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Robots by Computer Control

Watcharadet  Yimwun
Dr.Unnut Pinsopon Advisor

Udom Janjarassuk  Advisor

Abstract

A computer controlled robot system is studied in this research project. The proposed
control system consists of two working modes: manual control mode and computer control
mode. The rotation of each motor could be manually controlled in the manual control mode. In
the computer control mode, the control action of each motor is calculated based on the

encoder singnals.
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M6
ROBOT _COMMANDER

M4, M EXIT press O
AUTO press 1
MANUAL press 2

Hi

E imit _Switeh( or=ofiy For $1-8 O G O @ O
AP C IR CIC IR CICMICICHRCIC) CIC)
ML Mz 3 173

Status of Enpodnrs
P34 M3

T T

5171 4 2uaAsdnynizyelUsunIuRIANIYUNA Scorbot ER3

ROBOT _COMMANDER
M4, M3, EXIT press O
AUTO press 1
MANUAL press 2

ML EXIT AUTO key O
x,y,z key 1
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M6

M4, MS

M1

Wed May 08 22:2164 2001

ROBOT _COMMANDER
EXIT press O
AUTOD press 1
MANUAL press 2

EXIT Maunul key O

Turn M1  key

Turn M2 key

Turn M3 key

Turn M4 key

Turn M5 key

Turn M6 key

Turn CH key

W N 0 N W N e

Turn CCH key

JL imit Smitoeh(on-aff) for 3-8 O G G @ O

13 M4 M3

Status of Encodars Wl A2 O@ OG GO @ GO OO
i ¥

o

5144 uanadnbaizved 1UsuNTUAIUANLIYUAR Scorbot ER31uTvua Manual
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20 TUsHATUAIDANUYUAD Scorbot ER3 sz luTnsanafindiadgumsiaulumsn

Tnuamsindamasunsudneda
void CHECK_CARD()
{
initgraph(&GrDriver,&GrMode,"D:\TC\\bgi");
GrError=graphresult();
if (GrError!=0)
{
clrser();
cout<<"a GRAHPIC ERROR : "<<grapherrormsg(GrError);
getch();
exit(GrError);

j
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(::1 ° 4 a 4 L]
Hafi9u CHECK_CARD() QsAms @ ELIFUUNS THndYeRGpIneuRames T 1Fauegi

' [ Y o 1 ' [ s 1
GrError flmm1ﬂugmummsm%'ﬂ%'am‘luiﬁuﬂnsﬂnef"lé’uﬁf’{n‘im"lnmmug{ums"lnmmsim’h

y Y v A
1Ful@anumnovesaiaie q 7 GrEror 9 1A91nA51974.1

A o & = o
A1319N 4.1 Llﬁﬂ\ﬁ’ﬁﬁ‘lf\ilﬂuﬂail'lﬂﬂ'lilﬂﬁUUIﬂNﬂllﬁ:ﬂ’ﬂllﬂll'lﬂ“\lﬂﬁﬁﬁ

GrError Grapherrormag AUNNY
0 No error Titianura
-1 (BGI)graphics not installed 4% BGI
2 Graphics hardware not detected Nainuszuunsindg
-3 Device driver file not found "lliwvhlﬂfﬂﬂi o5
-4 Tnvalid device driver file T lasos hignAea
-5 Not enough memory to load driver ‘Hﬁ’)ﬂﬂ31u§1vliiWE)ﬁi]$§“lJnlﬂl’JE)§
-6 Out of memory is scan fill ﬂﬂaﬂmm%ﬂajwﬂu scan fill
f1 Out of memory in flood fill nurwanus1 liwe lu flood fill
-8 Font file not found ”lajwuﬂewﬂvlﬁ
-9 Not enough memory to load font ﬁli’)tlﬂ’ﬂilﬁﬂﬁ‘ﬂi)'ﬁ%:%‘uﬂauﬁ
-10 Invalid graphics mode for selected LﬁﬂﬂTHilﬂmﬂ'lﬂinﬂﬂﬁgﬂﬁm
driver
-11 Graphics eror ms#nd ligndes
-12 Graphics /O error yovedns1ind ligndes
-13 Invalid font file ﬂaum"’lvla”l:jgné’fm
-14 Invalid font number iwesroua lignAes
-15 Invalid device number maﬂmm?‘hjgnﬁm
-18 Invalid version number LU?J{L’J’EJ‘;“BLH‘MQW’{EN
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void BASE()
{
void CHECK_CARD();
CHECK_CARDO();
setlinestyle(SOLID_LINE,0,3);
setcolor(15);
line(x8,Max_y-y8,x9,Max_y-y9);
line(x9,Max_y-y9,x10,Max_y-y10);
line(x10,Max_y-y10,x11,Max_y-y11);
line(x11,Max_y-y11,x8,Max_y-y8);
setcolor(14);
circle(x10,Max_y-y10,6);
}
void LINK_ 1()
|
setlinestyle(SOLID_LINE,0,3);
setcolor(15);
line(x1,Max_y-y1,x2,Max_y-y2);
setcolor(14);
circle(x2,Max_y-y2,6);
}
void LINK. 2()
{
setlinestyle(SOLID_LINE,0,3);
setcolor(15);
line(x2,Max_y-y2,x3,Max_y-y3);
setcolor(14);
circle(x3,Max_y-y3,4);
}
void LINK_3()

