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Abstract
This thesis describes design and control of a mobile robot which delivers things
to the target. In this project includes route detection program and microcontroller.
The MATLAB is applied to detect routes based on HSV technique and colors
detection technique to provide the movement of robot. ARDUINO is chosen as the
main controller which communicates to MATLAB and controls the motors for

movement.
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MITNN 2.1 AITNUARIII88ELEARNENUATDIUDIA ARDUINO Mega 2560

Microcontroller ATmegaz2560
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V

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

TIE)
Analog Input Pins 16
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bhootloader

SRAM 8 KB

EEPROM 4 KB
Clock Speed 16 MHz

5U71 2.3 Upsn ARDUINO MEGA 2560

2.3 Ultrasonic Sensor Module (HC-SR04)

gﬂﬁ 2.4 Ultrasonic Sensor Module (HC-SR04)
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AT 2.2 MsuERInIsaelielday Ultrasonic Sensor Module(HC-SR04)

Pin nsdelflelde

1 5V Supply

2 Trigger Pulse Input
3 Echo Pulse Output
il GND

AN3199 2.3 MsanansloyasEazdunfmaNTRves Ultrasonic Sensor Module(HC-SR04)

- Working voltage DC5V
Static current 3 mA
Working temperature 0~+70
Output way GPIO
Induction Angle Less than 15
Detection range 2cmtodm
Detecting precision {:3cm + 156
Sensor size Approx. 45 x 20 x 1.6mm
Hole diameter Approx. 1mm
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red, = red —min{ red, green, blue)
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4.2.1 neRRIAWIIINUARY channel YaamATiAsEUUE HSV
1. vunteng Command Window veslusunsy MATLAB fiu@&niseny
AN
TestHSV = imread(‘test1.jpg’);

o

g‘LJ‘?'; 4.1 N testl.jpg
2. wasunw TestHSV Tflunwlunsay channel lngldedasalui
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[H,~,~] = rgh2hsv(TestHSV);
[~,S,~] = rgb2hsv(TestHSV);
[~,~V] = rgb2hsv(TestHSV);

Y oo o= ay v
uuiinnwala
3. vmsvaneslneidsuniuiuuilusiumsduguudunia

4.2.2 vaasuszunanan mauny Sivdes uazdundu
1. VU9 Command Window 2a4lUsinsy MATLAB Runedanisenu

HIN

TestColors = imread(‘test2.jpg’);
[ TET T T T e i A e

;l’! Tools View Pl;)h:(.h_- _Hdp e e e 7 ..

0 &ao| Qs

-

A
RGHAEIXED [312

J Frocessing

311*7'1' 4.2 0N test2 jpe

2. wenasrusgnaunwansaz it lnvldmdasselui

Red = TestColors (:, :, 1);
Blue = TestColors (:, :, 3);

3. Wasunmilsidunwnlagldmdsdselud
RedGray = rgb2gray(Red);

BlueGray = reb2eray(Blue);
4. MKan 1IN naInUsenavanunniasldandss e lul

DifferentRed = imsubtract(Red, RedGray);

DifferentBlue = imsubtract(Blue, BlueGray);
5. Wasunmrasadunwluunstesldan Threshold 1y 0.24Euaq) Lay

0.1(&1URY) Teeldedsmanluil
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RedBi = im2bw(DifferentRed, 0.24);
BlueBi = im2bw(DifferentBlue, 0.1);

d § 73 ] QIJ @ 1 d"
6. Uszanananndmdealiiduninluuismerdesedeluil

Red = imsubtract( TestColors (:, : , 1), rgb2gray(TestColors) );
Red = im2bw(Red, 0.05);

Green = imsubtract( TestColors(: , : , 2), regb2eray(TestColors) ):
Green = im2bw(Green, 0.05):

Yellow = imsubtract(Green, Red);

Yellow = imsubtract(Green, Yellow):

ar d v :J = v - o
7anuannsiivelildnmluunFuesdineg  lunsldnuasamazgniumen

nApaudRzdimsUssnananwaaenina  amwluudildiuesgnaanseuliiuingitug

v & o a W o - Yo @ &
wionsimuniiinsyysumiaingddndae Taoldidaolui

centRedY-9));

hblob = vision.BlobAnalysis('AreaOutputPort’, false, ...
CentroidOutputPort’, true, 'BoundingBoxOutputPort’,
true',MinimumBlobArea', 30, 'MaximumBlobArea', 5000,

