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The objective of this study is to develop a navigation system fora prototyped

shopping ' robot in .order to help disability shoppers’ in supermarkets. ‘We use

A* Algorithm theory to determine an optimal path which can maneuver the shopping

robot to its. destination-while avoiding obstacles’ shown-in the map. To test the

A* Algorithm, we. create a robet base with dc motors for the driving mechanism,

encoders at each wheel for velocity measurements, and a compass module for robot

direction measurement. REID check points are added. at pre-determined locations on

the map. They are used to check if the shopping robot has accomplished a certain

portion of the pre-determined path. All measurement data are sent to the

microcontroller to control both the speed and the direction of the shopping robot.
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1
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w? = wi + 2040

Wio we = AMUSUTUAY (L;"i-)
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a= e (5
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s ayuesmvasiasn ileiasdeiulidasalndoutilugeiiamaiidaanisldedrsgndes
uarluvmsfisardnedouslegludumanzdl RFD Wosayusuiminaadouiiiou RFID
sxiinsdelinaenlninfnty Wieneeasivaeuisaldifumandudumsiignies Tas
e Sunvziauuazdsianysranaradisalilasaoulnsaiass Arduino UNO R3
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RFID Compass Module
> Microcontroller
Drive Motor
Encoder Motor Left Motor Right Encoder
JU# 310 UNuAINMTYNINRauETRmNg
[
3.4 gunInl

- fuiulsey 1.0 pF

- AU 1.0 kQ

- UDLADINSEUANTITUIALAN 6.0 V
- Arduino UNO'R3
- IC \UB3F L293D

- Encoder Ua3n Op-Amp LM-393

- HMC5883L 3-Axis Digital Compass Module
- Regulator Luds LM-7805

- Module RFID RC-522,-S50 C Card, S50 IC Key

- 87U AA 1.2 V 1,900-mA
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3.4.1 Arduino UNO R3

lunvsuszuranavesfueuddrsmdeginisludeassndudn salaldsn

lulasmaulvnsaiaos Arduino UNO R3 lunisuszanana Ineassurisnsininuiifigenis
. v W € 2 1 o v & o o o o Il

uannludervuawesiolilaanudenudisenis wazsua1an RFID ATEVE T RIPTIRUEY

YUY

d = L7 €
AN 3.1 asuswaziduaveslulasreulvsaiass

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage <12 M

(recommended)

Input Voltage (limits) 6-20 V

Digital I/Q Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/O-Pin 40 mA

DC Current for 3,3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by boot
loader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed {16 MHz

3w Wi
Wi 13
WY B2
BREF [+ §1
wees Arduino w1

L o

NN

o
o
o8
%

o

g Inputyunia

Al n3

A%
Ad

EETETERTTERET]

(Lt
2

a5

5U 3.11 Arduino UNO R3 3Uf 3.12 Pin Arduino UNO R3
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JUM 3.13 ununwaedlilasreulnsaaes

3.4.2 DC Motors

myheuewesiiihnszuansiUsenoume wimdnn1as 2 12 298Yseninavnain

L

dnlvaaaniinzlasuisiulnianszuansedoulilunisiau Swimdn 2 9o o
u‘.’t 1 L Vo - @ W o L4 a o < v v o

Tuwivdnniiounu alndfuiiauswdntiu ildveaasdnihuyuwedeudls Wefinszud
Inarhudllusemesnszuanssazudsoandu 2 e fie dauiivieagtiudnlufivnain

1 . : ° § Ve " a & a = ' | o

awnuusivan (Field Coil) yialvilnauuuimdntu uavdndrundeagiuulasd Favaan
osmweHililAnaunuusiivin Miassaunsuintuvaedo funuauauiive sduuss
wiwdn wazaglifinisfiniu uiezdnauasiasuiu SuilriAaussdaluensuneed vildens

wiwpiyuaslumamutuanluluamungiiedroveanauiis (Fleming’s Left Hand Rule)

MImUANTIAMIINIIUYEY DC Motors 29smvRuilazUsynaulufmeanin avn
- 'Y s o 2 ¢
Adenmszannsnavaunstutemeiuuy Step Motor 1¢f Tnsagldiiu IC wes L293D

wansiazuil 3.14 ey Driver lunistunewes 2 ¢ [7)