s
1

setlinestyle(SOLID_LINE,0,3);
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setcolor(15);
line(x4,Max_y-y4,x5,Max_y-y5);
line(x4,Max_y-y4,x6,Max_y-y6);
line(x5,Max_y-y5,x7,Max_y-y7);
setcolor(14);
circle(x4,Max_y-y4,2);
circle(x5,Max_y-y5,2);

M6

LINK3()

- LINK1()

M1

s1i4.5 naasgifiaeanilafidn BASEO,LINK1(),LINK2() uazLINK(3

' ¥ t4
o3 1veauuna  Scorbot - ER3 - dude lAenhigdmarimyulaslivinaveaglinauns

¥
MYUTITHYUTOULAU z LAT y TUNITNITHIYUTOULNU 2 alAnnaunms@.1), (4.2) MInyusOU

uAY y MUed y iniaua x waouluauauns@.3)

x =x+ Lcosd 4.1

y =y+Lsinf (4.2)
'=x+ Lcosfcosa (4.3)
A v
x = ansuauluunu x
U z:' )
y = ausuaulunn y
v a4, v _
L= anuomvsaduasa lunismuald L=115
6

=yl lunnu 2



a = yuinyulyluunu y

fafdumsnyug ldnnldsunsudraa
void RO_BASE()
{
rad0=((ang0)*Pi)/180;
if((ang0>=0)&&(ang0<=90))
{
x8_n=x8+(L0*cos(1.57-rad0));
x9_n=x9-(L0*cos(1.57-rad0));
x10_n=x10-(L00*cos(1.57-rad0));
x11_n=x11+(L00*cos(1.57-rad0));
}
else if((ang0>90)&&(ang0<=270))
{
x8_n=(-1*L0*cos(rad0))+x8+L0;
x9_n=(L0*cos(rad0))+x9-L0;
x10_n=(L00*cos(rad0))+x10-L00+40;
x11_n=(-1*L00*cos(rad0))+x1 1+L.00+40;
}
else if((ang0>270)&&(ang0<=360))
{
x8_n=x8+(L0*cos(rad0));
x9_n=x9-(L0*cos(rad0));
x10_n=x10-(L00*cos(rad0));
x11_n=x11+(L00*cos(rad0));
H
}
void RO_LINK_1()
{
rad1=(ang1*P1)/180;
y2_n=yl+(115*sin(rad1));

x2 n=x10_n+115%*cos(rad1)*cos(rad0);
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46
}
void RO_LINK_2()
{
rad2=(ang2*Pi)/180;
x3_n=x2_n+(115*cos(rad2)*cos(rad0));
y3_n=y2_n+(115*sin(rad2));
}
void RO_LINK 3()
{
rad3=(ang3*Pi)/180;
rad4=(ang4*Pi)/180;
x4 _n=x3_n+(20*cos(rad2+rad3)*(cos(rad0)));
y4_n=y3 n+(20*sin(rad2+rad3));
x5_n=x3_n-(20*cos(rad2+rad3)*(cos(rad0)));
y5_n=y3 n-(20*sin(rad2+rad3));
x6_n=x4_n+(40*cos(rad2-rad4)*(cos(rad0)));
y6_n=y4_n+(40*gnﬁad21ad4»;'
x7_n=x5_n+(40*cos(rad2+rad4)*(cos(rad0)));
y7_n=y5 n+(40*sin(rad2+rad4));
h
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v
15 199U

!
WOIN Nl

wosn PA1lFRDRUMIMYUVDA

WIADT AN 1

wosn PB219Maunumsnyuves

UDINDT AN 2

wosn pC1ldmIugumsnyues

so A
UBDIADININ 3

Y3t
WOIN N2

wosn PA219mIuguMsNIUYES

OINBIAIN 4

wosn PB21¥nugumInyues

do A
UDINDIAIN 5

wosn PC21dnrugumsnyuues

URINDT AN 6

s A
WOIN N3

woin PA3 ldSudaaanneu

Tnaaos

wosn pB3 1¥5udaamninou

Tnaunes

Hardums 1Faug IdannTdsunsudraas

#define
#define
#define
#define
#define
#define
#define
#define

PAI
PB1
PCl1
CTRLI1
PA2
PB2
PC2
CTRL2

0x300
0x301
0x302
0x303
0x304
0x305
0x306
0x307

1g s v . . 2 vy s 1o Yy 1 oa
outport(CTRL1,0x80); 970t luilsf#u void main() 15 lynwosndadryanasIded1aien

