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This article addresses the advanced system whigbrowesagriculture
processes like cultivation on ploughed land, basedobotic platform. We
have developed a robotic vehicle having four wheeid steered by DC
motor. The advanced autonomous system architecgives us the
opportunity to develop a complete new range of cadfiral equipment

based on small smart machines. The machine witivei¢ the farm by

considering particular rows and specific columifixad distance depending

Keyword: on crop. The obstacle detection problem will algoconsidered, sensed by
. infrared sensor. The whole algorithm, calculatipnpcessing, monitoring
gg'fﬂuc!ttg:e robot are designed with motors & sensor interfaced witlsrocontroller. The

result obtained through example activation unitliso presented. The dc
motor simulation with feedforward and feedback téghe shows precise
output. With the help of two examples, a DC motod a magnetic

levitation system, the use of MATLAB and Simulink fmodeling, analysis

and control is designed.

Microcontroller
Seed & fertilizer cultivation
Steering mechanism
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1. INTRODUCTION

In modern globalization, many technologists areéntfyto update a new development based on
automation which works very rigidly, high effectiyeand within short time period. They have develbpe
driverless tractors but they did not have abilityembrace the complexity of real world.

Now the approach of this project is to develop smachine which do right thing in right place at
right time with right amount in process of farminghe progressive invention in agriculture system is
becoming an important task especially because siigidemand on quality of agriculture products and
declining labour availability in rural farming aearhere are different processes in the farmingesydike
ploughing, cultivating (seeding), weeding, harvegtetc. All these processes are advanced by madityie
mechanism in farming which works automatically with man power requirement. The small machine
would be assembled from existing mass produced oosms without the need of specialized design and
tooling. Because of small autonomous machine jatsility and insurance will be lot easier. Also timput
energy require to this machine is less as compaitictractors or any agricultural instrument.

This paper presents unified framework that willilitate the implementation of future autonomous
agriculture system. The section I, introductionresgnts an overview of system and processing apiprd@
section I, it describes various processes in fagrsystem like ploughing, seed mapping, seeding and
reseeding [1]. The section Ill provides the systemthodology [4]. This includes a description of an
experimental platform and as well as hardware irecof controlling system [4]. The informationrabotic
system, designing part of robotic vehicle and pgathtrol mechanism is explained in section IV [2]. [Bhe
system algorithm is described in section V, whibbves the actual working this autonomous farmingptob
The experimental results with graphical analysésd@arified in section VI. The approaches of thistem are
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as self operating and controlling assembly, higkespmachine, energy saving vehicle, highly accuaate
economical robot is to be developed. Finally cosiclns are drawn.

2. FARMING PROCESSESAND CULTIVATION SYSTEM
There are so many different processes in the farmistem like ploughing, seeding, fertilizing,
weeding, harvesting, spraying etc. which requirgdaamount man power. So, to reduce this problem fr
rural area, the advanced implementation in farnsimguld be necessary.
The various processes in farming are explainedisb
A. Seed bed preparation:
The process of preparing a bed for cultivating @edse ground is called as “ploughing”. It is primar
farming process in which effectively mixing of tepil to prepare a seed bed is processed.
B. Seed mapping:
The process of recording the geospatial positiogach seed passively as it goes in to ground lisccab
“seed mapping”.
C. Seed placement:
The process of placing seed at a particular sesifigois called as “seed placement”. Rather thaly o
record the position of each seed it would be bétidére able to control the seed position.
D. Reseeding:
This is the concept of being able to identify whire seed was not placed and can automatically plac
another seed in same position.

3. METHODOLOGY

In this project, it is presenting that the farmtmation process in advanced agriculture system
which is controlled by microcontroller assembly.eTiechnique of seed boringin ploughed land is based
row per column with fixed standard distance depegdipon type of crop or type of cultivation. Théert
main part of this technique is sensor part. Thes@eperform the well job of identifying obstacleswaell as
completion of farm and turn robotic vehicle to neottv per column and follow remaining part of thenfia

The hardware structure to control the robotic segdiehicle as advanced agriculture system is as
shown in figure 1. The system includes two infraseshsors, two DC motor, two servo motor and whole
parts are controlled by microcontroller assemblydasigned in hardware. The operation of DC motor is
based on simple electromagnetism, used to giveggnerthe wheels of vehicle.
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Figure 1. Hardware structure of Robotic system.

