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ABSTRACT

The aim of this research is to develop 3-axis computer numerical control machine
(CNQ) in the class to 4-axis CNC. Workspiece holder is on the added axis. Moreover, the
motor drive and processing software for connection between command receiver and

motor controller are developed for new hardware.
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(Forward Breaking ) (Forward motoring)

.
-

HyUNTUMA WINNEUMA

(Reverse motoring) (Reverse motoring)
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V,=E, +R,i, (2.8)

Toed k, =k, - ¢, uag ke =k, -4,

a 1 < ::l' T A
LAZANNFUNIIN 2.6 - 2.8 LA UITONIANANINLIIBU @, "V]ﬁﬂ’]’l%@% U

nswamsau v, wasiduilantuves T, awldaunisi 2.9

o =1/K.V,—(R,/K) T, ] (2.9)

Wy
= Tem = Kt.Ia
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Vi1| Via| Vi3 |Vial | Vis

> D),

MNNA

[

JUN 2.8 aadnwarvetsadn - Asseu V, >V, >V, >V, Taehl V;, Aeussiulnihiifidn



12
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(Per unit quantities )
A
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> a)m
AU

(Per unit quantities )
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2.2.3 wiheUszaiana
lulasneulnsatae$ (Microcontroller) Ao gunsaiuszIANansAsithfisIuT
Handunisvineunieg Maeludivesdues lneillassaiislndlAssiuasuiames As aelu
Uszneufonheiudeyauazlusunsy nuisUszuana miea1udi nitsuanna o
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TUsunsumuANnsyinuYagUnsalineg Adeusaiuiiiu dedenistiluussendly

Ul 2.15 gUnanIUesn ET-EASY168 STAMP

ET-EASY168 STAMP Wuvesalulasnaulvsiaos.unszna AVRS wLEnd nedl
PNATBIVBIATRET 2cm x Scm Wit Fsrunavesauszanawiiusidedled 28 DIP 300 Tae
donltlulasmoulnsiaesnszga AVRS wos ATmegal68 vy ATMEL «Ju MCU Uszdtvesa lag
Fonld MCU Aiflsusrefdauuy 32 TQFP niounsassouueniidiueens Oscillator wag Reset
sull3seneluvede uonaniudrnelusiveindsldsiueled USB Bridee w89 FTDI lwes
FT232R \isldRnsedeansuuueynsudie RS232 fuasufiames PC imuynawesn USB Iilagnse

lvuesn ET-EASY168 STAMP \Juvesanaaewwuiadnfifisundeulusineas
fuguiisndudemsldrululasnoulnsianinsena AVRS agnauria3s tissusiFouats USB 210
wodn USB vouAsesnauiimes PC fudh USB votuadn ET-EASY168  STAMP faunsayn

AMsguluswnsy wag Download Code Ty MCU wiaynnisnaaaslaviud
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AaNURAYraUaIn

- \@enld MCU mszna AVRS Lo ATmega168 483 ATMEL Run A1siA 16.00 MHz

O dniawaudn Flash dusul@eulisunsy 16 Kbyte arlgniswaunlusunsy
KIUSTUU AVRISP w38 14 Kbyte  wleldniswauilusunsusiussuy Boot
Loader RS232
O 3 SRAM T991urua 1 Kbyte wag EEPROM ldauaunn 512 Byte
0 i1 GPIO Tgaudnuau 22 On
® Digital GPIO 971U 14 Ua
® Analog Input (ADC) aunAsaztdun 10 U 91u2U 8 Po4

- Waoutuusssuliassuun +5v0C ngldlaafuundsdne +5VDC/500mA  a7n
WosM USB uazannuwnasdng +5vDC a1nnngusnlanie wisu LED  Power Lang
ANULVDILNAITY

- $17993 External Reset uU RC Reset taz Switch Reset wiaungluvein

- dhdeldaumeauu Pin Header svegwa 2,56 mm (100 mi) wu1a 28 Pin (Fnu
ag 14 Pin) 58819 600 mil (1.5 cm) Swsenisinludeussendldau wazvens
2995 I/0 @1unsaleniu Project Board Way PCB lounUsyasalalnadie

