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Abstract

Variable Rate Technology (VRT) in fertilization is to control fertilizing at the desired
rate with a compensation of traveling speed variation. ~VRT helps farmers to utilize the
fertilizer as needed and, so that, to minimize farmer’s production cost. This senior project
is to develop an automatic screw feeder control system- installed on a typical sugarcane
fertilizing machine for a VRT application. The system uses an Arduino MEGA microcontroller
to receive the traveling speed from a GPS receiver, then; calculates and sends the control
signal to a motor driver for controlling a DC motor and the screw feeder at a desired rate.

In laboratory, the system showed a high accuracy in application rate with fast
response. Output rate instantly followed the change of input command. For the field test,
the system performed good accuracy in application-rate at the S.D.of 1.6-4.2 kg/rai. One
significant error in the systemn was the variation of fertilizer’s density due to environmental

humidity, which should be taken into-account in the further study.
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2.3 GPS (Global Position System)

gﬂﬁ 2.3 GPS Receiver
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2.4 Arduino MEGA 2560 ADK

gﬂﬁ 2.4 Arduino MEGA 2560 ADK

fn: https://www.arduitronics.com/article/19/arduinos-boards-buying-guide (2560)
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3.2 WUIAALATUANNISNI9IUY

Q, |Application Rate (kg/unit time)

Q, |Fertilizing PerArea (kg/unit area)

vV |Traveling Speed (kg/hr)

W | Row Space (m)
RPM | Screw Feeder’s RPM

PWM | Motor’s Pulse-Width Modulation
Signal
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3.4 msldszuu GPS Whadaslunisszuauiivessaunsnines

GPS module

gﬂﬁ 3.6 MNLLEARNITEUVUUDINIT

gunsnlil Arduino MEGA 2560 uag GPS module with compass 3u NEO-M8N i

1 s u :J
N3 MO R, Tx 1 R, Tx Serial channel 1 PNFUN 3.6

a ° - A " v P o w )
Tagidn1599ude eil UAIMAWVIN Rx TinyGPS 98N1N1509ATAAINNHALY Y10
o ' o £ o it v
wauansraaaniduauslundy km/hr @8A1Un 10Hz %158 N9 200 millisec 91nUU

Jufinua Y9ladin1snaaaumnuiug1vos GPS lowauansdisgy 3.7

8
=
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.GZ #
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3.5 MsauIszuUsnludAdmiuatuAundeIaIdes

a
3.5.1 n1snadaULNawIaNn1sLUasan Q, Wy pwm

lussuu digital aglaianansamuaunsaIvaunudwemesidlauns fos

& ynyr1u PWM (Pulse Width Modulation) Tun1saauau Tnsazitiunisusu

b }

@ o |

AdIUDITYYINMTENT Duty ratio 15198 EW1TAAIUINM Q; 1ARINAINLSIT

ABelin1s1 PWM 2anileandves Q

ENCODER

© OJGIETY

Arduino

Potential meter

JUN 3.8 NHUARITTUUYDIINAS

qﬂﬂiiﬂm‘tﬂﬁuﬁ Arduino MEGA 2560 ,Potentiometer wag Encoder lagil

) B -
N3ABHAYEYIN output A LAy output B 484 Encoder L9191 Interrupt O pin 2 Lwe

s A o 3 1 173
U Pulse LAONIATUIN RPM 21N TUULAAINALAZLAUAN lunitsnmasse 14
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Potentiometer lunsadsdyyraiioususzavves PWM Tiduluaudasnisiag

wUald Tneduanuseau

3.5.2 MINARDULWONN Q, LHBUAULIa1 WUU Transient

Wunisneaauianauutugrlun1se1uaIves encoder naaaulaenis

Uoudnysyreu PWM A3l 5 520U ARIs1uaznanlaneanis

ENCODER

O® (ECH)
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unil 4

NINAHDULRSHNANITNATDU

TuunilagnanidBnmmeaeu uaznan1svngeu lnaasounquinds (4.1) ms
@ o § ' [ = @ = o o
VAABUNANLFUNUTTENINBRTINITVEBATIE (Q), A1IISIToUTaLNTEIE ALY (RPM)
uae JYaINAIUAN Pulse-Width Modulation (PWM) (4.2) MINAADUNSABUAUBIUDS