'MaximumCount', 5);

hshapeinsRedBox = vision.Shapelnserter('BorderColor, ‘Custom,
‘CustomBorderColor, [1 0 0], 'Fill, true, ...
FillColor!, 'Custom’, 'CustomFillColor,
[1 0 0], 'Opacity’, 0.4);

htextinsCent = vision. Textlnserter('Text!, '+ X:9%4d, Y:%d4d', ...
LocationSource', 'Input port', 'Color', [1 1 0], ...
'FontSize', 14);

[centroidRed, bboxRed)] = step(hblob, RedBi);

centroidRed = uint16(centroidRed):;

vidin = step(hshapeinsRedBox, vidin, bboxRed);

for object = 1:1:length(bboxRed(:,1))

centRedX = centroidRed(object,1); centRedY = centroidRed(object,2);

vidin = step(htextinsCent, vidin, [centRedX centRedY], [centRedX-6

end
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pingPinl = A3;
inPinl = A2,
Sonic1()

durationl, cm1;
(pingPin1, OUTPUT);
(pingPin1, LOW);
(2);
(pingPin1, HIGH),
(5);
(pingPin1, LOW);
(inPin1, INPUT);
duration1 = (inPin1, HIGH);
cml = durationl1/ 29 / 2;

cmi;
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2.1 Thaddan1snsavduiduduas ingdihiulasTusunsu MATLAB

%% % %% %% %% %% % %% % % % % %% % %% % % % % %% % %96 %% %% % % % %% %% %
% Program Name : HSV and Colors Detection

% Description : Route Direction of Robot in Live Video

96%% %% %% %%%% % %9696 % %% %% % % %% %% % %% % %96 %% % % %% %% %% %%
%% Initialization

clg

clear all;

close all;

blueThresh = 0.054; % Threshold of blue
blackThresh = 0.048; % Threshold of black
redthresh = 0.03; % Red Threshold of yellow
greenthresh = 0.03; % Green Threshold of yellow
greenThresh= 0.075; % Threshold of green
redThresh=0.15; % Threshold of red

vidDevice = imagq.VideoDevice('winvideo', 2, MJPG_640x480), ...
'ROI, [1 1 640 480], ...
‘ReturnedColorSpace’, 'rgb");
vidInfo = imaghwinfo(vidDevice), % Acquire input video property
hblob = vision.BlobAnalysis('AreaQutputPort’, false, ... % Set blob analysis handling
'CentroidQutputPort), true, ...
‘BoundingBoxOutputPort, true', ...
‘MinimumBlobArea’, 30, ...
‘MaximumBlobArea', 5000, ...
‘MaximumCount', 5);
hblob2 = vision.BlobAnalysis('‘AreaOutputPort’, false, ... % Set blob analysis handling
‘CentroidOutputPort, true, ...
'BoundingBoxOutputPort), true), ...
‘MinimumBlobArea', 300, ...
‘MaximumBlobArea', 5000, ...
'MaximumCount', 5);
hblob3 = vision.BlobAnalysis('‘AreaOutputPort, false, ... % Set blob analysis handling
‘CentroidOutputPort, true, ...
‘BoundingBoxOutputPort, true', ...

‘MinimumBlobArea', 300, ...



‘MaximumBlobArea’, 3000, ...
'MaximumCount', 5);
% Set Blue box handling
hshapeinsBlueBox = vision.Shapelnserter('BorderColor, 'Custom), ...
'CustomBorderColor, [0 0 1], ...
Fill, true, ...
FillColor', 'Custom, ...
'‘CustomFillColor!, [0 0 1], ...
‘Opacity’, 0.4);
% Set Yellow box handling

hshapeinsYellowBox = vision.Shapelnserter('BorderColor', 'Custom) ...

'‘CustomBorderColor', [1 1 0], ...

