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ABSTRACT

This thesis presents the theory and designing of operating of computer integrated
manufacturing (CIM) system. The structure of system consists of vehicle which transports
product to each station and robot arm performing as intermediate that will take a product from
vehicle and send it into insect robot. Then humanoid robot put the product into store. The aim of
this thesis is to control the operation of CIM which is controlled by computer. Moreover, the
result of each process will be shown on monitor.

The operating processes starts from designing and assembling 'each part of CIM such as
vehicle, station, robotic arm, insect robot and humanoid robot. After that we had studied and
designed important electronic circuits for CIM system. Then we wrote the program of controlling
of CIM by using Visual Basic and Arduino. Those are composed C language which are technical
term in controller ATMEGA1280 and ATMEGA168. We uploaded all data via Arduino for

controlling the operation of robot arm and humanoid robot.
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3.9 103 1anames MY lulasenu

P ¢ g g =
we3 1uems 1% 1u Inseuiine MG945 S3003 Hag Digital servo E-sky EK2-

v
0508 IA® servo motor LAAZAINT18ALIDEAAIT

103 INBINDI U MGI4S

51M3.15 105 Tweinos 31 MG45

Detailed Specifications

Operation speed: 0.25Sec/60degrees

Stall Torque: 12 kg.cm

Voltage Range: 4.8v-T1.2v

Dimension: 40.7mm x 19.7mm x 42.9mm

Weight: 55g

iresaneIns 3 S3003

o Jd 1
513.16 o3 1womos Ju S3003



Detailed Specifications
Control System:
Required Pulse:
Operating Voltage:
Operating Temperature Range:
Operating Speed (4.8V):
Operating Speed (6.0V):
Stall 1 Torque (4.8V):
Stall Torque (6.0V):
Operating Angle:

* Modifiable:

Current Drain (4.8V):
Current Drain (6.0V):
Direction:

Motor Type:
Potentiometer Drive:
Bearing Type:

Gear Type:

Connector Wire Length:

Dimensions:

29

Pulse Width Control 1520usec Neutral

3-5 Volt Peak to Peak Square Wave

4.8 - 6.0 Volts

-20 to +60 Degree C

0.23 sec/60 degrees at no load

0.19 sec/60 degrees at no load

44 oz/in. (3.2 kg.cm)

56.8 oz/in. (4.1 kg.cm)

45 Deg. One side pulse traveling 400 usec360
Yes

7.2mA/idle

8mA/idle

Counter Clockwise Pulse Traveling 1520-1900 usec
3 Pole Ferrite

Indirect Drive

Plastic Bearing

All Nylon Gears

122

1.6”x0.8” x 1.4” (41 x 20 x 36mm)

faneaeslnemes JWEK 2-0508

A aa J Jd
51/ 3.17 Avnoaiwes 1apiAD3 JUEK 2-0508



Detailed Specifications
Standard Voltage:
PWM Input Range:
Speed:

Torgue:

Max Corner:

Operation Temperature:
Weight:

Dimensions:

d
3.10 2995 VRIUBUAT DU HE
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DC5V +/- 1V

Pulse Cycle 20+-2ms, Positive Pulse 1~2ms
60 degrees / 0.1s

> 1 kg.cm (Vee=5V)

> 150 degrees

-20 degrees ~ 70 degrees

7.5¢g

22.8 * 11.5 * 20.8mm
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Computer Numerical Control (CNC)
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//INCLUDE LIBRARY
#include <Servo.h>
#include <Keypad.h>

#include <EEPROM.h>

1
//KEYPAD SETUP
const byte ROWS = 4; //four rows
const byte COLS = 4; //four columns
//define the symbols on the buttons of the keypads
char hexaKeys[ROWS][COLS] =
{
{10412:2)3'
{45161 T Y,
{'8',9'a",'b'},
flel'd el ()
5
byte rowPins[ROWS1 = {7, 6, 5, 9}; //connect to the row pinouts of the }xeypad

byte colPins[COLS] = {8, 2, 3, 4}; //connect to the column pinouts of the keypad

//initialize an instance of class NewKeypad

Keypad customKeypad = Keypad( makeKeymap(hexaKeys), rowPins, colPins, ROWS, COLS);

//
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//SERVO SETUP
//LEFT LEG
Servo servol;
Servo servo2;
Servo servo3;
Servo servo4;
Servo servos;

Servo servo6;

//RIGHT L.EG
Servo servo7;
Servo servos§;
Servo servo9;
Servo servol0;
Servo servoll;

Servo servol2;