FYUUMUAN Uag (4.3) Havnaauninauly

4.1 MITNAFIUNIAIUTUNUS TEUIN98NTINTTHEaMTINa (Q)), ANLSITOUVRLNALA

andss (RPM) uae dyeyniAarunu Pulse-Width Modulation (PWM)

Junsvaasulukesfiinisiiemenudiiussenindnamnisveeniduna (Q)
71, Anumsrseuveundeasuass (RPM) 7iAndy uay dyry1niAuAN Pulse-Width
Modulation (PWM) TiFeeld Tneviinnsmageunisnaentoissiudgaia PWM 51, 102,
153, 204 wag 255 (Amdy duty cycle 20%, 40%, 60%, 80% waz 100% AWFIFU) udIgu-
Lﬁw%mmﬂaﬁlﬁluisﬂmm 10 U9 vourazszAUdy M LU 3 &1 thundana

a =f L d
TUNNNE wazianatiunsan mgﬂ‘w 4.1 uay 4.2

200
160 e

120 /__,-0"

§ 80 ',""'
40 - .
0 » : , , ,
0 2 4 6 8
Q, (kg/min)

= LY T U o/ ay v @ =l o =
5UN 4.1 Auduiusseninednsinisvean (Q) A Lazarmisisoureundeiaiies
(RPM)
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NFUN 4.1 8rsINsugen (Q) Nl wazauisIseuendsrandss (RPM) ALY
Anuduius I dudunsaduaunis RPM e, = 22.78 x Q, lnsfiadulszavsnisdndula (RY)
=3 GIJ =l o o = -; o 1 + a cj L v
gatle 99.97% dupedyanderandesiiamisanmuanisedelulSuanideanislaaae

NsAIUANAIINTITEUTBLNAEIE LAY
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JUN 4.2 Anuduiusseninsdananiunu way anuiaseuvaandeldides

EY] @

wazlulAgany Adyyrumuy PWM wisiulaepssagitdudaduiuainusa

o =

FOUVRNNALIANTLY Tallaun1sAINEUNUSAE PWM = 1.3565 * RPM.. o, + 26.541 waedl

AdNUszansn1sanaula (RY iy 99.98% LiasIuann1syianddinieiu awa1uise

o I P o 8/ o -
ivuaAdyIuAuAN PWM Mvsinyay inelilasnsinisuean Q Nfenis
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AIAFNUIN

AMANUIN N

NSNAFBUNIAMNTUAUSTENT199R51M S aaBanna (Q), AIUISITIUVBNEEN

dLiee (RPM) waz dryeursuniuas Pulse-Width Modulation (PWM)

#include <TimerOne.h>

volatile longint  i=0; s 4Encoder
volatile float rpm,pwm ; s A
volatile int vel ;

void setup() {
Serial.begin(384000);
pinMode(2,INPUT_PULLUPY);

1 Encoder

attachinterrupt(0,encCount,RISING); T Ptlee Sonuud
TimerL.initialize(100000);

Timer1l.attachinterrupt(calRPM);

void loop() {

26



void encCount(){

e

void calRPM(){

rpm = (i*60)/(0.1*360);

vel = (analogRead(A0)*5.0)/1023;
pwm = vel*51;
analogWrite(5,pwm);

showtime1();

void showtime1(){

Serial.print(vel); Serial.print(\t));

Serial.printtn(rpm);

i=0;

/AfugailouyusnuqetinluEncoders i

attachinterrupt

Serial.print(pwm);

Serial.print(\t);

27



AARNUIN U

‘IﬂﬂﬁBUﬂ'ﬁﬂa‘Uﬁuaﬂ’UEJ\?'SSUUﬂ’J‘UﬂIlI

#include <TimerOne.h>

volatile long i
volatile float rpm,pwm;

vel ;