Fill', true, ...
FillColor', 'Custom, ...
'CustomFillColor, [1 1 0], ..
'Opacity’, 0.4);
% Set Red box handling
hshapeinsRedBox = vision.Shapelnserter('BorderColor!, 'Custom, ...
'CustomBorderColor', [1 0 0], ...
Fill, true, ...
FillColor, 'Custom’, ...
‘CustomFillColor', [1 0 0], ...
'Opacity’, 0.4);
% Set Green box handling
hshapeinsGreenBox = vision.Shapelnserter('BorderColor', 'Custom’, ...
'CustomBorderColor', [0 1 0], ...
Fill, true, ...
FillColor!, 'Custom), ...
'CustomFillColor', [0 1 0], ...
'Opacity’, 0.4);
% Set Black box handling
hshapeinsBlackBox = vision.Shapelnserter('BorderColor!, 'Custom’, ...
'CustomBorderColor', [0 0 0], ...
Fill, true, ...
FillColor, 'Custom’, ...
'CustomFillColor’, [0 0 0], ...
‘Opacity, 0.4);
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htextinsBlue = vision.TextInserter(Text', 'Number of Blue Object: %2d), ...
‘Location', [7 2], ...
‘Color', [1 0 0], ...
'FontSize', 12);

htextinsSum1 = vision.TextInserter(Text', 'Number of Sum1: %2d', ...
'Location’, [7 18], ...
‘Color', [1 0 0], ...
'FontSize', 12);

htextinsSum2 = vision.TextInserter('Text', 'Number of Sum2: %2d’, ..
‘Location’, [T 34], ...
‘Color!, [1 0 0], ...
'FontSize', 12);

htextinsSum3 = vision. Textlnserter(Text', 'Number of Sum3: %2d/, ...
'Location’, [7 50, ...
‘Cotor, [1.0 0], ...
'FontSize', 12);

htextinsSuma = vision.Textinserter('Text', 'Number of Sumd: %2d', ...
'Location’, [7 66], ...
‘Color, [1 0 0], ..
'FontSize', 12);

htextinsCent = vision.Textinserter(Text', '+ X:%4d, Y:%4d’, ... % set text for centroid
'LocationSource’, 'Input port, ...
'Color', [1 1 0], ...
'FontSize', 14);

hVideoln = vision.VideoPlayer('Name', 'Final Video), ... % Output video player

‘Position’, [100 100 vidInfo.MaxWidth+20 vidInfo.MaxHeight+30]);

nFrame = 1; % Frame number initialization

out=0; %out of loop variable

%% %%%%%%%%% Other Variable %%%%%%%%%%
FB=0;

a=0;

b=0:

c=0;

cc=0;

d=0;

dd=0;
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e=0;

f=0;

ff=0;

centXBlack=0;
centYBlack=0;

%% % %% %% %969 % % %6 % % % % %6 % % % % % %6 % % %% % % %6 %6 % % % % %
s = serial('COM6");
s.InputBufferSize = 50000;
s.BaudRate = 9600;
s.DataBits=8;

fopen(s);

%% Processing Loop
while(out<50)

rgbFrame = step(vidDevice); % Acquire single frame

%69%%%%%%%%%%% Blue %%%%%% % %% %%%%%

diffFrameBlue = imsubtract(rgbFrame(:,:,3), reb2gray(rgbFrame)); % Get red
component of the image

diffframeBlue = medfilt2(diffFrameBlue, [3 31); % Filter out the noise by using median
filter

binFrameBlue = im2bw(diffFrameBlue, blueThresh); % Convert the image into binary
image with the red objects as white

[centroidBlue, bboxBlue] = step(hblob, binFrameBlue); % Get the centroids and
bounding boxes of the blobs

centroidBlue = uint16(centroidBlue); % Convert the centroids into Integer for further

steps

%%%% %% %% %% %% Yellow %%%%%%%% %% % %%
red = imsubtract(rgbFrame(;,:,1), rgb2gray(rgbFrame));
red = im2bw(red, redthresh);

red = im2uint8(red);

green = imsubtract(rgbFrame(:,;,2), reb2gray(rebFrame));
green = im2bw(green, greenthresh);

green = im2uint8(green);

Yellow = imsubtract(green, red);

Yellow = imsubtract(ereen, Yellow);
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Yellow = logical(Yellow);
[centroidYellow, bboxYellow] = step(hblob2,Yellow);
centroidYellow = ulnt16(centroldYellow);

%9%9%%%%%%%%% %% Green %9%%%%%%%%%%%%%

diffFrameGreen = imsubtract(rgbFrame(:,:,2), reb2gray(rebFrame));

diffframeGreen = medfilt2(diffFframeGreen, [3 3]);

binFrameGreen = im2bw(diffFrameGreen, greenThresh);