outport(CTRL2,0x80);%$E]Qﬂu‘WQﬁ(“ff‘u void main()
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void STOP_M1()
: |
outport(PA1,0xFF);//0xFF=11111111
}
anilefi void TP M10) fumsdadaynuliuemesiai 1 ygaMyUUBIADSAIBY 9 7 1Fndn
msimfuuanlaouan PAT Huethedu mumsien 43
void MOTOR(int port_no,unsigned char speed)
{
outport(port_no,speed);
}
speed Lﬂuﬁaﬁ"ﬂmmimﬂﬁwguﬁawh"lswgumuﬁmmﬁmw%’ammuw’?ﬂﬂﬂU@mmsmﬁ 42
uageuldouihiavgii 16 Aou
ms%“uﬁtymgminﬂmuiﬂﬂmas'ﬂ:ﬁ%wm 12 5 voiaes 1 5214 2 Damqiild 2 farftovzvoniia
mamsmgummuama{'jm:gumurfmmﬁmﬂ?amm‘ﬁumﬁmﬂqﬁ‘f?ums%”uﬁmunymmmauiﬂﬂ
mai"@,"lﬁ'ﬂmiﬂmﬂmda"lﬂﬁ
#define PA3 0x308
#define PB3 0x309
#define CTRL3 ~ 0x30B
outport(CTRL3,0x9B); azegfluilarid1s void main() t¥alinnwosnivdanu ldediufed
void IN_ ENCODER()
{
signal0= inport(PA3);
signall= inport(PB3);
}

A ldnndanaeuTaamodsziihuavgin 10 doaunlauthuavgim 2 Aeulaoldlusunsud

1 dy
ANy

int signal2[7],signal3[7];
while(signal0!=0)
{
signal2[ii]=signal0%2;

signalO=signal0/2;
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#include<graphics.h>

#include<stdlib.h>

#include<conio.h>

#include<iostream.h>

#include<stdio.h>

#include<math.h>

#include<dos.h>

#include <time.h>

int

x1=160+80,x2=275+80,x3=390+80,x4=390+80,x5=390+80,x6=430+80,x7=430+80,
yl=130-50,y2=130-50,y3=130-50,y4=150-50,y5=1 10-50,y6=150-50,y7=110-50,
x8=100+80,x9=200+80,x10=160+80,x 1 1=100+80,y8=50-50,y9=50-50,y10=130-
50,y11=130-50,//base

Max _y=280,i=1,ii=15,iii=14,x,y,z,stan,ﬁt_x,

step=5,//angle turn when prees buttom

s1,52,53,54,s5,//limitswtich

el ,e2,e3,e4,e5,e6,e7,e8,e9,elO,e1 1,e12,//Encoders

on =4,c010r=15,colors=l4,auto_color=14,clocks,color_clock,//red switch on
L.00=(x10-x11)/2,L0=(x9-x8)/2,xx1,xX2,

ang0=0,//angle of Base +cw - ccw

angl=135,ang2=45,

ang3=90,//angle rotate hand ccw cw

ang3 1=0,

ang4=0,//angle press release hand 0-25 degree

limit_ang0=330,//+330 if > trun back

limit_ang1=135,//+135 if > trun back

limit_ang2=45,//+-45 trun back

limit_ang3=360,//

limit_ang4=25,// 0<=ang4<25

angOn,ang1n,ang2n,ang3n,ang4n;

long double rad(),radl,rad2,rad3,rad3_l,rad4,13,x2_n,x3_n,x4_n,x5#n,x6_n,x7_n,

x2_nn,x_ny_n,Min_x3,
rad1n,rad2n,search_x,search_y,
x8 n,x9 n,x10_nxl11_n,

y2~n,y3ﬁn,y47n,y5~n,y6_n,y7_n,A,B,C,



Pi=3.14;
int GrDriver=DETECT,GrMode,GrError;
char ch,cho,time_man,round,
choice="7',choices;//alway press buttom turn cw
time_t first, second;

void main()

{

clrser();

void AUTO();

void MANUAL(Q);

void BASE();

void LINK_10);

void LINK_20);

void LINK_3();

void BASEn();

void LINK_1n();

void LINK. 2n();

void LINK_3n();

void RO_BASE();

void RO_LINK_10);

void RO_LINK. 2();

void RO LINK_3();

void LIMIT_SWITCH_10);
void LIMIT _SWITCH_20);
void LIMIT_SWITCH_30);
void LIMIT_SWITCH_40);
void LIMIT_SWITCH_5();
void ENCODER_10);

void ENCODER_2();

void ENCODER_3();

void ENCODER_4();

void ENCODER_5();

void ENCODER_6();



void ENCODER 7();

void ENCODER_8();

void ENCODER_9();

void ENCODER_10();

void ENCODER_11();

void ENCODER_12();

void CHECK._CARD();
CHECK_CARD();
RO_BASE(Q);