0]

22

iesdudugunsaiflslunsdsdeidssswianariuna Tnvedeilunanilosia
o ¥ W . - - v o Vo
ansvuiy yenandilesdeaunsoltlunisveasuiiieowiiy waranmiiuaailassnilddu

PIN CONNECTIONS (Top view)
W/

ENamg i1 Y55
weury Iz INPUT &
oursut: fis UTRUT 4
GNC & GND

GND L3 GND
outeury fle oUTPLT 3
iNPYUTZ T INPUT 3
s 8 ENABLE 1

5.8%7

JUN 3.15 wsmupumstunenes
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3.4.3 19958ALTIAY

vawsflilulassnildliussiugalilisdaaundstouswiulimngan (1] fgu

3.16

=1

L7805
5 Volt
.- Vi+ Vo 3

A : GHD
2. :
s c1 c2

= Battery 7.2 Voit 2% 1 guf = 1.0uf

%: Ground

UM 3.16 9sanusadu 7.2 Vadu 5.0 v

3.4.5 Encoder

& v w & S e e Y g O 1 vy
Encoder Tuazlfifonsradumnumiinewelmedifefiazidildudigdseuy
d' d' o Vo &= l-'J s o = -]
AUAY (enaeyIvidIuaImesTimTNTImuninedmna 3 Inendnn1svinauees Encoder 9zvh
lnvaiedygruiadiulsfuasiiunismurssivemes laoidiguesesyimindidu

L it A w ¢ al iy a ol
gunsalnsavfudeduateenty lesiidaveunaruemaseziioumuiideadn Anog e

8/ 1
= s = =%

° = o ' : o v & a o v ow -
dudundouiiiudesrasunyuiasiliifanadinadu dewadnliselansianinua

WINAUIWa TR NS

AN 3.2 Aauaul® Encoder

Name Encoder Sensor Modute LM393

Use the chip LM-393

Power supply N

Communication modes Used in Motor Speed Detection, On the Radio-
Infrared Head

Measuring Output valid Signal is Low, Motor Speed

Size 32 mm X Wide 11 mm X High 20 mm

slot width 10 mm
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U#l 3.17 Encoder LM393

3.4.6 HMC5883L 3-Axis Digital Compass Module

151971 3.3 ArauTi HMC5883L 3-Axis Digital Compass Madule

HMC5883L Module (Three-Axis Magnetic Field

Name
Module)

Use the chip HMC5883L

Power supply 3V BV,

Communication modes Standard IIC Communication Protocol (3.3V ~ 5V
TTL)

Measuring range 1.3 - 8 Gauss

Size

14 mm x 13 mm

3U 3.18 HMC5883L 3-Axis Digital Compass Module
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A1597 3.4 msileusta Arduino UNO R3 iy Compass Module

Arduino UNO R3 HMC5883L
33N VCC
Analog 4 SDA
Analog 5 Sl
GND GND

3.4.7 RFID Module RC-522

lunsindeuilvesisonngmiduduludigamuisvateniaiy sxiinsiadga
asrvaoulussnihdduminisifunieiienssnsIsdeun MsaiAumandudumaiignse
Tauld RFID Module RC-522 Tumaidugansavaey tnaldlniduvunn 8.3 v iieldluns
vinu Tnefida REID Modale RC-522 wﬁmﬁ”’eag'ﬁﬁﬁn Jlodsedwu Tag axdanisli

; -
viaon lniuansan s laty

5 £
3§§;"”§
G i
5§§§§§§5
| BEEEEEEY
2c D 24| SDANSSRX
4 P-mn‘% 23] ira
ovoo |2 22| oscout
piss [4) (@1] oscm
pvss [ 5) i (@o] auxz
nrstep [ e) (s8] aux1
ME | 7Y (ig] avss
MFOUT Es_) (17] mx
FERAEEEE
-8 oy a
GIFEEIET com
Transparent 1op view
5U#l 3.19 RFID RC522,550 IC Card, $50.IC Key 3U 3.20 MFRC522