[centroidGreen, bboxGreen] = step(hblob2, binFrameGreen); % Get the centroids and
bounding boxes of the blobs

centroidGreen = uint16(centroidGreen);

%% %%%%%%%%% %% Red %%%%%% % %%%%%%%%%
diffframeRed = imsubtract(rgbFrame(:,;,1), reb2eray(rebFrame));
diffframeRed = medfilt2(diffFrameRed, [3 3]);

binFrameRed = im2bw(diffFrameRed, redThresh);
[centroidRed, bboxRed] = step(hblob2, binFrameRed);
centroidRed = uint16(centroidRed);

%% %%%% %% %% %% %% Black %% %%% %% %% %% %% %
bwredFrame=im2bw(rgbFrame(:,:,1),blackThresh);
bwgreenFrame=im2bw(rgbFrame.,:,2),blackThresh);
bwblueFrame=im2bw(rgbFrame(:,:,3),blackThresh);
binFrameBlack=bwredFrame&bwgreenFrame&bwblueFrame;
binFrameBlack=~binFrameBlack;

[centroidBlack, bboxBlack] = step(hblob, binFrameBlack);

centroidBlack = uint16(centroidBlack); % Convert the centroids into Integer for further

steps

%%%%%%%%% HSV : Saturation Channel %%% %%%%% %%
[~,51,~] = rgb2hsv(rgbFrame);

b1=im2bw(s1,0.25);

a1=b1(220:340,1:240);

a2=b1(100:220,120:320);

a3=b1(310:430,1:240);

ad=b1(310:430,400:640);

a5=b1(220:340,400:640);
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a6=b1(100:220,340:520);

rgbFrame(1:20,1:165,:) = 0; % put a black region on the output stream
vidin = step(hshapeinsBlueBox, rgbFrame, bboxBlue); % Instert the blue box

vidin = step(hshapeinsYellowBox, vidin, bboxYellow);% Instert the yvellow box

vidin
vidin = step(hshapeinsRedBox, vidin, bboxRed);% Instert the red box

step(hshapeinsGreenBox, vidin, bboxGreen);% Instert the green box

for object = 1:1:length(bboxRed(:,1)) % Write the corresponding centroids for red
centRedX = centroidRed(object,1); centRedY = centroidRed(object,2);
vidin = step(htextinsCent, vidin, [centRedX centRedY], [centRedX-6 centRedY-9]);

end

for object = 1:1:length(bboxGreen(;,1)) % Write the corresponding centroids for green
centGreenX = centroidGreen(object,1); centGreenY = centroidGreen(object,2);

vidin = step(htextinsCent, vidin, [centGreenX centGreenY], [centGreenX-6 centGreenY-
90

end

for object = 1:1:length(bboxBlue(;,1)) % Write the corresponding centroids for blue
centBlueX = centroidBlue(object,1); centBlueY = centroidBlue(object,2);

vidin = step(htextinsCent, vidin, [centBlueX centBlueY], [centBlueX-6 centBlueY-9]);
end

for object = 1:1:length(bboxBlack(:,1)) % Write the corresponding centroids for black
centXBlack = centroidBlack(object,1); centYBlack = centroidBlack(object,2);

end

for object = 1:1:length( bboxYellow(;,1)) % Write the corresponding centroids for
yellow

centXYellow = centroidYellow{object,1); centYYellow = centroidYellow(object,2);
vidin = step(htextinsCent, vidin, [centXYellow centYYellow], [centXYellow-6
centYYellow-9]);

end
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%%%%%%%% Polling the direction of robot %%%%%%%%

if
((uint8(length(bboxRed(:,1)))~=0)&&(((0<centRedX)&&(centRedX<200)&&(centRedY>26

Gk
||((@440<centRedX)&&(centRedX<640)8&(centRedY>260))))

b=0;
e=0;
C=C+1,;
cl=1:

elseif (d==1)
f=f+1;

else
b=1;
e=1;

end

%%%% Condition to count the passing red object %%%%
if (F>(2*c))&&(d==1))

fwrite(s,'r','uchar’);

c=0;

f=0;

t=0:

end
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%%%%%%%% Green %% %%%%%%

if
((uint8(length(bboxGreen(:,1)))~=0)&&(((0<centGreenX)&&(centGreenX<250)&&(centGre
enY>260))...