’

volatile int
void setup() {
Serial.begin(38400);
pinMode(2,INPUT _PULLUP) ;
pinMode(3,INPUT _PULLUP) ;
attachinterrupt(0, encCount,RISING) ;
Timerl.initialize (100000) ;
Timerl.attachinterrupt (calRPM) ;
Serial.print("PWM"); Serial.print(’\t");
for (int k=0; k<=5; k++) {
pwm = k*51;
analogWrite(5,pwm);
delay(10000);
}
for (int k=4; k>=0; k--)
pwm = k*51;
analogWrite(5,pwm);

delay(10000);

9t

i
i

Yo i

PRI . SR
AU IVILU LU IR T

7//INTQ

2371108 e

Serial.printin("rpm);

J/muslanutayanistiy

3
et

P tals

¥

1 Encoder
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void loop() {

29

Serial.print\n("###t### B HH R HFBHHHBBHIHRH");

delay(1000);

void encCount(){

if(digitalRead(3)==0) // Check the rotational direction

I++;

?

else

void calRPM(){
rpm = (i*60.0)/(0.1*360);
i=0;

showtime 10):

void showtime1(){
Serial.print (pwm); - Serial.print ('\t);
}

fAaeanay Serfal Portyn« 0. 1s

Serial.println (rpm);
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N1AEUIY

#include <TimerOne.h>
#include <SPL.h>
#include <SD.h>
#include <EEPROM.h>

#include<TinyGPS++.h>

/*

Pin of SD CARD = MISO/MOSI/CLK/CS = 50/51/52/53

X

volatile long i ;

volatile float velhrr,minn;
volatile float rpm,pwm,Calrpm;
volatile float vol;

volatile float Ot;

volatile float w = 1.5;

volatile float Qa= 30.0/1600;
bool recFlag;

TinyGPSPlus gps;

File dataFile;

void setup() {
Serial.begin(115200);
Serial3.begin(115200);
pinMode(2,INPUT_PULLUP),

pinMode(3,INPUT_PULLUP);

// count Encoder

/AT GPS

;
/ey ooy

ARSI ANTIE 1S
//Velocity from GPS.(km/hr)
/7ke/hr

//work width-{m)

//Rate kg/rai

4

Z{Flag Joaswitchil 5 uinenas SD Card

w4

:
LEAWILGEe L3 GPS v

Av9111 SD card

/7 INTO

30



pinMode(7,INPUT_PULLUP);
pinMode(9,0UTPUT);
pinMode(44,0UTPUT);
attachinterrupt(0,encCount,RISING);
Timer1.initialize(100000);

Timerl.attachinterrupt(calRPM);

if (1 SD.begin (53) ) {
Serial.printin("Card Error I");
digitalWrite(44,HIGH);

}

31

//recSW for SD CARD

//lcd wanEnusSD card T wdaulwy
/led wasganiu=SD card 1 Avdauiin
//Pin2 is interrupt0

/4n0.1 3

//9n0.1s Ui void calRPM()

/Agiannuvseu SD card

J/irlifseLED Pinddasfie

dataFile = SD.open("datatog.txt", FILE, WRITE); /¢ dwilalwaly SD card

if (IdataFile ) {
Serial.printn("File Error. ")
digitalWrite(dd,HIGH);
}
dataFile.close();

}

void loop() {
fileCtrl();
while( Serial3.available() )
if(gps.encode(Serial3.read())) {
hrr = gps.time.hour();

minn = gps.time.minute();

omtdvE aulCDPinddasfie

HAEtintsldly SD.Gard




void encCount(){
If (digitalRead(3)==0)

i++;

void calRPM(){
rpm = (i%60.0)/(0.1*360);

i=0;

b

vol = gps.speed.kmph();

Qt = Qa*w*vol*1000;
Calrpm=0.3797*Qt;

pwm = (1.3565*Calrpm)+26.5641;
analogWrite(5,pwm);

showtime1();

void showtime1() {

32

// Check the rotational direction

A pinasitiyesEacader @ialy

] .
I R B -
WHASBAETATR L UR O

SERL

7/ velocity from GPS (km/hr}
//Qttkg/hr) , 1000 m = 1kg
//annpanHpagtil 4.1(3 Uil 4.1)
J/anupn e 19 41( 4.2)

