture and the role of technology in achieving sustainable farming
practices. Ultimately, the findings will underscore the potential of innovative agricultural solutions to enhance productivity and
address the pressing challenges faced by the agricultural industry today.

II. RELATED WORKS

The literature on solar-powered autonomous agricultural robots highlights a significant advancement in agricultural technology,
emphasizing the role of automation in enhancing productivity and sustainability in farming practices. Recent studies indicate a
growing trend towards integrating renewable energy sources, particularly solar power, with robotic systems to address labor shortages
and improve operational efficiency.

Research by Kamble et al. (2020) explores the design of autonomous agricultural robots powered by renewable energy. The study
emphasizes the importance of solar energy as a sustainable power source, allowing robots to operate independently in the field without
relying on conventional energy sources. This approach not only reduces operational costs but also minimizes the environmental
impact associated with fossil fuel consumption.

In a study conducted by Singh and Gupta (2021), the authors discuss various functionalities that agricultural robots can perform, such
as planting, irrigation, and pest control. Their findings indicate that multipurpose robots enhance flexibility in agricultural operations,
allowing farmers to adapt to various tasks throughout the growing season. The integration of sensors and advanced navigation systems
enables these robots to navigate complex terrains and execute tasks with precision.

Furthermore, the role of mobile technology in controlling agricultural robots has been extensively investigated. Research by Zhang et
al. (2022) highlights the effectiveness of Bluetooth connectivity and mobile applications in providing farmers with real-time control
over their robotic systems. The ability to monitor operations and make adjustments remotely through a user-friendly interface
significantly enhances the usability and practicality of agricultural robots.

In addition to functional capabilities, several studies have addressed the challenges associated with the implementation of solar-
powered agricultural robots. For instance, Kumar et al. (2021) explore issues related to energy efficiency, such as optimizing solar
panel placement and energy storage solutions. Their research underscores the importance of balancing energy consumption with
operational demands to maximize the effectiveness of solar-powered systems.

Moreover, advancements in sensor technology have been pivotal in enhancing the capabilities of agricultural robots. Studies by Patil
and Bhosale (2020) reveal that integrating various sensors, including soil moisture, temperature, and humidity sensors, enables robots

to make data-driven decisions in real-time. This integration facilitates precise irrigation and monitoring, contributing to resource
conservation and improved crop yields.
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Despite the promising advancements, challenges remain in the widespread adoption of solar-powered autonomous agricultural robots.
Issues related to cost, scalability, and maintenance require further research and innovation to ensure these systems can be effectively
implemented across diverse agricultural settings.

In summary, the literature indicates a clear shift towards the adoption of solar-powered autonomous agricultural robots as a means to
enhance efficiency and sustainability in farming. The integration of renewable energy, advanced sensors, and mobile technology
presents significant opportunities for transforming agricultural practices. This study aims to build upon these findings, contributing to
the ongoing development of intelligent agricultural robots that can optimize farming operations and promote sustainable practices in
agriculture.

III. PROPOSED DESIGN OF MULTIPURPOSE AGRICULTRALROBOT
Multipurpose agricultural robotisshowninFig.1.
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Fig.1. Block diagram of the Automated Seed Sowing, GrassCutting and Pesticide Sprayer Robot Using Bluetooth/AndroidApp.

The block diagram consists of arduino microcontroller whichis controller for the whole system as shown in Fig.1 and solarpanel is
connected to  the  battery for  storing energy and  further it s given to power supply
chargingcircuitrywhichisproviding+5Vforarduinoboardand+12VsupplyfordrivingDCmotorsusingL.298 motordrivermodule.Bluetooth
HCO0S5 is connected with arduino and wirelessly withAndroidsmartphonetocontrollingthewholesystem.

A. Arduino Microcontroller(ATmega328)

Arduino Atmega328 microcontrollerasshowninFig.2 isused to command the various components. The arduino at
mega328microcontrolleranditsarchitectureisshownin Fig. 2. The Atmega328 microcontroller has 28 pins. It has 131/O digital pins, of
which 5 can be used as PWM outputs and Sas analoginputpins.
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Fig.2. Architectureof ArduinoAtmega328microcontroller.