- {idhste USB dmsuidousedeansiuneuiimes PC ru USB Bridge e FTDI Ty
sUnuvIesMsADanseynsy RS232 dmsuldudeasuas Download Code iy
MCU meluvssansallisosnisldnisiaulusunsuniunig Boot Loader

- I LED uansanuy lnasanu PB5 w89 AVR (Digital-13 w89 Arduino Project)

dwiuldilugunsalneasanisviauedieding

2.2.4 Wau3ad
\Hhnasiliduiduemeslaslulassnuiliuesndniaguves ETT §u ET-OPTO
DC MOTOR DRIVER 6-24V W121105usana@luy 19U 91uua lwas RFP50N06 wu1n 60 V / 50 A

U3 4 67 Tun1sldu uKRsAuansgun 2.16
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g‘uﬁ 2.16 UH9I9ATNAUIAT JU ET-OPTO DC MOTOR DRIVER 6-24V

A15197 2.1 N5as foyey1smauAy DC MOTOR

ENA/PWM DIR1 DIR2 STATUS DC MOTOR
0 X X SLOW STOP
1 0 0 SLOW STOP
1 0 1 ROTATE RIGHT
1 1 0 ROTATE LEFT
1 1 1 FAST STO[
N13Y1191UVDI299T

\ilo ENA = 0 agliaulaan1izues DIR 1 uag DIR 2 vl OPTO via 4 dlavieu Falal
fussiululudaliifunn Gate vosmpawa v 4 i vilvuoawaliviieu vewwesiaglinyunie
fmyuegfveneaLuy SLOW

e ENA = 1 @ DIR 1 uag DIR 2 = 0 Wi awildnuagmsvisnumieududeuluusn

o ENA = 1 @ DR 1 = 0 ,DIR 2 = 1 9zl OPTO §fi 1 fu 4 vhau dausafl 2
wae 3 livhanu dewalifiuseiuludaiion GATE ves Q1 uay Q4 vilfueaagi ON fnszudlua

991 Q1 WU DC MOTOR A3UAsT Q4 8305196 vinbiuenasuyuedn (anudy)
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o ENA = 1 @ DIR 1 = 0,DIR 2 = 0 9291k OPTO §afi 2 fU 3 ¥a1u dausadi 1
way ¢ ldviau dawaliidussiuludaiinn GATE 909 Q2 ua Q3 ﬁﬂﬁmaaLWa@ﬁ ON finsgualva
911 Q2 #1 DC MOTOR AsU2457 Q3 aans1d vilviueinesvsudne (muidy)

o ENA = 1@WDIR 1 = 1 ,DIR 2 = 1 9291k OPTO §fi 3 U 4 va1u dausai 1
way 2liviay dealitiusaiuludadion GATE vee Q3 uaz Q4 v‘iﬂﬁmaaLWa@jﬁ ON fanseuai

i@kt DC MOTOR agasns1inviuil vivlvineinas STOP wuu FAST fie wgnviudl

9

8 % A
10 2C
N74HC08 560
6

7 s B

i o
1 /741504 12 11
) SN74HC08 L4 1D

SN74HC08

12

741504
13

gz/‘ﬂ g
PC817

560 10
560 ;; PC817 10
+5v

R
o [DIR2

560

L 4
i

PC817

(o]

ENA

1N4148

SW-L

10K

2.3 &n3

10K

sUN
Y

SN74HC08
+5v

47K

Control PWM

100K

1K

47K 1N4148

1oonF ]

w
w
i
PAl
220uF

wawl—\

47K:

U'I’@\lw

470

100nF Tfoonf]

T 2200F

v

2.17 20as9ildmIuAn DC MOTOR fhemnosueaa

ang (Screw) e aunsalntrelunsulainisidoufiuuuidaudunsiafounuuud

LEUUDAATDITOUT NAROUNVDILNUDATEDE19UDE 3 WNUMIETY B X, Y way Z lnadiduindau

Tusazunundouiilavglduawes lnemilvluesosdiaudagldansey 2 uuu fe

- @n3U (Lead screw)