[l((390<centGreenX)&&{centGreenX<640)&&{centGreenY>260))))

b=0;

e=0;

cc=cc+l;

dd=1;

elseif (dd==1)
ff=ff+1;

else
=t
e=1;

end

if (ff>(2*cc))8&&(dd==1))
fwrite(s,'y','uchar);
cc=0;
ff=0;
dd=0;

end
%% %% %% %% %% Blue %%%%%%%%%%
if ((uint8(length(bboxBlue(;,1)))~=0)&&(e==1))
if (310<centBlueX)&&(centBlueX<330)&&(centBlueY>240)) % Go ahead

fwrite(s, FF','uchar’);
b=0;
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elseif ((330<centBlueX)&&(centBlueY>240)) % Go right
fwrite(s,'RR','uchar");
b=0;

elseif ((310>centBlueX)&&{centBlueY>240)) % Go left
fwrite(s,'LL', uchar’);
b=0;

end

else
b=1;

end

if (b==1)&&(mod(nFrame,10)==0)&&({e==1))

if (uint16(sum(sum(a1)))<10000)||(uint16(sum(sum(as)))>20000))% Go left
fwrite(s,'L','uchar");

elseif
((uint16(sum(sum(@1)))>20000)||((uint16(sum(sum(a1)))<10000)&&(uint16(sum(sum(a2)))
<3000))||((uint16(sum(sum(a1))>10000)&&(uint16(sum(sum(a3)))>10000))...

[|((uint16(sum(sum(a2)))<10000)&&(uint16(sum(sum(a3)))>15000))]|((uint16(sum(sum(al)

))<10000)&&{uint16(sum(sum(a2)))<10000)&&uint16(sum(sum(a3)))<10000)...
&&{uint16(sum(sum(ad)))<10000)&&{uint16(sum(sum(as)))>5000)))% Go right
fwrite(s, R','uchar’;

elseif((uint16(sum(sum(a1)))<10000)&&(uint16(sum(sum(a2)))<10000)&&(uint16(sum(su
m(a3)))<10000)&&(uint16(sum(sum(ad)))<10000))% Go ahead
fwrite(s, 7', 'uchar);
else
fwrite(s, F','uchar');
end

end



%% %%%%% %% %% Count the number of blobs %%%%%%%%% %%

vidin = step(htextinsBlue, vidin, uint8(length(bboxBlue(:,1))));

vidin = step(htextinsSum 1, vidin, uintl6(sum(sum(a1))));

vidin = step(htextinsSum2, vidln, uint16(sum(sum(a2))));
step(htextinsSum3, vidin, uint16(sum(sum(a3))));

step(htextinsSuma, vidin, uint16(sum(sum(ad))))

vidln

vidin

2

step(hVideoln, vidin); % Output video stream
if nFrame==50
b=1;

end

nFrame = nFrame+1;
if uint8(length(bboxBlack(:,1)))==0;
out=out+1;
else
out=0;
end
end
fwritels,'0', uchar);
fwrite(s,'0','uchar’);
fclose(s);
delete(s);

clear s;

%% Clearing Memory

release(hVideoln); % Release all memory and buffer used
release(vidDevice);

clear all;

clc;
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1.2 TAnA1dansaruaunaLAaidag ADUINO (MEGA)
/*
/* Brushed_H_Bridge_simple2 sketch
* commands from serial port control motor direction
* F,R or L set the direction, any other key stops the motors
*f
// H-Bridge input pins:
#include <Keypad.h>
const byte ROWS = 4; // Four rows
const byte COLS = 4; // Four columns
// Define the Keymap
char keys[ROWS][COLS] = {
1203, 'AL
{'4''5''6','B'},
{'7','8','9",'C"},
{™*.,'0'#','D"}
L
byte rowPins[ROWS] = {13, 12, 11, 10};
byte colPins[COLS] = {9, 8, 7, 2};
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );
const int in1Pin = 6; // digital pin 6 has a in1Pin attached to it. Give it a name
const int in2Pin = 5; // digital pin 5 has a in2Pin attached to it. Give it a name
// H-Bridge pins for second motor
const int in3Pin = 4; // digital pin 4 has a in3Pin attached to it. Give it a name
const int indPin = 3;; // digital pin 3 has a in4Pin attached to it. Give it a name
const int VPinl = AQ;
const int VPIn2 = Al;
const int pingPinl = A3;
int inPinl = AZ;
const int pingPin2 = A4,
int inPin2 = A5;
int val = 0;
int B=0 ;
static int A=0 ;
static int C=0;
static int D=1;
static int r=1 ;



static int gb=0 ;
static int t=0 ;
static Int tt=0 ;

static int count=0;

static int red=0;
static int f=1;

static int rou=0;

char k;

static int key;
int x1 = 0;
int x2 = 0;

int i=0;

int sw;

static int swc=1;

void setup()