' i 1al 4 & "W w oY oo 8 = '
ILBLYDINITEWAIIOYN 0 - 60 mm Faazuegiuuswiu illedvsiinarosses
18138 WA usiiIulgeiiui S50 IC Card fsvsrarnuguildgeanls 25 mm Yai

é 1 &
2.nauneuls 10 mm
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3.6.2 Mmsvisulsunuldlunisaaupudasavusudimia
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3.6.3 naUsulusunsulddwsu Compass Module
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A1ARNUIN N

Code A* Algorithm

% clear variables
clear

clec

% Input Start & Stop

figure

startX=3; startY=13;

targetX=44; targetY=15;

% Create variables

newOpenListitemID = 0; parentXval'= 0; parentYval = 0;

m =0; u = 0; v =0; temp =.0; camer = 0;

numberOfOpenListiterms =.0; addedGCost ='0; tempGCost = 0; path =.0;

% Variables used as constants

walkable = 1;

onOpenList = T,

curve ='2;

onClosedList = 8; unwalkable = 8; checkPaint = 5;

checkPointSpace = 5; checkPointcarnerll = 2; checkPointeornerill = 3;
sameUnwalkable = 22; neighborUnwalk = sameUnwalkable;

found = 1; nonexistent = 7;

% Impaort map form Excel

whichList2 = xlsread (‘E:\2556 4_2\project\29101 3\Ecc.xlsx, ROOMY):

% Rotate data of map

whichList = rot90(whichList2,1);

whichListOrigi = whichList;

% Find mapsize

mapWidth = size(whichList, 1);

mapHeight = size(whichList, 2);

% Display map

createMap_2(mapWidth,mapHeight)

% Show map obstacle

[ whichList ] = showObstacle(
mapWidth,mapHeight,unwalkabke,whichList.D,neighborUnwalk,checkPoint,c_heckPointcornerll,checkPointcomerlII x
% Show Start & Stop

test_str( startX startY )

test_stp( targetX targetY )

% Record checkpoint

[ k.checkpointX,checkpointY ] = recordCheckpoint(
mapWidth,mapHeight,checkPoint,checkPointcornerll,checkPointcomerlll whichList );
% Find same unwaikable

[ whichList ] = findSameUnwalkable(
mapWidth,mapHeEght.k,whichList.neighborUnwalk,unwalkable.checkPoint,checkPointcorneriI,checkPointcemerIli,sa
meUnwalkable,checkpointX,checkpointY );

% Find new targe out of obstacle

[ targetX_1,targetY 1whichList,targetX,targetY ] = findTargetOutOfObstacle(
whichList,targetX,targetY,unwalkable,D,checkPoint,checkPointcomerlI,checkPointcomerllI,sameUnwa{kable,neighbor
Unwalk );



parentX = zeros(mapWidth,mapHeight); % 2D array stores x coord of parent for every cell

parentY = zeros(mapWidth,mapHeight); % 2D array stores y coord of parent for every cell
Geost = zeros(mapWidth,mapHeight); % 2D array stores G cost of each cell

Hcost = zeros(1,mapWidth*mapHeight); % 1D array stores H cost of open cell list
pathlength = 0; % Will store pathlength

% Check if start and finish coordinates are the same
if ( (startX == targetX) && (startY == targetY) )
disp('Start and finish positions are the same’);
return;
end
% Add starting position to the open list
numberOfOpenListitems = 1;
openList(1) = 1;
openX(1) = startX;
openY(1) = startY;
% If checkpoint same start
if ( (whichList(startX,startY) == checkPaint) |- (whichList(startX;starty) == checkPointcorherll)|
(whichList(startX,start) == checkPointcornerlll) )
checkPointStrX = startX;
checkPointStrY = startY:
else
checkPointStrx'= 0;
checkPointStryY = 0;
end
% If checkpoint-same stop
if ( (whichList(targetXtargetY) == checkPoint) || (whichList(targetX;targetY) == _checkPointcomerll)|
(whichList{targetX;targetY) == checkPointcornerlil))
checkPointStpX = targetX;
checkPointStpY = targetY;
else
checkPointStpX = 0;
checkPointStpY = 0;
end
% Counter used for printing
i=1;
% Create an inifinite loop (until goal isreached or defined unreachable
while (1)