- UDRANg (Ball screw)
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angu ddeide Ao AAnuiaun nsgiinsdeadiusenindavgvestondudeiuums
ndg7 wilted Ao s1Afign ewdludymmuanutaifisvuluansdt Islaimdnnisvendu
antuuild eetdnengnludimdnunng  wildsswhundeiuilenduile  waleiitliuesang

annsaunlvdaymvesansiilavionun udlisiaireudiees

Nut (moving part)

Acme thread lead screw

5UN 2.18 fegaangii

Uszinnuaduaaang

veaang umwandulldudseneunan 2 dw Ae wwannded (Shaft) waz saugniu
(Nut) Bsdidingniunan (Bal) Wushiuimdnuarasusadeaniu ifof Ao aunsondaniuai
foensle Tawuszneuteslidudou warlinnuulasmumu aunsauvsveaansliesnidu 2
wilanane Ae

Ugadn3uuu3a (Rolled ball screw) w@nlnanissamateonundundes daunsondals

Aruasden vizormuAnieu (Lead Error) lussfuviluazazaranlumuninuen uagdiuou
pdsfiin Fodunn Ao Aduveuwaundererifendng uavdisvuondt veaangwiaiivans
dmunsdaindmielsifosnisanuiieanssgs Insazdsagnniiuazsdnlimiiniy
yaan3LUULYs (Grounded or precision ball screw) wanlagnTwaIAYULTILE
(Case hardening) 1idssnsds TasanunsamuaumadesiilimnuaziBonnueudonis 4
AaruRadisuiiinty  avedlutamils  warliasaumiloutunuuin  Vilinedmivaud

ABINTTAUALLBUAGN LU 1ATBY CNC / NC Uaghpadananynase
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2
2
E
=
7]
ox

5UN 2.19 dreeaueaang



uni 3

N139NLUVLAZNITNINIUVDITSUU

1% a4 a8 adwe £
3.1 1A39a319909LAT0 BTN MUY
Tulpssuilivinnisiiusnuliiuesesdidudnldaueguandu 4 wnu lnsueadang
Jumanduuazliddweslalusmdusinauaunisyinumeaeuiiunes nglasiasnwesssuy

Navuafawandlugun 3.1

5UT 3.1 lasaasnalngsaamaszuy

3.2 Adaslauanes wazieulaninas
Tulasssuilldnguawmosouin 12 V 30 W lnsdioulAanesiida 1,000 Wad Ao 50U
Inglmianiieusia (Coupling) Menatainndsdusuiietsnduunuwaiiuuueaany vu1n 10

Uy, szEEiin 4 1y, WeTUWNUVBITIOUTN 4 wnu dauanslugui 3.2 -3.5
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5UN 3.2 figeinesinu X

UM 3.3 figuewmaiunu Y
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JUN 3.5 Adueinesiardiudugunurasunuiiiagy

3.3 Aduindauuny
Tulassnuillddmduinfounnunuuueaans duinlinisindeuiveudazinuiining

avlduangularilAnnuianaIafidosad
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SUN 3.7 s5UUTI 4 uny

3.4 YAUKIAIUANTEUY
YAUNIAIUANTEUUNITIIUYTENBUMIY N15TUdaya’a1nlUsiATa CNC 91N
ADNNIMDS PC Hiunenesnautu wedsdygraluivlulasreulnsaiaessudygyraiimn

Uszananalfisuiudygunneulannes nanldduludygraiadiauegadu (Pulse  width
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modulation, PWM) lituueianausadueamatuweslisewesyu svezneilagndeunduse

v s Y o Y a & A v o ! P
L'ETNI?’WfﬂL@I@iLLaﬂuquqﬂigmjaNﬁ"ﬁq@ﬂﬂiﬂLW@Imﬂﬂ'}LLWUQWWNWLﬂi@Q PC igu