{

}

Serial.begin(9600);// initialize serial communication at 9600 bit/s

pinMode(in1Pin, OUTPUT); // initialize digital pin 6 as an output.
pinMode(in2Pin, OUTPUT); // initialize digital pin 5 as an output.
pinMode(in3Pin, OUTPUT); // initialize digital pin 4 as an output.
pinMode(indPin, OUTPUT); // initialize digital pin 3 as an output.

pinMode(VPin1, OUTPUT);
pinMode(VPin2, OUTPUT);
//Switch

pinMode(52, INPUT);
pinMode(53, OUTPUT);
digitalWrite(53,HIGH);
digitalWrite(VPin1,HIGH);
digitalWrite(VPin2,HIGH);

unsigned long Sonic1()

{

long duration1, cmi;
pinMode(pingPin1, OUTPUT);
digitalWrite(pingPin1, LOW);
delayMicroseconds(2);
digitalWrite(pingPin1, HIGH);
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delayMicroseconds(5);
digitalWrite(pingPin1, LOW);
pinMode(InPin1, INPUT);
duration1 = pulseln(inPin1, HIGH);
cm1l = durationl/ 29 / 2;
return cmi;
}
unsigned long Sonic2()
{
long duration2, cm2;
pinMode(pingPin2, OUTPUT);
digitalWrite(pingPin2, LOW);
delayMicroseconds(2);
digitalWrite(pingPin2, HIGH);
delayMicroseconds(5);
digitalWrite(pingPin2, LOW);
pinMode(inPin2, INPUT);
duration2 = pulseln(inPin2, HIGH);
cm2 = duration2/ 29 / 2;
return cm2;
}
void loop()
{
if(swc==1)

{
sw=digitalRead(52);

k = keypad.getKey();

if (k)
{
key=k-'0";
B=1;
}
if (key==2)
{
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if((B==1)&&(sw==0))
{
swc=0;
if ( Serial.available())// check if data has been sent from the computer

{

char ch = Serial.read(); // read the most recent byte
i++;
if(i==3)
{
x1 = Sonic1();
x2 = Sonlc2():
if (x1<55)
{
//first motor
analogWrite(in1Pin,0);
analogWrite(in2Pin,255);
//second motor
analogWrite(in3Pin,0);
analogWrite(in4Pin,0);
D=0;
}
if(x2<55)
{
// first motor
analogWrite(in1Pin,0);
analogWrite(in2Pin,0);
//second motor
analogWrite(in3Pin,0);
analogWrite(in4Pin,255);
D=0;
}
if((x1>60)&&(x2>60))
{
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D=1;
}
i=0;
}
if((D==1)||(ch=="F")||(ch=="FF")||(ch=="r")||(ch=="0"))
{

if ((ch == "F)||(ch == 'FF)||(ch == 'FFF"))// give the motor turn forward
{
Serial.printin("CW");// print out the word that is “CW”
// first motor
analogWrite(in1Pin,0);
analogWrite(in2Pin,200);
//second motor
analogWrite(in3Pin,0);
analogWrite(in4Pin,165);
r=1;

else if ((ch == 'R)||(ch == 'RRY)||(ch == 'RRR"))//give the motor turn right
{
Serial.printin("Right");// print out the word that is “Right”
// first motor
analogWrite(in1Pin,0);
analogWrite(in2Pin,255);
//second motor
analogWrite(in3Pin,0);
analogWrite(in4Pin,0);
r=i;

else if ((ch == "L")||(ch == "LLY||(ch == 'LLL"))//give the motor turn left
{
Serial.printin("Left");// print out the word that is “Left”
// first motor
analogWrite(in1Pin,0);
analogWrite(in2Pin,0);
//second motor



analogWrite(in3Pin,0);
analogWrite(in4Pin,225);
r=1;

else if (ch=='0")