BASE();

RO_LINK_10);

LINK_In();

RO _LINK 2();

LINK 2n();

RO_LINK_3();

LINK 3n();

setcolor(9);
line(0,380,500,380);//below show status encoders limit_switch
outtextxy(0,400,"Limit_Switch(on—off) for 1-5");
setlinestyle(SOLID_LINE,0,1);
setcolor(10);

LIMIT _SWITCH_1();

LIMIT SWITCH_20);

LIMIT SWITCH_3();

LIMIT SWITCH_40);

LIMIT SWITCH_50);
setcolor(9);
outtextxy(0,430,"Status of Encoders for 1-12");
setcolor(6);
outtextxy(255,440,"M1");
outtextxy(297,440,"M2");
outtextxy(344,440,"M3");
outtextxy(386,440,"M4");

outtextxy(434,440,"M5");



outtextxy(478,440,"M6");
setcolor(10);
ENCODER_1();
ENCODER_2();
ENCODER_3();
ENCODER_4();
ENCODER 5();
ENCODER_6();
ENCODER_7();
ENCODER_8();
ENCODER_9();
ENCODER _100);
ENCODER_110);
ENCODER_120);

AR AR AR AR AR AR AR AR kR
outtextxy((x8_n+x9_n)/2-8,Max_y+5,"M1");
outtextxy(x10_n-16,Max_y-y10+8, "M2");
outtextxy(x2_n-16,Max_y-y2_n+8, "M3");
outtextxy(x3_n-45Max_y-y3_n, "M4,M5");
outtextxy(x3_n+30,Max_y-y3 n-30, "M6");
setlinestyle(SOLID_LINE,0,3);
setcolor(9);
1ine(500,0,500,480);
setcolor(13);
outtextxy(510,20,"ROBOT_COMMANDER -y
setcolor(15);
outtextxy(510,40," EXIT press 0");
outtextxy(510,60," AUTO press 1");
outtextxy(510,80," MANUAL press 2 ");
while(ch!='0")

{

ch=getch();

switch(ch)
{



}

case'l1:AUTO();break;
case'2:MANUAL();break;
}

settextstyle(8,0,1);

first = time(NULL);

time(&first);

ctime(&first);

setcolor(14);

outtextxy(60,346,ctime(&ﬁrst));

settextstyle(0,0,1);

}

closegraph();

void CHECK_CARD()

{
initgraph(&GrDriver,&GrMode,"F AWATWTC\bgi");
GrError=graphresult();
if (GrError!=0)
{
clrser();

cout<<™a GRAHPIC ERROR : "<<grapherrormsg(GrError);

getch();
exit(GrError);
}
}
void BASE()

{

void CHECK_CARD();
CHECK_CARD();
setlinestyle(SOLID LINE,0,3);
setcolor(15);
line(x8,Max_y-y8,x9,Max_y-y9);
line(x9,Max_y-y9,x10,Max_y-y10);

line(x10,Max_y-y10,x11,Max_y-y11);



line(x11,Max_y-y11,x8,Max_y-y8);

setcolor(14);
circle(x10,Max_y-y10,6);
}
void LINK_1()
{
setlinestyle(SOLID_LINE,0,3);
setcolor(15);
line(x1,Max_y-yl,x2,Max_y-y2);
setcolor(14);
circle(x2,Max_y-y2,6);
¥
void LINK_2()
{
setlinestyle(SOLID_LINE,0,3);
setcolor(15);
line(x2,Max_y-y2,x3,Max_y-y3);
setcolor(14);
circle(x3,Max_y-y3,4);
H
void LINK_3()
{

setlinestyle(SOLID_ LINE,0,3);
setcolor(15);
line(x4,Max_y-y4,x5,Max_y-y5);
line(x4,Max_y-y4,x6,Max_y-y6);
line(x5,Max_y-y5,x7,Max_y-y7);
setcolor(14);
circle(x4,Max_y-y4,2);
circle(x5,Max_y-y5,2);
}
void RO BASE()

1
rad0=((ang0)*Pi)/180;



if{(ang0>=0)&&(ang0<=90))
{
x8 n=x8+(L0*cos(1.57-rad0));
x9_n=x9-(L0*cos(1.57-rad0));
x10_n=x10-(L00*cos(1.57-rad0));
x11_n=x11+(L00*cos(1.57-rad0));
}
else if{(ang0>90)& &(ang0<=270))
{
x8 n=(-1*L0*cos(rad0))+x8+L0;
x9_n=(L0*cos(rad0))+x9-L0;
x10_n=(L00*cos(rad0))+x10-L00+40;
x11_n=(-1*L00*cos(rad0))+x11+100+40;
}
else if{(ang0>270)&&(ang0<=360))
{
x8 n=x8+(L0*cos(rad0));
x9_n=x9-(L0*cos(rad0));
x10_n=x10-(L00*cos(rad0));
x11 n=x11+(L00*cos(rad0));
}
H
void RO _LINK 1()
{
rad1=(ang1*Pi)/180;
y2_n=yl+(115*sin(rad1));
x2_n=x10_n+115*cos(rad1)*cos(rad0);
}
void RO_LINK 2()
{
rad2=(ang2*P1)/180;
x3_n=x2_n+(115*cos(rad2)*cos(rad0));

y3_n=y2 n+(115*sin(rad2));



void RO_LINK 3()