Depending upon the revolution per minute of DC metcel, it drives vehicle at particular distance,
the cultivation motor i.e. servo motor will be werkand controlled.

When DC motor would be started, vehicle moves akbegparticular columns of ploughed land for
boring the seed. The infrared sensor is conneotétketfront edge of robot; other is at left sidedontrolling
the movement of vehicle. The process of boring seel land is called pipe cultivation techniquepipe
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boring process. Thmechanism of that process consists of two or thipe section whiclis separated at a
particular distance accordinig the seel

The seed drill or pipe is inserted vertically ire land at particular depth, corresponding IR sel
getinterrupted and it sends signal to microcontralfepugt analog to digital convert. In case vertical rod
is notinserted in land, microcontroller get understandt tthe lan is not ready to cultivate or it is n
ploughed or ploughedrea of the land will be finished. There are twsesati sense the sensor-
Case I: Obstacle is present:
If any obstacle is present like hard rock in they of vehicle, the infrared sensor gets triggered matally
and fetches such instruction towards microcontratieturr the vehicle in to 270(as explained in section |
(B)) in forward directiorand come back against same row column and processed it furtr
Case II: Completion of ploughed la
If there is no any obstacle is present in the wk vehicle, it will moves up to last end of the colurdi tha
position, it tries to move 27MLt cannot succeed amdicrocontroller understand to move next columns
in reverse direction. Now it again check for casea(iyl mov: away further. And it repeatedly follows the
two cases.
When vehicle moves towards row per column, depeg upon drive section of DC motor revolution, tt
servo motor terns shaft with 1900 regularly and seed gets borthgough pipe mechanism which obeys
instruction ofservo motor. The different distance is required ddferen seed cultivation, controlled
servo motor driver section.

4. MISSION PLANNING OPERATION
A robot is a mechanél and artificial agent. It is usually an electrorhadcal system, conveys a
sense that it has agency of @an. It is a device that automatically complicataet because of software
programming.
A. Design of robotic vehicle:
In this project, for deeloping the structure of robotic agriculture maehisimple technique is
used. As shown on Figug it shows the designing of vehicle.

MICRO-
—) CONTROLLER
CIRCUIT

o onwmm o py

Figure 2. Designing of vehicle

It hasfour wheels which are individually driven ¢ steered. These wheels drive respectively
two dc motor provides direct drive without gearing. Also there twc sliding bearings, respectively conni
to the front wheel antlody, so that the front whecan rotate between +%&r - 45 around bearing. All dc
motors are energized by dapply through microcontroller circuit. Infrarednser set at the front edge of
vehicle for sensing obstacle in the \ of vehicle, provides instruction to microcontro for controlling
motion of wheels through dc motor. 1 cultivation pipe with funnel is fitted at front &dof assembly,
shown in figure 2. It is used to boring the s stored in funnel and controlled by servo motoi cultivation
section, a servo mat@nd an infrared sensoi used to boring seed in ground and check whethesabd i
placed in ground or not by infrared sensor. If @mpr is detected in this process like seed box (funne
empty, lands not ploughed, battery backup problem then it stardbuzzer and shows the fault on disp
board.

B. Path controlling:

In agriculture environment heavy or loaded vel can't move easily on the bumpy road, so st
vehicle isdesigned, operates on dc motor, in this project controlling path of vehicle, it should k
predefined as showin figure 3. Previously, the vehicle drives in gtd line tc first column and after end
ploughed land, the vehictetate 180 and select second column and proceed further.
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When obstacle is detectethe vehicle turns by 900 towardight side first and sense for anotl
obstacle and turns by 9@0@wards left side or right side, depends upon dwmn as explained in section Il
To determine instantaneowslues of all motors, the analysis of rigiddy velocity i used. During the
translational motion the longitudir direction of all front two wheels are oriented itleally with respect to
vehicle body and both wheels spin at s rate around their drive axes.