{
Serial.print("Stop motors");
digitalWrite(in1Pin,LOW);
digitalWrite(in2Pin,LOW);
digitalWrite(in3Pin,LOW);
digitalWrite(in4Pin,LOW);
B=0;
}
if (ch=='1")
{
red++;
}
if (red==1)
{
rou++;
Serial.end();
digitalWrite(in1Pin,LOW);

digitalWrite(in2Pin,LOW);
digitalWrite(in3Pin,LOW);
digitalWrite(in4Pin,LOW);
delay(3000);
red=0;
if (rou==key)
{
digitalWrite(in1Pin,LOW);
digitalWrite(in2Pin,LOW);
digitalWrite(in3Pin,LOW);
digitalWrite(in4Pin,LOW);
while(digitalRead(52)==0);
delay(3000);
t=1;



B=0;
}
Serial.begin(9600);
}
if(ch=="y")
{
Serial.end();
digitalWrite(in1Pin,LOW);
digitalWrite(in2Pin,LOW);
digitalWrite(in3Pin,LOW);
digitalWrite(in4Pin,LOW);
delay(3000);
tt=1;
B=0;
Serial.begin(9600);

}

}

}

if (t==1)

{
Serial.end();
analogWrite(in1Pin,255);
analogWrite(in2Pin,0);

analogWrite(in3Pin,0);
analogWrite(in4Pin,255);
delay(4300);
t=0;
B=1;
Serial.begin(9600);

}

if (tt==1)

{
Serial.end();
analogWrite(in1Pin,255);
analogWrite(in2Pin,0);



analogWrite(in3Pin,0);
analogWrite(in4Pin,255);
delay(4000);
digitalWrite(in1Pin,LOW);
digitalWrite(in2Pin,LOW);
digitalWrite(in3Pin,LOW);
digitalWrite(in4Pin,LOW);
tt=0;

B=0;

swc=1;
Serial.begin(9600);

void pwmSetup({//just run once at setup
TCCR2A = _BV(COM2A1) | _BV(COM2B1) | _BV(WGM20); //phase correct pwm
31250hz
TCCR2B = _BV(CS20);//change this as datasheet says to mainly get different
pwm frequencies
OCR2A = (;
OCR2B = 0;
}
long microsecondsToCentimeters(long microseconds)
{
// The speed of sound is 340 m/s or 29 microseconds per centimeter.
// The ping travels out and back, so to find the distance of the
// object we take half of the distance travelled.

return microseconds / 29 / 2;

}
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUP TO 46 V

= TOTAL DC CURRENT UPTO 4 A

= LOWSATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL 0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandardTTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enable or disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowersS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan extemalsensing resistor. Anadditional
supply input is provided so that the logic works at a
lower voltage.
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 \"
Vss Logic Supply Voltage % V
V), Ven Input and Enable Voltage —0.3t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
~DC Operation 2 A
Vsens Sensing Voltage -11t02.3 V
Prot Total Power Dissipation (Tcase = 75°C) 25 w
Top Junction Operating Temperature —251t0 130 °C
Tsig, Tj | Storage and Junction Temperature —40 to 150 o
PIN CONNECTIONS (top view)
/ —I_ Nt 15 ey CURRENT SENSING B
T BUTPUTH
'$‘ gl rr—— OUTPUT 3
1 E—
(A1 S— ENABLE B
10 "3 INPUT3
L“ . - T LOGIC SUPPLY VOLTAGE Vgg
HEEWARES, e s
s il I INPUT 2
6 [ ENABLEA
s—— > INPUT 1
4 "3 SUPPLY VOLTAGE Vs
$_ sE——3 OUTPUT 2
2> ‘outeuTid
\ |L -~ F—— CURRENT SENSING A
Z TABCONNECTED TOPIN 8 DS5IN2404
4
GND [ 1 20 ] GND
SenseA 4 2 19 [ SenseB
Ne —1 3 18 |1 ne
out1 1 4 17 ] Out4
outz2 [ 5 PowerSO20 15 ] outs
Vs 1 56 15 1 Input4
Input1 4 7 14 [ Enable B
Enable A [ 8 13 [ Input3
Input2 4 9 12 1 vss
GND [J 10 11 ] GND
DA5SIN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rthjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rihjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 ‘C/W

(*) Mounted on aluminum substrate
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