% Check if there are any members in the open list
if (numberOfOpenListitems ~= 0)
% Get the values of the first item in the list into current vals
parentXval = openX(openList(1));
parentYval = openY(openList(1));
% set the coordinate to closed list
whichList(parentXval, parentYval) = onClosedList;
% Print out current position being analysed
it
% Draw current position in blue

43

if ( ~((parentXval == startX) && (parentYval == startY) [| (parentXval == targetX) && (parentYval == targetY)) )

% Show current (Blue)
test_parent( parentXval,parentYval targetX,targetY )



end

% ## List sorting ##
% Put last element into the slot of first one
openlList(1) = openList(numberOfOpenListitems);

% Remove the first element from the open list
numberOfOpenListiterns = numberOfOpenListitems - 1

% Make a copy of open list excluding first element
tempOpenList = openList(1:numberOfOpenListitems);

% Clear openlList
clear openList;

% Assign tempOpenList'to openList, elear temp one
openList = ternpOpenList;
clear tempOpenList;
LV 38 ks
% Put the item into it's appropriate slot by locking at the Fcost
while (1)
=iy,
% If both children exist
if (2*u+1 <= numberOfOpenListiters)
% Check if F cost of the parentis greater than each child
% Then.select the lowest of the two children
if (Feost{openList(u)) >= Fcost(openList(z*u))
V.= 2"y
end
if (FEost(openList(v)) >= Fcost(opentist(2*u+1)))
v = 2%+l
end
% If only 1'child exists
elseif (Z*u <= numberQfOpenListitems)
% Checkiif F.cost of the parent s greater than child
if (Fcost{openList{u)) >= Feost(openList(2*w))
v = 2%y;
end
end

% If parent's F is larger than one of its children, swap them
if (u ~=v)
temp = openList{u);
openList(u) = openList(v);
openListlv) = temp;
% Otherwise - break out of the loop
else
break;
end
end



% Check the neighbouring squares
for a=(parentXval-1)(parentXval+1)

for b=(parentYval-1):(parent¥val+1)

% Check if it is within bounds of a map

if ((a>0) && (b > 0) && (a <= mapWidth) && (b <= mapHeight) && ( (a==(parentXval)) ||
(b==(parentYval)) ))

if (whichList(a,b) ~= onClosedList)

% Check if not on closed list
if (whichList(a,b) ~= onClosedList)

% Check.if not'an obstacle
if ( (whichList(a,b) ~= unwalkable) && (whichList(a,b) ~=neighborUnwalk) &8 (whichList(a,b) ~=
sameUnwalkable) )

corner = walkable;

% Corner detection to prevent cutting
if (3 =="parentXval-1)
if (b == parentyval-1)
if ((whichList(parentXval-1,parentyval) == Unwalkable) s..
(whichList{parentXval,parentYval-1) == unwalkable) s
{whichList{parentXval-1,parentYval) == sameUnwalkable ) || ...
(whichList(parentXval,parentYval-1) == sameUnwalkable) )
comer = unwatkable;
end
elseif (b == parentYval+1)
if-( (whichList(parentXval,parentYval#1) == unwalkable) []es
(whichList(parentXval-1,parentYval}== unwalkabte)| ...
{whichList{parentXval parentYval+1) == sameUnwalkable) If
(whichList{parentXval-1,parentYval) == samelUnwalkable) )
corner = unwatkable;
end

end
elseif (a == parentXval+1)
if (b == parentYval-1)
if ( (whichList(parentXval,parentYval-1) == Unwalkable) s
(whichList(parentXval+1,parentYval) == unwalkable) i
(whichList(parentXval,parentYval-1) == sameUnwalkable) | s
(whichList(parentXval+1,parentYval) == sameUnwalkable) )
corner = unwalkable;
end
elseif (b == parentYval+1)
if ( (whichList(parentXval+1,parentYval) == unwalkable) || ...
(whichList(parentXval,parentYval+1) == unwalkable) || ...
(whichList(parentXval+1,parentYval) == sameUnwalkable) |
(whichList(parentXval,parentYval+1) == sameUnwalkable) )
corner = unwalkable;
end
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end
end