Figure 3. Path control mechanism

And during rotational motion longitudinal axis of e wheel is oriented at 45°or -45 with respect
to orientation of vehicle bodyThe dc motor simulates the open loop and cldseg performance witl
control system as below.

Voltage Arrnature  Torque Load Velocity Angle
V(s K T(s 1 5 1 5
(ls+R) »  (Js+h) s [—*
K ”
Back emf N

Figure 4. Block diagram of DC motor

The control inputs for the steering and driving ametarc computed using feedback control syst
laws as

w[s]: K
V(s] (R+Ls)(|s+b)+Ki

Gv(s)=

Where,

Gv (s) -closedoop gair
w (s) - angular velocity
V (8) - input voltage

5. ALGORITHM IMPLEMENTATION
The algorithm for operatgthe robotic agriculture vehicle and whole systenmplemented as
Start the machine.
Select the distance feten two columns according to seed type.
Display the distancend_CD display board.
Check the whether tlseed box is empty or full.
If it is empty, buzzewill on and DC motor will off. If it is not emptytart the DC motor.
Vehicle starts to movie forward direction in straight line.

ogkrwpdpE
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7. While processing it, if any obstacle is presentway of vehicle, sensed by infrared sensor.
Microcontroller gives instruction to vehicle asated by 98 towards right and after some distance
it will be rotated by 98 towards left and goes straight way.

8. After completion of ploughed line, the vehicl®wes back by rotating 18®@wards right side.
Again it will go to step no. 8 up to end of ploughand.

6. EXPERIMENTAL RESULTS
A series of automated robot guidance tests in jdogm@und nuts, jawar, wheat etc were conducted

to validate the performance of the developed sigevased automated system. Ten rows of above ceop w
planted using a one-row planter in similar patt&ve tested following results as

1. Speed of vehicle depending upon moisture:
The speed of vehicle is only depends upon moidawea of soil. We have taken different results to

the speed of vehicle as shown in figure 4. Theagldmn shows the standard level of moisture fos¢ho
seeds. The red column defines the good performaithecharacteristics as explained bellow.
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Figure 4. Graph shows speed depends on moisture

2. Speed torque characteristics of DC motor:
The D.C. motor is operated on 12V with 60 rpm. Bheph shows torque speed characteristics of
D.C. motor to full load. It is obtained by incremgiarmature voltage from 1V to 12V linearly. Ifpltted in

Figure 5.
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Figure 5. Graph of speed torque characteristicie ahotors

3. D.C. motor speed analysis with and without feath

The graph shows two techniques for reducing seitgitf angular velocity ¢) to load variation i.e.
change in torque opposed by the motor load. The gdmpares the closed loop bode diagram with its
simulation when back e.m.f. constant (Eb=0.085)e Timulation of feed forward and feedback is

represented as shown in Figure 6.
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Figure 6. comparison between feedforward, feedba&id =0.085.

7. FUTUREIMPLEMENTATION

The system can be advanced for checking the meisififarming land by moisture sensor and
adjust the particular amount of water in soil (m@isture of soil) according to seed and its rezint. It
can automatically increase the moisture of soiimd, when providing water supply to this systentan be
also used fertilizer sawing instead of seed.

The system can further be modified to measuringouarparameter in farming like crop growth,
weed prevalence, its type etc. Also, one or mastesy can be monitored through GSM system.

8. CONCLUSION

The paper has presented that the requirements eogteps made towards achieving a future
precision autonomous farming system. The assemblydeveloped for cultivating ploughed land
automatically i.e. no man power required. The pbjeas consists of two different mechanism. Thst fir
mechanism contains making an assembly of vehiaetarmotion, where as second mechanism is preparin
a seed bed on ploughed land.

The microcontroller is used to control and monitgrthe process of system motion of vehicle. It is
controlled with help of DC motor and servo motohisT system also detect obstacle present in patheof
vehicle by infrared sensor. It is also used foisgemturning position of vehicle at the end of laBeécause of
no man power requirement and high speed of operatibas scope for further expansion.
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