B.Solar Panel

The solar cells that are seen on satellites and calculators arealso called photo voltaic(PV) cells as shown in Fig.3, which
asthenameimplies(photomeaning\light"andvoltaicmeaning

\electricity"),convertsolarenergydirectlyintoelectricalenergy.A module is agroup of cellswhich is electricallyconnected and packed into
aframe (mostcommonly referredassolarpanel).Solarpanelsareagreatway tocutyourelectricity that everyone wants to live on their own
or at leastreduce ourhome’s carbonfootprint, and solarpanels makethis dream possible. Solar panels are made of photovoltaic
a(PV)cell,whichconvertssunlightintoelectricity.
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Fig.3.Solar panel.
C. BluetoothModuleHC-05
HCO05 module is pretty easy to use and bluetooth Serial PortProtocol (SPP) module is fabricated for transparent wirelessserial
connection setup. The HC-05 bluetooth module can
beusedtocommunicatebetweentwomicrocontrollerslikearduinoorcommunicatewithanydevicewithBluetoothfunctionality like a Phone
or Laptop and is shown in the Fig.4.To control the entire system, Bluetooth HCOS is connected toarduino and to android smartphone
wirelessly. pairing the HC-05 module with microcontrollers is very easy because it worksusingtheSPP[5-8].
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Fié.4. InterfacingrelayWi-thArduino.

D. Motor DriverlCL293D

The motor driver is a module for motors that allows to controltheworkingspeedanddirectionoftwomotorssimultaneously. The
motordriver is designed and developedonthe basis of L293D IC. L293D is a 16 pin motor driver ICas shown in Fig.5. It provides
bidirectional ~ drive  currents  atvoltages ranging from 5 V to 36 V. The L293D is an IC
witheightpinsoneachsidetocontroltwoDCmotorssimultaneously. It consists of 4 input pins, 4 output pins and
2enablepinsforeachmotor[9-10].

+12vdc

e s L298N el
(P b | 1=

+12vdc

=

Fig.5. InterfacingMotorDriverwithArdunio.
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E. Relay

A relay is an electrically operated switch as shown in Fig.6. Ituses an electromagnet to operate mechanically as a switch,
butotheroperating principlesare also usedsuchassolid-staterelays.Relaysare usedby aseparate low-powersignaltocontrolacircuit,orby
asinglesignalto controlmultiplecircuits.Relayswereusedextensivelytoperformlogicaloperations in telephone exchanges and early in
computers[11-12].
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Fig.6.InterfacingrelaywithArduino.

IV. IMPLEMENTATIONOFALGORITHM

The flow chart in Fig.7 explains the algorithm of automatedseed sowing, grass cutting and pesticide sprayer robot
usingbluetooth/androidapp.

Algorithm for the robot is as follows:-Step1:Start

Step2:Switchingontherobot

Step 3: Pairing the bluetooth device with the mobile phoneStep 4robot should wait until it receives signal from the
app.StepS:Ifitreceives signal,robotworksaccordingly

Step 6: If the signal is not received go to step 4Step 7:universal OFFsignalisused todeactivate.
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Fig.7.Flowchartofthe AutomatedSeedSowing,GrassCutting and Pesticide Sprayer Robot Using Bluetooth/Android App.
consists of android app and bluetooth HC-05 to transmit andreceive the signals respectively. The robot waits until it getssignals from
app. When the signal is received, the respectiveoperations will be activated and robot will work accordingly.The prototype has the
different output sections and the mainideaofthe workisfulfilled.
Fig.8showstheentireprototypeoftheautomatedmultipurposerobotwhichiscontrolledthroughapp.Itperforms seed sowing,grass cutting and
pesticide sprayingsimultaneouslyonallthetypes offarmingland.