PULSE PULSE PWM

I I I DG Target

Y MICRO ‘ -
PC > > Controller » F-Bridge MOTOR >
ENCODER
A— B PHASE

5UN 3.8 laezunsumsinuvesidiweshwames

Y

3UN 3.9 Iaideusiasudauain PC menainUumes

q
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[

U 3.10 YaeudoSudaaaneulAnmesiay PC

JUN 3.11 UKI9RTVITTUY



uni 4

N1INAADILLASNANTIINAA DN

1AVIN15NAA0UATDITEUT 4 LNUARUITUAIENITAATUUY TABISUAINDDNLUUTUIIY
nsosnsinlulusunsuledniesa Jafuuidonunduminuingn wazyinduniinisiawes
Funuialilaten (G code) warinasInN1sIUYILEUNIITlunIseassvadlasIull 91Nty

lAnazgnasludalusunsuniuauiaIed CNC fegud 4.1

JUN 4.1 WIKNTUAIUANLATOITOUT 4 unu

4' 44' [ Y] a o | o v o
LN@IU?LLﬂiMﬂ?‘UV’]NLﬂi@Q CNC 1@Lﬁu‘Vl'Nﬂ']i'JQGU'E]Q@ﬂﬂﬂ@"ﬂgaﬂﬁlmﬁyﬂmﬂﬂUﬂmiﬂﬂU

¢ A o

Lulpsreulnsaaesiedsliiweihmaweidunfsulnuuaadanyia 4 unu laedieulAnnesnoy
n31deUTsurNAnAlAaInLAULWaILToNsoi U (Coupling) dvdeyqiainduunds

TulAsARUINTALaD5L iU L UIANAA LN UINTINUTZ IS ANANILI91NATEY PC AULATUIIUAINN LS

aanuuul
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i

JUN 4.3 Juaunleanniseeniuy



Ui 5

unagy

lassnmsdeidunsiauiesedidud 3 unuildlunisseunisaeueglutagiulniy

P30IBEUTUUY 4 uwnu tnswnuiliisduddiuduivauegie  vilanusadagunulugunss

[
av A

g 1 dwsudagminulunsiilassnuideiidudgmanssuunalnluduvesszuudouse
(Coupling) lassnsillémanainndatugUlaifinnstiangu vilvumunauasunuuowoslildaud
fnadenisdstdsludaunuimarvildiinivandideldasi wumudledwiunsdidie Wasu
szvuldonsaidunvuauTedslislavinliianudangy  wardymianudndoniainandiu
Fouseununeimesveaunud 4 lalldmudidesanliedosndsiifiogdmiunsSounisaouriins
ndstudwildon SnailniAnnisnszanlunismyuiuveu Saudlalaelfiniesndsiifiaai
Aomanasiaelunisndaiuduilénu mnnisianiedosdiduilulassnmsifod ilviaunsoi

wwIlulsulseasesneluesufiamsladmsunisseunisasulunianis@nwsely
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#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 2.5 ;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;
long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoderQPinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

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

Serial.begin (19200);
Serial.printin("start");
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void loop()f

if (millis() - previousTarget > 1000)
{
Serial.print ( encoder0Pos );
Serial.print (", ");
Serial.println ( encoder1Pos )

previousTarget = millis();
}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iftlms > 01
digitalWrite ( DirectionPinCW ,HIGH );
digitalWrite ( DirectionPinCCW ,LOW );
}
iflms < 01
digitalWrite ( DirectionPinCW , LOW );
digitalWrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,15,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoder0PinB) == HIGH) {

encoderOPos = encoderOPos - 1;

}
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else {
encoderOPos = encoderOPos + 1;
}
}
else
{
if (digitalRead(encoder0PinB) == LOW) {

encoderOPos = encoderOPos + 1;
}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()

{
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}
else {
if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;
}
else {
encoderlPos = encoderlPos + 1;
}
}
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#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 3.4 ;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;
long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoder0PinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

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

Serial.begin (19200);
Serial.println("start");

}
void loop()f

if (millis() - previousTarget > 1000)
{
Serial.print ( encoderOPos );
Serial.print (", " );
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Serial.println ( encoder1Pos )
previousTarget = millis();

}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iflms > 0
digitalWrite ( DirectionPinCW ,HIGH );
digitalWwrite ( DirectionPinCCW ,LOW );
}
iflms < OX
digitalWrite ( DirectionPinCW , LOW );
digitalWwrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,30,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoderOPinB) == HIGH) {

encoderOPos = encoderOPos - 1;
}
else {
encoderOPos = encoderOPos + 1;
}
}
else

{
if (digitalRead(encoder0PinB) == LOW) {
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encoderOPos = encoderOPos + 1;