¥ b o tu A T T
2/ ARG WU ATUALLBDIRES

o 5t
7/ANE AR INE

nn

)"+ String(pwm)+

Serial.printtn( String(vol)+ "," + String(Qt)+ ," + String(Calrpm)+ ",

+ String(rpm));
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if ( recFlag==1) //regFlag=1 wanyiinsdudin
Joya
dataFile.printin( Stringlvol+ "," + String(Qt)+ "," + String(pwm)+"," +

String(Calrpm)+"," + String(rpm)) ;
}

void fileCtrl(){
if ( digitalRead(7) ==1 && recFlag==0)f

recFlag = 1;
byte fileNo = EEPROM.read(0);
EEPROM .write(0,++fileNo);
char fileNamel[8];
sprintflfileName,"%d.csv" fileNo);
dataFile = SD.open(fileName, FILE WRITE);
Serial.print("Recording ... ");
Serial.println(fileName);
dataFile.printtn(String(hrr) + " + String(minn)+"," + String(Qa));
digitalWrite(9,HIGH); //anirsUudiaaeSDeard ledasfe
}

if (IdigitalRead(7)==0 && recFlag==1)
recFlag = 0;
dataFile.close();
Serial.printin("File Closed");
digitalWrite(9,LOW);

}
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Microcontroller

sUf 4.1 Arduino MEGA 2560 R3

NUazdn

Make Arduino.cc, Italy

Model : Arduino MEGA 2560 R3
(ATmega2560)

Operating Voltage 5V

Input Voltage 7-12V

Digital I/O Pins 54 (of which 14 provide PWM
output, 4 UART TTL)

Analog Input Pins 16

OC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256KB of which 8KB used by

bootloader

SRAM 8 KB
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EEPROM 4 KB

Clock Speed 16 MHz

dy 3 dl Y o U 14 dl = I gj 1 Y o ¥ € Y 1
wnanstiluenansnanulidwiunmsldnuienisfinumintu lieygalmilldusslevidaiunisen

i nsdlla visdu Bnnaudlisaudadlien wagdesdnedisdivetenarsynasaninisluly
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E‘Uﬁ 4.2 Encoder

Encoder
SUALLDYN
Make
Model :

Encoding method

Power supply voltage
Resolution (Single turn type)
Output phases

Phase difference on output

Rise and Fall times of output

Omron Co.Ltd, USA
E6B2-CWZ6C

Incremental

5VDC -5% to 24 VDC +15%
360 P/R

A, Band Z

90 DEG -45 to +45 DEG

Rise time of output: 1 us Max.

Fall timeof output: 1 us Max.



Regulator

37

gﬂﬁ 4.3 Regulator

=l
NY[TLDYA

Source::

Voltage range
Output voltage range
Qutput current
Output power
Working temperature
Operating Frequency
Efficiency

LxWxH

http://www.arduinoall.com/product/579
IuQaLiQLam—xldo15-dc-dc-step—down-5a—
adjustable-power-supply-module-x14015-

step-down-buckinput

4-38VDC

1.25-36VDC adjustable

0-5A, recommended for use in 4.5A.
75W

-40 fauszunel +85 degrees

180KHz

96% (max)

54 x 23 x 18 mm



29959UNDLMa35 (Motor Driver)

31Jﬁ 1.4 Motor Driver

YA
Make
Model :
L xW
Input voltage range
Output voltage range

Output current

Polulu, USA

Polulu High-Power Motor Driver 24v12

1.3 % 0.8inch

55t0 40V

5V

12 A



UALMBINITTLENSS (DC Motor)

=
NYaTLYR

Make

Model :

Type

Voltage

RPM

Ratio

Power

Calt

Uil 4.5 DC Motor

Zhengke Electromotor Co.,Ltd.

,Cina

ZGBX80FNN

Direct Current

12V

100

1:18

60 watt
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