{

}

rad3=(ang3*Pi)/180;

rad4=(ang4*Pi)/180;
x4_n=x3_n+(20*cos(rad2+rad3)*(cos(radO)));
y4_n=y3_n+(20*sin(rad2+rad3));
x5_n=x3_n-(20*cos(rad2+rad3)*(cos(radO)));
y5_n=y3_n-(20*sin(rad2+rad3));
x6_n=x4_n+(40*cos(rad2-rad4)*(cos(radO)));
y6_n=y4 n+(40*sin(rad2-rad4));
x7_n=x5_n+(40*cos(rad2+rad4)*(cos(radO)));

y7_n=y5_n+(40*sin(rad2+rad4));

void BASEn()

{

setlinestyle(SOLID_LINE,0,3);
setcolor(ii);

line(x8 n,Max_y-y8,x9_n,Max_y-y9);
line(x9 n,Max y-y9,x10_n,Max_y-y10);
line(x10_n,Max_y-y10,x11_n,Max_y-yll);
line(x11_n,Max_y-y11,x8_n,Max_y-y8);
setcolor(iii);

circle(x10_n,Max_y-y10,6);

void LINK_1n()

{

}

setlinestyle(SOLID_LINE,0,3);
setcolor(ii);
line(x10_n,Max_y-y10,x2_n,Max_y-y2 n);
setcolor(iii);

circle(x2_n,Max_y-y2_n,6);

void LINK 2n()



setlinestyle(SOLID_LINE,0,3);

setcolor(ii);
line(x2_n,Max_y-y2_n,x3_n,Max_y-y3_n);
setcolor(iii);

circle(x3_n,Max_y-y3 n,4);

}
void LINK 3n()
{
setlinestyle(SOLID_LINE,0,3);
setcolor(ii);
line(x4_n,Max_y-y4_n,x5_n,Max_y-y5_n);
line(x4_n,Max_y-y4 n,x6_n,Max_y-y6_n);
line(x5_n,Max y-y5_n,x7_n,Max_y-y7_n);
setcolor(iii);
circle(x4_n,Max_y-y4_n,2);
circle(x5_n,Max_y-y5 n,2);
}
void LIMIT _SWITCH_1()
{
setfillstyle(1,0);
pieslice(250,400,0,360,6);
}
void LIMIT SWITCH 2()
{
setfillstyle(1,s1);
pieslice(270,400,0,360,6);
}
void LIMIT SWITCH_3()
{

setfillstyle(1,s1);
pieslice(290,400,0,360,6);
f
void LIMIT SWITCH_4()



setfillstyle(1,s1);
pieslice(310,400,0,3 60,6);
}
void LIMIT SWITCH_5()
{
setfillstyle(1,s1);
pieslice(330,400,0,3 60,6);

}
void ENCODER_1()
{
setfillstyle(1,e1);
pieslice(250,430,0,360,6);
}
void ENCODER 2()
{
setfillstyle(1,e2);
pieslice(265,430,0,360,6);
}
void ENCODER._3()
{
setfillstyle(1,e3);
pieslice(295,430,0,360,6);
}
void ENCODER _4()
{
setfillstyle(1,e4);
pieslice(310,430,0,360,6);
}
void ENCODER_5()
{

setfillstyle(1,e5);
pieslice(340,430,0,360,6);



void ENCODER_6()

{
setfillstyle(1,e6);
pieslice(355,430,0,360,6);
}
void ENCODER _7()
{
setfillstyle(1,e7);
pieslice(385,430,0,360,6);
}
void ENCODER_8()
{
setfillstyle(1,e8);
pieslice(400,430,0,360,6);
}
void ENCODER_9()
{
setfillstyle(1,e9);
pieslice(430,430,0,360,6);
}
void ENCODER _10()
{
setfillstyle(1,e10);
pieslice(445,430,0,360,6);
}
void ENCODER_11()
{
setfillstyle(1,e11);
pieslice(475,430,0,360,6);
}

void ENCODER_12()
{
setfillstyle(1,e12);
pieslice(490,430,0,360,6);



void MANUAL()
{

void BASEn();
void LINK _1n();
void LINK_2n();
void LINK_3n();
void RO_BASE();
void RO_LINK_10);
void RO_LINK_2();
void RO_LINK_3();
void RO BASEn();
void RO_LINK_ In();
void RO_LINK_2n();
void RO_LINK 3n();
setcolor(14);
outtextxy(502,100,"EXIT Maunul key 0 ");
setcolor(15);
outtextxy(510,120, " Turn M1 key g K
outtextxy(510,140, " Turn M2 key 248
outtextxy(510,160, " Turn M3 key 3);
outtextxy(510,180, " Turn M4 key 4");
outtextxy(510,200, " Turn M5 key 5"
outtextxy(510,220, " Turn M6 _key 6");
outtextxy(510,240, " Turn CW key T
outtextxy(510,260, " Turn CCW key 8");
cho='7";
choice="7";
while(choice!='0")