//LEFT ARM

Servo servol3;
Servo servol4;
Servo servol5;
Servo servol6;

Servo servol7;

//RIGHT ARM
Servo servol8;

Servo servol9;



Servo servo20;
Servo servo2l;

Servo servo22;

/HEAD
Servo servo23;

1

//IVARIABLE
//LEFT LEG
int posl = 92;
int pos2 = 110;
int pos3 = 90;
int pos4 = 102;
int pos5 = 58;

int pos6 = 54;

//RIGHT LEG
int pos7 = 106;
int pos8 = 122;
int pos9 = 56;
int posa = 84;
int posb = 96;

int posc = 96;

//LEFT ARM
int posd = 138;

int pose = 156;
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int posf = 46;
int posg = 82;

int posh = 90;

//RIGHT ARM
int posi = 60;
int posj = 14;
int posk = 92;
int posl = 134;

int posm = 90;

//HEAD
int posn = 63;

I

//PIN SETUP

void setup()

{
servol.attach(23);
servo2.attach(25);
servo3.attach(27);
servo4.attach(29);
servo5.attach(31);

servo6.attach(33);

servo7.attach(22);
servo8.attach(24);

servo9.attach(26);



servol0.attach(28);
servoll.attach(30);

servol2.attach(32);

servol3.attach(35);
servol4.attach(37);
servol5.attach(39);
servol6.attach(41);

servol7.attach(43);

servol8.attach(34);
servo19.attach(36);
servo20.attach(38);
servo21.attach(40);

servo22.attach(42);

servo23.attach(44);

}

I/
//PROGRAM
void loop()

{

char customKey = customKeypad.getKey();

servol.write(posl);
servo2.write(pos2);

servo3.write(pos3);
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servod.write(pos4);
servo5.write(pos5);

servo6.write(pos6);

servo7.write(pos7);
sarvo8.write(pos8);
servo9.write(pos9);
servol0.write(posa);
servoll.write(posb);

servol2.write(posc);

servol3.write(posd);
servol4.write(pose);
servol5.write(posf);
servol6.write(posg);

servol7.write(posh);

servol8.write(posi);
servol9.write(posj);
servo20.write(posk);
servo21.write(posl);

servoZ2.write(posm);

servo23.write(posn);

1

//BOW

if (customKey == '4")



float z = 50;
float newl = 92;
float new2 = 110;
float new3 = 72;
float new4 = 132;
float new5 = 60;
float new6 = 60;
float new7 = 110;
float new8 = 122;
float new9 = 72;
float newa = 60;
float newb = 92;

float newc = 98;

float old1 = pos1;
float 0ld2 = pos2;
float 0ld3 = pos3;
float old4 = pos4;
float old5 = pos5;
float 0ld6 = pos6;
float old7 = pos7;
float 0ld8 = pos8;
float 01d9 = pos9;
float olda = posa;
float oldb = posb;

float oldc = posc;
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float p1 = (newl-old1)/z;
float p2 = (new2-0ld2)/z;
float p3 = (new3-0ld3)/z;
float p4 = (new4-o0ld4)/z;
float p5 = (new5-0ld5)/z;
float p6 = (new6-0ld6)/z;
float p7 = (new7-0ld7)/z;
float p8 = (new8-01d8)/z;
float p9 = (new9-01d9)/z;
float pa = (newa-olda)/z;
float pb = (newb-oldb)/z;

float pc = (newc-oldc)/z;

for(int d=0;d<=z;d++)

{
float k1 = old1+(p1*d);
float k2 = old2+(p2*d);
float k3 = old3+(p3*d);
float k4 = old4-+(p4*d);
float k5 = old5+(p5*d);
float k6 = old6+(p6*d);
float k7 = old7+(p7*d);
float k8 = 0ld8+(p8*d);
float k9 = 0ld9+(p9*d);
float ka = olda+(pa*d);

float kb = oldb+(pb*d);
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float ke = oldc+(pc*d);

servol.write(k1);
servo2.write(k2);
servo3.write(k3);
servod.write(k4);
servo5.write(k5);
servo6.write(k6);
servo7.write(k7);
servo8.write(k8);
servo9.write(k9);
servol0.write(ka);
servol 1.write(kb);

servol2.write(kc);

delay(10);

posl = newl;
pos2 = new2;
pos3 = new3;
pos4 = new4;
pos5 = news;
pos6 = newo;
pos7 = new7;
pos8 = news;
pos9 = new9;

posa = newa;
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posb = newb;
pOSC = newc;