% If corner is walkable
if (corner == walkable)
% If not on the open list, add it
if (whichList(a,b) ~= onOpenlList)
% Create a new open list item
newOpenListitemID = newOpenListitemID + 1;
m = numberOfOpenListitems + 1;
openList(m) = newOpenListitemID;
openX(newOpenListitemID) = a;
openY(newOpenListitemiD) =b;

if {whichList (a,b) == checkPoint ) || (whichList (a,b) == checkPointcomerll ) [| (whichList
(a,b) == checkPointcornerlll ) :
neighbor_checkPaintX(Z) = a;
neighbor_checkPointY(Z) = b;
ZEZ+];
end

if (whichList (a,b) ~= checkPaint ) && (whichList (a,b) == checkPaintcomerll ) &&
(whichList (a,b) ~= checkPaintcornerlll )
% Draw current position in yellow
if ( ~((a == startX) £& (b == startY) || (a #= targetX) && (b == targetY)) )

9%, Show neighbor (yellow)
test_neighbor2(a, b,startX startY)
pause (0.01)
end
end
% Calculate.its G cost
if ( (abs(a - parentXval) == 1) && (abs(b = parentYval) == 1))
addedGCost = 14;
else
addedGCost =10;
end
% Update Gcost map:
Geost(a,b) = Geost(parentXval,parentYval) + addedGCost:

% Get H and F costs and parent
Hcost{openList(m)) = 10*(abs(a - targetX) + abs(b - targetY));
Feost(openList(m)) = Geost(a,b) + Heost(openListim));
parentX(a,b) = parentXval;
parentY(a,b) = parentYval;
% Listing
while (m ~= 1)
% Check if child's F cost < parent’s F cost. If so, swap them
if (Fcost{openlList(m)) <= Fcost(openList(round(m/2))))
temp = openList(round(m/2));



openList(round(m/2)) = openList(m);
openList(m) = temp;
m = round(m/2);
else
break;
end
end
% Increment openlist items
numberOfOpenListitems = numberOfOpenListitems + 1;
% Change current node into open list
whichList(a,b) = onOpenList;
end
else
fprintf(‘%d: Cornerfound, walking arounditan', 1%
i =i41;
end

end
else % if whichList(a,b) = onOpenList

% Calculate its G cost

if ( (abs(a = parentXval) ==1) && (abs(b - parentYval) == 1) )
addedGCest = 14;

else
addedGCost = 10;

end

tempGcost = GeostparentXval,parentYval) + addedGCost;

% If this path is shorter, change Geost, Feost and the parent cell
if (tempGeost < Geost(a,b)),

parentX(a,b) = parentXval;

parentY(a,b)=parentYval;

Geost(a,b) =tempGedst;

9% Changing.G cost alsochanges F cost, sothe open list has to be updated and reordered
% Look for item
for x=1:numberQfOpenListiterns,
% Identify the item
if ( (openX{openListix)) == a) && (openY(opentist{x)).== b) )
% Change F cost
FeostlopenList(x)) = Geost(a,b) + Hcost(openList(x)):
% Reorder the list if needed
= %
while (m ~= 1)
% If child < parent, swap them
if (Fcost(openList{m)) < Fcost(openList(round(m/2))))
temp = openList(round(m/2));
openList{round(m/2)) = openList(m);
openList(m) = temp;
m = round(m/2);
else
break;



end
end
% Exit the lcop when found
break;
end
end
end
end
end
end
end
end
% If open list is empty
else
path = nonexistent;
break;
end
% If target is added to cpen list, path has been found
if (whichList{targetX targetY) == onOpenList)
path = found;
break;
end
end
% If path was found
if (path == folrd)
pathLength = 0;
9% Backtrack the path using parents
pathX = targetX;
pathY = tareety;
% Print out backtracking
fprintf('%d. Backtracing to find'the shortestroute \n', i);
i=i+1;
% Loop until starting position.is.reached
while(1)
% Lookup parent of current cell
tempx = parentX(pathX,pathY);
pathY = parentY(pathX pathY);
pathX = tempx;
% Draw return path in magenta
if ( ~((pathX == startX) && (pathY == startY) || (pathX == targetX) && (pathY == targetY)) )
test_path( pathX,pathY)
pause(0.05);
%nav_drawCurrPos(figHandle, pathX, pathY, 'm', objMap);
end
% Get the length
pathLensth = pathLength + 1;