{

setcolor(14);

if(cho=="8")

{



clocks=clocks-step;
if((clocks<=0)&&(clocks>=-360))
{
if (clocks==-360)
{
setcolor(0);
outtextxy(400,40,&round);
round=(char)(i+48);
setcolor(14);
outtextxy(400,40,&round);
setcolor(0);
outtextxy(408,40,"1");
setcolor(14);
clocks=0;
i=it1;
h
else;
setcolor(i);
if(i==10) i=1; else;

pieslice(440,40,0,clocks,20);

}
else if(cho=="7")

{

clocks=clocks+step;

if((clocks>=0)&&(clocks<=360))

{
if (clocks==360)

{
setcolor(0);
outtextxy(400,40,&round);
round=(char)(i+48);
setcolor(14);

outtextxy(400,40,&round);



setcolor(0);
outtextxy(408,40,"1");
setcolor(14);
clocks=0;
i=itl;
}
else;
setcolor(i);
if(i==10) i=1; else;
pieslice(440,40,0,clocks,20);

}
if(choice=='7")
cho='7";
else if(choice=='8")
cho='8";
choice=getch();
angOn=ang0;
angln=angl;
ang2n=ang2;
ang3n=ang3;
ang4n=ang4;
1i=0;111=0;
setcolor(ii);
outtextxy((x8_n+x9_n)/2-8 Max_y+5,"M1");
outtextxy(x10_n-16,Max_y-y10+8, "M2");
outtextxy(x2_n-16,Max_y-y2 n+8, "M3");
outtextxy(x3_n-45,Max_y-y3 n, "M4MS5");
outtextxy(x3_n+30,Max_y-y3 n-30, "M6");
RO _BASEn();
RO_LINK In();
RO _LINK_2n();

RO LINK_3n();



BASEn();
LINK_1n();
LINK_ 2n();
LINK 3n();
switch(choice)
{
case'0":setcolor(0);
outtextxy(502,100,"EXIT Maunul key 0 ")
outtextxy(510,120, " Turn M1 key 1");
outtextxy(510,140, " Turn M2 key 2");
outtextxy(510,160, " Turn M3 key 3");
outtextxy(510,180, " Turn M4 key 4");
outtextxy(510,200, " Turn M5 key 5");
outtextxy(510,220, " Turn M6 key 6");
outtextxy(510,240, " Turn CW key 7");
outtextxy(510,260, " Turn CCW key 8");
break;
case'1:if(cho=='7") ang0=ang0+step; else if(cho=='8") ang0=ang0-step;break;
case'2":if(cho=='7") angl=ang1+step; else if(cho=="8") angl=angl-step;break;
case'3":if(cho=='7") ang2=ang2+step; else if(cho=="8') ang2=ang2-step;break;
case'4"if(cho=="7") ang3=ang3+step; else if(cho=="8'") ang3=ang3-step;break;
case'S":if(cho=='7") ang3=ang3-step; else if(cho=='8") ang3=ang3+step;break;
case'6"if(cho=='7") ang4=angd+step; else if(cho=='8") angd=ang4-step;break;
case'7":break;
case'8':break;
default:cout<<™a";
}
settextstyle(8,0,1);
setcolor(0);
outtextxy(60,340,ctime(&second));
setcolor(13);
second=time(NULL);
time(&second);

ctime(&second);



outtextxy(60,340,ctime(&second));
settextstyle(0,0,1);

ii=15;ii=14;

RO BASE();

RO LINK_10);

RO_LINK_20);

RO _LINK 3();

BASEn();

LINK_1n();

LINK 2n();

LINK 3n();

setcolor(iii);
outtextxy((x8_n+x9 n)/2-8 Max_y+5,"M1");
outtextxy(x10_n-16,Max_y-y10+8, "M2");
outtextxy(x2_n-16,Max_y-y2 n+8, "M3");
outtextxy(x3_n-45,Max_y-y3_n, "M4,M5");

outtextxy(x3_n+30,Max_y-y3_n-30, "M6");