}

1
//FORWARD SHORT
if (customKey =='6")
{
float z =4,
for (int bb=0; bb <= 1; bb++) //1
{
float newl =92;
float new2 = 110;
float new3 = 82;
float new4 = 114;
float new5 = 58;
float new6 = 60;
float new7 = 106;
float new8 = 122;
float new9 = 44;
float newa = 94,
float newb = 94;

float newc = 100;

float old1 = posl1;
float old2 = pos2;

float 0ld3 = pos3;
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float 0ld4 = pos4;
float old5 = pos5;
float 0ld6 = pos6;
float 0ld7 = pos7;
float 01d8 = pos8;
float 0ld9 = pos9;
float olda = posa;
float oldb = posb;

float oldc = posc;

float p1 = (newl-old1)/z;
float p2 = (new2-0ld2)/z;
float p3 = (new3-o0ld3)/z;
float p4 = (new4-o0ld4)/z;
float p5 = (new5-0ld5)/z;
float p6 = (new6-0ld6)/z;
float p7 = (new7-0ld7)/z;
float p8 = (new8-01d8)/z;
float p9 = (new9-0ld9)/z;
float pa = (newa-olda)/z;
float pb = (newb-oldb)/z;

float pc = (newc-oldc)/z;

for(int d=0;d<=z;d++)
{
float k1 = old1+(p1*d);

float k2 = old2+(p2*d);



float k3 = old3+(p3*d);
float k4 = old4+(p4*d);
float k5 = old5+(p5*d);
float k6 = old6+(p6*d);
float k7 = old7+(p7*d);
float k8 = 0ld8+(p8*d);
float k9 = 0ld9+(p9*d);
float ka = olda+(pa*d);
float kb = oldb-+(pb*d);

float kc = olde+(pc*d);

servol.write(k1);
servo2.write(k2);
servo3.write(k3);
servod.write(k4);
servoS.write(k5);
servo6.write(k6);
servo7.write(k7);
servo8.write(k8);
servo9.write(k9);
servol0.write(ka);
servol 1.write(kb);

servol2.write(kc);

delay(10);

posl = newl;
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pos2 = new2;

pos3 = new3;
pos4 = new4;
posS = new$;
pos6 = newb;
pos7 = newT;
pos8 = news;
pos9 = new?9;
posa = newa;
posb = newb;

POSC = newc;

}

for (int bb=0; bb <= 1; bb++) //2

{
float newl = 92;
float new2 = 110;
float new3 = 107;
float new4 = 90;
float new5 = 54,
float new6 = 60;
float new7 = 106;
float new8 = 122;
float new9 = 40,
float newa = 94;
float newb = 94;

float newc = 100;



float old1 = pos1;
float old2 = pos2;
float old3 = pos3;
float old4 = pos4;
float old5 = pos5;
float 0ld6 = pos6;
float 0ld7 = pos7;
float 0ld8 = pos8;
float 21d9 = pos9;
float olda = posa;
float oldb = posb;

float oldc = posc;

float p1 = (newl-o0ld1)/z;
float p2 = (new2-0ld2)/z;
float p3 = (new3-0ld3)/z;
float p4 = (new4-old4)/z;
float p5 = (new5-0ld5)/z;
float p6 = (new6-0ld6)/z;
float p7 = (new7-0ld7)/z;
float p8 = (new8-0ld8)/z;
float p9 = (new9-0ld9)/z;
float pa = (newa-olda)/z;
float pb = (newb-oldb)/z;

float pc = (newc-oldc)/z;
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for(int d=0;d<=z;d++)

{

float k1 = old1+(p1*d);
float k2 = old2+(p2*d);
float k3 = old3+(p3*d);
float k4 = old4+(p4*d);
float k5 = old5+(p5*d);
float k6 = old6+(p6*d);
float k7 = old7+(p7*d);
float k8 = old8-+(p8*d);
float k9 = 0ld9+(p9*d);
float ka = olda+(pa*d);
float kb = oldb+(pb*d);

float kc = olde+(pc*d);

servol.write(k1);
servo2.write(k2);
servo3.write(k3);
servo4.write(k4);
servoS.write(k5);
servo6.write(k6);
servo7.write(k7);
servo8.write(k8);
servo9.write(k9);
servol0.write(ka);
servol1l.write(kb);

servol2.write(kc);
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delay(10);

posl =newl;
pos2 = new2;

pos3 = new3;

pos4 = new4,;
pos5 = new5;
pos6 = new6;
pos7 =new7;
pos8 =news;
pos9 = new9;
posa = newa;
posb = newb;

POSC = NeEwcC;