% If starting position reached, break out of the loop
if ( (pathX == startX) && (pathY == startY) )

break;
end



fiprintf('%d. Shortest route is shown in magenta. Total length: %d steps \n', i, pathLength);
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Code Arduino

// Reference the 12C Library

#include <Wire.h>

// Reference the HMC5883L Compass Library
#include <HMC5883L.h>

#define encoderOPinA 2

#define encoder1PinA 3

#include <SPLh>

#define uchar  unsigned char

#define uint unsigned int

//Maximum length of the array

#define MAX_LEN 16

HMC5883L compass,

double disAlll] = {50,69,0}, typel]l = {1,211};
int error = 0,disError = 0,target;

volatile long encoder0Pos = 0} long encoder1Pes = 0;
long j=0;

int IN1 = 4,/ENT = 5, IN2 = 7, INd = 8 EN2'= 6, IN5 = 9, degreeSetpoint, PV,

long time2 = 0;:

int timeCurve = 0;

void setup()

{
Serial.begin(9600);
/7 ¥ mioter # encoder*** ¥/

pinMode(IN1,0UTPUTpinModelIN2,0UTRUT)pinMode(INa OUTPUT);pinModeliNG OUTPUT):
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pinMode(EN1,0UT PUT);plﬂMode(EN2.0UTPUT);pinMode(encoder0PinA, INPUT); pinMode(encoder1PinA, INPUT);

attachinterrupt(0; doEncoderMotor0, CHANGE);
attachinterrupt(1, doEncoderMotorl; CHANGE);

/" *HMC5883L Compass™ e t*+//
Serial.println("Starting the 12€ interface.”;
Wire begin(); // Start the |12€ interface.
Serial.println(*Constructing new HMC5883L");

compass = HMC5883L(); // Constriict.a new-HMC5883 compass,

Serial.println("Setting scale to +/- 1.3 Ga");

error = compass.SetScale(1.3); // Set the scale of the compass.

if(error 1= 0) // If there is an error, print it out.
Serial.println(compass.GetErrorText(error));

Serial.println("Setting measurement mode to continous.");
error = compass.SetMeasurementMode(Measurement Continuous); // Set the measurement mode to

Continuous
ifterror |=0) // If there is an error, print it out.
Serial.println(compass.GetErrorText(error));

}

// Our main program loop.

void loop()

{



target = disAll[j];
disError = target-encoderOPos;
float disL = encoderOPos, disR = encoder1Pos;
int casei = typelj];
// Retrive the raw values from the compass (not scaled).
MagnetometerRaw raw = compass.ReadRawAxis();
// Retrived the scaled values from the compass (scaled to the configured scale).
MagnetometerScaled scaled = compass.ReadScaledAxis():
// Values are accessed like so:
int MilliGauss_OnThe XAxis = scaled.XAxis;// (or YAxis, or ZAxis)
// Calculate heading when the magnetometer is level, then correct for signs of axis.
float heading = atan2(scaled.YAxis, scaled.XAxis);
float declinationAngle = 0.0457;
heading += declinationAnsle;
// Correct for when signs are reversed.
if(heading < 0)
heading += 2*PI;
// Check for wrap due to addition of dectination:
iftheading > 2*PI)
heading -= 2*P|;
// Convert radians to degrees for readability.
float headingDegrees = heading * 180/M_PI;
// Output the data via the serial port.
Output(raw, scaled, heading, headingDegrees);
long time ="millis();
// Record degree's robot
if (time <= 2000)
{
degreeSetpoint = headingDegrees;
Serial.print ( "degreeSetpoint =");
Serial.print ( degreeSetpoint );
}
else
{
/f Forward
if (casei == 1)
{
PV = headingDegrees;
analogWrite(EN1,(170)); digitalWritelIN1; HIGH); digitalWrite(iNZ; LOW);
analogWrite(EN2,(150)); digitalWrite(IN4, HIGH); digitalWrite(IN5, LOW);
if (PV < degreeSetpoint-1)
{
analogWrite(EN1,(170%1.1)); digitalWrite(IN1, HIGH); digitalWrite(IN2, LOW):
analogWrite(EN2,(150)); digitalWrite(IN4, HIGH); digitalWrite(IN5, LOW);
}
else if (PV > degreeSetpoint+1)
{
analogWrite(EN1,(170));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,150*1.1);



digitalWrite(INd, HIGH);
digitalWrite(IN5, LOW);

i

else

{
analogWrite(EN1,(170));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,150);
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);