;
}
void AUTO()
{
void BASEn();

void LINK._In();
void LINK_2n();
void LINK_3n();
void RO_BASE();
void RO_LINK_1();
void RO_LINK_2();
void RO_LINK 3();
void SEARCH();
void TEXT AUTO();
setcolor(auto_color);
outtextxy(502,280,"EXIT AUTO key 0 ");

outtextxy(502,300," x.,y,z key 1");



choices='7";
while(choices!="0")
{
choices=getch();
switch(choices)
{
case '0":setcolor(0);
outtextxy(502,280,"EXIT AUTO key 0 ");
outtextxy(502,300,"  x,y,zkey 1 ");
outtextxy(510,320," Wait update ");
break;
case '1:SEARCH();break;
}
RO LINK 20);
RO LINK_30);
LINK 2n();
LINK_3n();
}

}
void SEARCH()

{

setcolor(auto_color);
outtextxy(510,320," Wait update e
[*cin>>x>>y;
x=x-x10_n;
y=y-y10;
rad2=(((*x)+H(y*y)-2*(115* 115)/(115%115));
rad2=acos(rad2);
ang2=(rad2*180)/Pi;
for(xx 1=0;xx 1<=360;xx 1++)

{

rad1n=(xx1*Pi)/180;

search y=115*sin(rad1n)+11 5%sin(rad I n+rad2);



if((search_y>=y-5)&&(search_y<=y+5))
angl=xx1;
}
cout<<angl<<endl<<ang2; */

}

kR ARO[ white to black */
void RO_BASEn()
{
rad0=((angOn)*Pi)/180;
if((angOn>=0)&&(angOn<=90))
{
x8_n=x8+(L0*cos(1.57-rad0));
x9_n=x9-(L0*cos(1 .57-rad0));
xlO_n=x10-(LOO*cos(1.57-rad0));
x11 n=x1 1-+(L00*cos(1.57-rad0));
}
else if((ang0n>90)&&(ang0n<=270))
{
x8 n=(-1 *[0*cos(rad0))+x8+L0;
x9_n=(L0*cos(rad0))+x9-L0;
xlO_n=(L00*cos(radO))+x10-LOO+40;
x1 1_n=(-1*L00*cos(rad0))+xl 1+L.00+40;
}
else if((ang0n>270)&&(ang0n<=360))
{
x8_n=x8+(L0*cos(rad0));
x9_n=x9-(L0*cos(rad0));
xl0_n=x10-(LOO*cos(rad0));
x11_n=x11+(L00*cos(rad0));
}
}
void RO_LINK_1n()

{
1

rad1=(ang1n*Pi)/180;



y2_n=yl+(115*sin(rad1));

x2_n=x10_n+115*cos(rad1)*cos(rad0);

}
void RO_LINK 2n()
{
rad2=(ang2n*Pi)/180;
x3_n=x2_n+(115*cos(rad2)*cos(rad0));
y3_n=y2 n+(115*sin(rad2));
}
void RO_LINK 3n()
{

rad3=(ang3n*Pi)/180;

rad4=(ang4n*Pi)/180;

x4 _n=x3_n+(20*cos(rad2+rad3)*(cos(rad0)));
y4 n=y3 n+(20*sin(rad2+rad3));
x5_n=x3_n~(20*cos(rad2-+rad3)*(cos(rad0)));
y5_n=y3 n-(20*sin(rad2+rad3));
x6_n=x4_n+(40*cos(rad2-rad4)*(cos(rad0)));
y6_n=y4 n+(40*sin(rad2-rad4));
x7_n=x5_n+(40*cos(rad2+rad4)*(cos(rad0)));

y7_n=y5 n+(40*sin(rad2+rad4));
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General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog
to digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. The LM139 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they will
directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

Advantages
B High precision comparators
m Reduced Vg drift over temperature

&National Semiconductor

November 1994

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

m Eliminates need for dual supplies

B Allows sensing near GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

Features

® Wide supply voltage range
LM139 series, 2 Vpg to 36 Vpg or

+1 Vpg to 18 Vpg
LM139A series, LM2901 2 Vpg to 28 Vpg
LM3302 or £1 Vpgto +14 Vpo

m Very low supply current drain (0.8 mA) — independent
of supply voltage

m Low input biasing current 25 nA
® Low input offset current +5 nA
and offset voltage +3 mVv

B Input common-mode voltage range includes GND

Differential input voltage range equal to the power

supply voltage

® Low output saturation voltage 250 mV at 4 mA

m Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Connection Diagrams

Dual-In-Line Package

OUTPUT 3 OUTPUT A GND INPUT 4+ INPUT 4-  INPUT 3+ INPUT 3-

14 13 12 " 10 9 .