}
for (int bb=0; bb <= 1; bb++) //3
{

float newl = 92;

float new2 = 110;

float new3 = 105,

float new4 = 88;

float newS5 = 56;

float new6 = 60;

float new7 = 106;

float new8 = 122;
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float new9 = 68;
float newa = 72;
float newb = 92;

float newc = 100;

float old1 = posl;
float 0ld2 = pos2;
float old3 = pos3;
float 0ld4 = pos4;
float »1d5 = pos5;
float 0ld6 = pos6;
float old7 = pos7;
float 0ld8 = pos8;
float 01d9 = pos9;
float olda = posa;
float oldb = posb;

float olde = posc;

float p1 = (new1-o0ld1)/z;
float p2 = (new2-o0ld2)/z;
float p3 = (new3-o0ld3)/z;
float p4 = (new4-o0ld4)/z;
float p5 = (new5-01d5)/z;
float p6 = (new6-0ld6)/z;
float p7 = (new7-0ld7)/z;
float p8 = (new8-0ld8)/z;

float p9 = (new9-0ld9)/z;



float pa = (newa-olda)/z;

float pb = (newb-oldb)/z;

float pc = (newc-oldc)/z;

for(int d=0;d<=z;d++)

{

float k1 = old1+(p1*d);
float k2 = old2+(p2*d);
float k3 = old3+(p3*d);
float k4 = old4+(p4*);
float k5 = old5+(p5*d);
float k6 = old6+(p6*d);
float k7 = old7+(p7*d);
float k8 = old8-+(p8*d);
float k9 = old9-+(p9*d);
float ka = olda+(pa*d);
float kb = oldb+(pb*d);

float kc = oldc+(pc*d);

servol.write(k1);
servo2.write(k2);
servo3.write(k3);
servo4.write(k4);
servo3.write(k5);
servo6.write(k6);
servo7.write(k7);

servo8.write(k8);
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servo9.write(k9

);

servol0.write(ka);

servol 1.write(kb);

servol2.write(k

delay(10);

posl =newl;
pos2 = new?2;
pos3 = new3;
pos4 = new4;
posS = news;
pos6 = newo;
pos7 = new7,;
pos8 = news;
pos9 = new9;
posa = newa;
posb = newb;
POsC = newc;

}

}

for (int bb=0; bb <=

{
float newl = 92;
float new2 = 110;
float new3 = 105;

float new4 = 88;

c);

- 1; bbt++) //4

63



float new5 = 56;
float new6 = 60;
float new7 = 106;
float new8 = 122;
float new9 = 50;
float newa = 86;
float newb = 90;

float newc = 100;

float .'d1l = posl;
float 0ld2 = pos2;
float old3 = pos3;
float old4 = pos4;
float old5 = posS5;
float 0ld6 = pos6;
float 0ld7 = pos7;
float 01d8 = pos8;
float 0ld9 = pos9;
float olda = posa;
float oldb = posb;

float oldc = posc;

float p1 = (newl-old1)/z;
float p2 = (new2-0ld2)/z;
float p3 = (new3-o0ld3)/z;
float p4 = (new4-old4)/z

float p5 = (new5-0ld5)/z;
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float p6 = (new6-0ld6)/z;
float p7 = (new7-o0ld7)/z;
float p8 = (new8-0ld8)/z;
float p9 = (new9-0ld9)/z;
float pa = (newa-olda)/z;
float pb = (newb-oldb)/z;

float pc = (newc-oldc)/z;

for(int d=0;d<=z;d++)

{
float k1 = old1+(p1*d);
float k2 = old2+(p2*d);
float k3 = old3+(p3*d);
float k4 = old4+(p4*d);
float k5 = old5+(p5*d);
float k6 = old6+(p6*d);
float k7 = old7+(p7*d);
float k8 = old8+(p8*d);
float k9 = 0ld9+(p9*d);
float ka = olda+(pa*d);
float kb = oldb+(pb*d);

float kc = oldc+(pc*d);

servol.write(k1);
servo2.write(k2);
servo3.write(k3);

servod.write(k4);
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servo5.write(k5);
servo6.write(k6);
servo7.write(k7);
servo8.write(k8);
servo9.write(k9);
servol0.write(ka);
servol 1.write(kb);

servol2.write(kc);

delay(10);
posl =newl;

pos2 = new2;
pos3 = new3;
pos4 = newd;
pos5 =news;
pos6 = new6;
pos7 =new7;
pos8 = news;
pos9 = new9;
posa = newa;

posb = newb;

pOsC = newc;
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