}
// Turn Right
else if(casei == 2 )
{
if ((millis(-time2) >="3500/9 ) {
time2 = millis();
timeCurve = timeCurve # 1 ;
Serialprint ( " timeCurve = " )
Serial.print ( timeCurve );
degreeSetpoint = degreeSetpoint+10 ;
if (degreeSetpoint > 360)
{
degreeSetpaint = degreeSetpoint-360;
}
else if (degreeSetpoint < 0)
{
degreeSetpaint = degreeSetpoint+ 360;
}

PV = headingDegrees;
analogWiite(ENT,(200));
digitalWrite(IN 1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,(100));
digitalWrite(INd, HIGH);
digitalWrite(IN5, LOW);

if (PV < degreeSetpoint-1)

{
analogWrite(EN1,(200*1.1));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,(100));
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);

}
else if (PV > degreeSetpoint+1)

{
analogWrite(EN1,(200));
digitalWrite(IN1, HIGH);



digitalWrite(IN2, LOW);
analogWrite(EN2,100*1.1);
digitalWrite(INd, HIGH);
digitalWrite(IN5, LOW);

}

else

{
analogWrite(EN1,(20));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,100);
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);

}
// Turn Left
else
{
if ((millis()-time2) >= 3800/9) {
time2 = millis();
timeCurve = timeCurve + 1 ;
Serial.print (" timeCurve = * );
Serial.print ( timeCurve );
degreeSetpoint = degreeSetpoint-10';
if (degreeSetpoint > 360)
{
degreeSetpoint = degreeSetpoint-360;
}
else if (degreeSetpoint < 0)
{
degreeSetpoint = degreeSetpaint+ 360;
}

PV = headingDegrees;
analogWrite(EN1,(120));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,(140));
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);

if (PV < degreeSetpoint-1)

{
analogWrite(EN1,(120*1.1));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,(140));
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);
Serial.print ("C1 ")

}
else if (PV > degreeSetpoint+1)



}

analogWrite (EN1,(110));
digitalWrite (IN1, HIGH);
digitalWrite (IN2, LOW);
analogWrite(EN2,140*1.1);
digitalWrite(INd, HIGH);
digitalWrite(IN5, LOW);
Serial.print ("C2" )

}

else

{
analogWrite(EN1,(120));
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
analogWrite(EN2,140);
digitalWrite(IN4, HIGH);
digitalWrite(IN5, LOW);
Serial.print (" C3 " );

if (disError <=-0)

{

}

Jag

encoderOPos = 0; encoderiPos = 0;

target = disAW[j];

/I Stop
if (target == 0)

{
digitalWrite(EN1,0%
digitalWrite(IN1, LOW);
digitalWrite(IN2, LOW);
digitalWrite(EN2,0);
digitalWrite(INd, LOW);
digitalWrite(IN5, LOW);
Serial.print (" step " );

}

//digitalWrite(EN1,0);

//digitalWrite(EN2,0);

if (timeCurve > 9)

{

timeCurve = 0;
digitalWrite(EN1,0);
digitalWrite(IN1, LOW);
digitalWrite(IN2, LOW);
Serial.print ( "Time Stop" );
digitalWrite(EN2,0);
digitalWrite(IN4, LOW);
digitalWrite(IN5, LOW);
Serial.print (" stop " );
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void Output(Ma eterRaw raw, mmmmwmmmmmww@gm

Serlal piint ( “degreeSetpoint = *
mmmidegreeswm}:mmmt' E%
Serial.print(PV);
 Serialprintn(” Degrees \*);
void doEncoderMotor0()
if (digitalRead(encoderOPinA) == HIGH) {
encoder0OPos = encoderOPos + 1;
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