Pesticide sprayer

Grass cutter
Seed sower

Controller and
charging circuit

Fig.8. Snapshot of the Automated Seed Sowing, Grass CuttingandPesticideSprayerRobotUsingBluetooth/AndroidApp.

The solar panel shown in Fig.9 stores and converts the solarenergy into electrical energy which is given to charging circuitin order to
charge the battery to 12 V which will give thenecessarypowertocontroller, DCmotoranddifferentmechanisms.
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PROTOTYPERESULTSANDDISCUSSION

The designed robot will perform the seed sowing, pesticidespraying and grass cutting operations simultaneously. Whenthe solar panel
gets heated it converts sunlight into electricity.Thiselectricalenergy isfedinto the chargingcircuit.Thecharging circuit will work
according to maximum power pointtracking (MPPT) protocol to generate pulsed voltage and alsoavoids reverse current. The pulsed
voltage is givento batteryin order to charge it. The charging of battery is controlled withthe helpof voltage sensors.Since battery is
bidirectional it will charge and supply voltage to ardunioatatime.Thevoltage supply with sustained oscillation is fed into arduniowith
the aid of high pass filter. The channel relay providesvoltage supply to alldifferentmechanisms. The motor driver isused to drivet he
DC motors which run the robot. Themodel

Fig.9.Snapshotofsolarcharging.

Charging circuit

Solar panel

The bluetooth/android app which is used to control the robot isas shown in Fig.10. It consists of 12 keys. Scan key are usedfor pairing
of app with HC-05 module and set keys is used toadd further keys if required. The stop, right, left, forward andbackward keys are used
to control the movements of the robot.Theremainingkeyslikegrass,spray,seedareusedtoactivate the mechanisms. All OFF key is helpful
in deactivating themechanismsanditwillstopthemovementofrobot.

Fig.10.SnapshotofBluetooth/Android App.

Disconnected

SCAN SHOW ME
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In seed sowing mechanism, a funnel is used to store the seeds.A slider with hole is provided in order to sow the seeds inground at
regular intervals. The slider moves on the basis of toand fro motion with the help of DC motor which is fixed toslideras
showninFig.11.

s

\ ‘,..—WA; Different funnels for

pmea { ¥ different sizes of seeds
- o LN

\ Slider

Fig.11.Snapshotofseed sowingmechanism.

Thegrasscuttingmechanismconsistsofrotatingbladeshaving a  sharpened knife edge on both sides to cut the
wastegrassefficientlyisasshowninFig.12.ThebladesworkaccordingtotheprincipleofslicingwiththehelpofDCmotor.

In pesticide sprayer mechanism, a container is used for thestorage of the pesticide solution. A mini submersible

pumpwhichisusedforpumpingthepesticidetothepesticidesprayerwhichiskeptinsidethecontainer.ThepesticidesprayerisasshownintheFig. 1
3.

Fig.12.SnapshotofGrasscuttingmechanism

Rotating blades
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Pesticide sprayer
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container

Fig.13.Snapshotofseed Pesticidesprayer mechanism.

VL CONCLUSION
In conclusion, the development of a solar-powered autonomous multipurpose agricultural robot represents a significant advancement
in modern farming practices, addressing critical challenges such as labor shortages, resource management, and sustainability. The
integration of renewable energy through solar power not only reduces operational costs but also aligns with global efforts to promote
environmentally friendly agricultural solutions. By utilizing Bluetooth connectivity and an Android application for control, the robot
offers farmers enhanced flexibility and real-time monitoring capabilities, facilitating efficient task execution in diverse agricultural
settings. The research highlights the importance of incorporating advanced sensors for data collection and decision-making, which can
lead to improved crop yields and sustainable resource use. While challenges related to cost, scalability, and technology integration
remain, the findings of this study provide valuable insights into the potential of autonomous agricultural robots to revolutionize
farming practices. As the agricultural sector continues to evolve, embracing innovative technologies such as solar-powered robotics
will be crucial in promoting sustainable and efficient agricultural systems capable of meeting the demands of an ever-growing
population.
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