}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}

else {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;
}
else {
encoderlPos = encoderlPos + 1;
}
}
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#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 11.9;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;

long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoderQPinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

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

Serial.begin (19200);
Serial.printin("start");

}
void loop()f
if (millis() - previousTarget > 1000)

{

Serial.print ( encoderOPos )
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Serial.print (", ");
Serial.println ( encoder1Pos )

previousTarget = millis();
}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iflms > 01
digitalWrite ( DirectionPinCW ,HIGH );
digitalWrite ( DirectionPinCCW ,LOW );
}
iflms < OX
digitalWrite ( DirectionPinCW , LOW );
digitalWrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,80,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoderOPinB) == HIGH) {

encoderOPos = encoderOPos - 1;
}
else {
encoderOPos = encoderOPos + 1;
}
}

else
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{
if (digitalRead(encoder0PinB) == LOW) {

encoderOPos = encoderOPos + 1;
}
else {
encoderOPos = encoderOPos - 1;
}
}
}

void doEncoderMotor1()
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}

else {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;

}

else {
encoderlPos = encoderlPos + 1;

}

}
}
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#define encoderOPinA 2
#define encoderOPinB 4

#define encoder1PinA 3
#define encoder1PinB 5

#define SpeedPin 6
#define DirectionPinCW 7
#define DirectionPinCCW 8

volatile long encoderOPos = 0;
volatile long encoder1Pos = 0;

long target = 0;

float KP = 3.5 ;
float Kl = .25;
float KD = 1.5;

int lastError = 0;
int sumError = 0;

int iMax = 100;
int iMin = 0;

long previousTarget = 0;
long previousMillis = 0;
long interval = 5;

void setup() {

pinMode(encoderQPinA, INPUT);
pinMode(encoder0PinB, INPUT);

pinMode(encoder1PinA, INPUT);
pinMode(encoder1PinB, INPUT);

pinMode(DirectionPinCW, OUTPUT);
pinMode(DirectionPinCCW, OUTPUT);
pinMode(SpeedPin, OUTPUT);

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

Serial.begin (19200);
Serial.printin("start");
}

void loop()f

if (millis() - previousTarget > 1000)
{
Serial.print ( encoder0Pos );
Serial.print (", ");
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Serial.println ( encoder1Pos )
previousTarget = millis();

}

target = encoderlPos;
docalc();

}
void docalc() {

if (millis() - previousMillis > interval)

{

previousMillis = millis();
long error = encoderOPos - target ;
long ms = KP * error + KD * (error - lastError) +KI * (sumError);

lastError = error;
sumeError += error;

if(sumError > iMax) {
sumeError = iMax;

} else if(sumError < iMin){
sumeError = iMin;

}

iflms > O
digitalWrite ( DirectionPinCW ,HIGH );
digitalWrite ( DirectionPinCCW ,LOW );
}
iflms < 01
digitalWrite ( DirectionPinCW , LOW );
digitalWrite ( DirectionPinCCW ,HIGH );
ms = -1 * ms;

}
int motorSpeed = map(ms,0,1024,50,255);

analogWrite ( SpeedPin, motorSpeed );
}
}

void doEncoderMotor0(){
if (digitalRead(encoderOPinA) == HIGH) {
if (digitalRead(encoder0PinB) == HIGH) {

encoderOPos = encoderOPos - 1;
}
else {
encoderOPos = encoderOPos + 1;
}
}
else

{



if (digitalRead(encoder0PinB) == LOW) {
encoderOPos = encoderOPos + 1;

}
else {
encoderOPos = encoderOPos - 1;

}
}
}

void doEncoderMotor1()
if (digitalRead(encoder1PinB) == HIGH) {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoder1Pos + 1;

else
{
encoderlPos = encoderlPos - 1;
}
}

else {

if (digitalRead(encoder1PinA) == LOW) {
encoderlPos = encoderlPos - 1;
}
else {
encoderlPos = encoderlPos + 1;
}
}

41
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