1 & 3 L] 5 13 7

OUTPUT 2 DUTPUT Y v INPUT 3- INPUT 1+ INPUT 2. INPUT 2+

107 view TL/H/5706-2
Order Number LM139J, LM139J/883*, LM139AJ,
LM139AJ/883**, LM239J, LM239AJ, LM339J,

See NS Package Number Jj14A

Order Number LM339AM, LM339M or LM2901M
See NS Package Number M14A

Order Number LM339N, LM339AN,
LM2901N or LM3302N
See NS Package Number N14A
*Available per JM38510/11201
**Available per SMD# 5962-8873901

out3
ouT4

ouT2
ouT 1

v+

IN4+

N1-

INT+ IN4-

IN3+
IN3-

TL/H/5706-26
Order Number LM139AE/883 or LM139E/883
See NS Package Number E20A

IN2-
IN2+

OUTPUT 2 r’;—‘ ° “:] OUTPUT 3
OUTPUT 1 IZZ u:l OUTPUT 4
v ] —
INPUT 1= : LM139W ”:] INPUT 4+
INPUT 1+ |:5 ‘_c____l INPUT 4=
INPLT 2= I:‘_:‘ :‘,:.:l INPUT 3+
INPUT 2+ INPUT 3

TL/H/5706-27
Order Number LM139AW/883 or LM139W/883"
See NS Package Number W14B
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* Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the out-
put lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing this input re-
sistors to < 10 k€ reduces the feedback signal levels and
finally, adding even a small amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
oscillations due to stray feedback are not possible. Simply
socketing the IC and attaching resistors to the pins will
cause input-output oscillations during the small transition in-
tervals unless hysteresis is used. If the input signal is a
pulse waveform, with relatively fast rise and fall times, hys-
teresis is not required.

All pins of any unused comparators should be grounded.

The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 Vpg to 30 Vpg.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications (v+ = 5.0vpc)

Basic Comparator Driving CMOS

TL/H/5706-3

AND Gate

100k
A 1/4 LM139 '
100k
]
100k
¢ 1k 1=A-B-C
TL/H/5706-8

The differential input voltage may be larger than V+ without
damaging the device. Protection should be provided to pre-
vent the input voltages from going negative more than —0.3
Vpc (at 25°C). An input clamp diode can be used as shown
in the applications section.

The output of the LM139 series is the uncommitted collector
of a grounded-emitter NPN output transistor. Many collec-
tors can be tied together to provide an output OR'ing func-
tion. An output pull-up resistor can be connected to any
available power supply voltage within the permitted supply
voltage range and there is no restriction on this voltage due
to the magnitude of the voltage which is applied to the V+
terminal of the LM139A package. The output can also be
used as a simple SPST switch to ground (when a pull-up
resistor is not used). The amount of current which the output
device can sink is limited by the drive available (which is
independent of Vt) and the B of this device. When the
maximum current limit is reached (approximately 16 mA),
the output transistor will come out of saturation and the out-
put voltage will rise very rapidly. The output saturation volt-
age is limited by the approximately 602 Rgat of the output
transistor. The low offset voltage of the output transistor (1
mV) allows the output to clamp essentially to ground level
for small load currents.

Driving TTL

+5 Voc

1/4 DMSAX X

TL/H/5706-5
TL/H/5706-4

+0.075V

100k
1/8 LM138

= A+B+C

TL/H/5706-9




Typical Applications (v+=15vpc) (Continued)

Squarewave Oscillator

TL/H/5706-16

Basic Comparator
v

TL/H/5706-21

Limit Comparator

V' (12 Y50)

2Rg
*Vags Hi OmmmAA/\ g

1/8 LM139 LAMP

Vin

ALm»

2Rs
+Vaer Low Om——AAA——r—

TL/H/5706-24

Comparing Input Voltages
of Opposite Polarity

w2 ~

174 LW138 Vo

TL/H/5706-20

Output Strobing
v

Vo

STROBE
INPUT

TL/H/5706-22
*Or open-collector logic gate without pull-up resistor

Crystal Controlled Oscillator
v

1/4LM139

CRYSTAL

200 12100 kHz

TL/H/5706-25




International |
1¢R| Rectifier | IRF510

HEXFET® Power MOSFET

PD-9.325Q

» Dynamic dv/dt Rating

» Repetitive Avalanche Rated D _

» 175°C Operating Temperature Vpss = 100V

® Fast Switching _ ,

® Ease of Paralleling Ros(on) = 0.54Q
; : . G

e Simple Drive Requirements

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

TO-220AB
Absolute Maximum Ratings
Parameter Max. Units
lb@ Tc=25°C Continuous Drain Current, Vas @ 10V 5.6
ip @ Tc=100°C | Continuous Drain Current, Vas @ 10V 40 A
Iom | Pulsed Drain Current ® 20
Pp @ Tc=25°C |Power Dissipation - 43 W
Linear Derating Factor 0.29 W/eC
Vas Gate-to-Source Voltage ’ +20 v
Eas Single Pulse Avalanche Energy @ 100 mJ
lAR Avalanche Current ® ' 5.6 A
EAR Repetitive Avalanche Energy © 43 mJ
dv/dt Peak Diode Recovery dv/dt ® 5.5 : Vins
Ty ' Operating Junction and -55 to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
Thermal Resistance
_ Parameter Min. Typ. Max. Units
Rauc : . | Junction-to-Case ' — — ' 3.5
Recs Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Reua | Junction-to-Ambient — — 62
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