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ABSTRACT

This thesis presents theories and designs of automatic control systems for controlling a robaot
arm to classify objects. The robot arm system consist of a computer, a digital camera, ¢lectronic
circuits and the robot arm. The purpose of this robot arm system is to classify objects with different
colors by using image processing.

The project has been conducted as in the following steps. First, the structure of the robot arm is
designed, built and assembled. Second, necessary electronic circuits including peripheral eircuits of a
microcontroller and motor drivers are studied and implemented. Third, a computer program written
in Microsoft Visual C# is composed. The program aims to transform the measured variables to the
corresponding values and send them to the microcontroller for controlling the robot arm. Lastly, the
microcontroller computes the suitable command signal to drive each joint of the robot arm. From the

experimental resuits, the robot arm system can classify objects correctly.
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gluunu XY,z smdwuee ldas 2130 G.6)

“ci(_DZSZLT +A1cz)_ )
5, (~Dys,5 + Aicy) X
—Dycyy—Ais, + D r
g zZ
~(Exp(—))c,s,.; = (3.6)
6, i’
- (EXP(';‘))Slszu W,
1) W
~(Bp(1)e,., -t

o ' w e
winudaumisninig,,4,,0, 18dail

¥ .
gl = arclaﬂ(;) (3'7)
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8,., = arctan| — (cos O, +sin 67, )J (3.8)
L (— Wo)
. vl
g, = arcsin |_(cos 6, X, +sin 49,}’,) + (DI -Z, )2 - Dzz - AI2 (3.9)
| 2A,D,
0, = arctan tan 6., (3.10)
p  tan#, +(tan4,,; x tan 4, )
c, =cos@
s, =sing,
Cvy =cos{0, +0,)
5, = sirl(tS?r + B})
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n.1 §ilen 1315914 1LMINA (And Gates)

".’? TEXAS
INSTRUMENTS

Dals shest acqured from HemMs Semconducior
SCHMSOS7C ~Revised Sepember 2003

CMOS AND Gates

High-Voltage Types [20-Valt Rating)

= 100% wred for quisscent current st 20 V
CD4073B Tripte 3-Input AND Gate = Mximum input cuirrant of 1 A 21 18V over .
CD40818 Quad 2-tnput AND Gate tult paciage-mpersture rengs; 100 sl o ¢
CDA0R2E Dual 4-Input AND Gate 18V wnd 75°C .
» Noie rergin (full package i
ronge) = b

® CD40738, CD40818 and CD-
20828 AND provice the Tystem de-
:r. with dirsct implementstion of the
function snd wupplement the existng

58

€D4073B, CD4081B, CD4082B Types

Features:

 Nedlum-Speed Operstion — tp 1y,
tpyy =80ns (tyn)me V=10V

1VrvVpp=8V
2VmVpp=10V
25VuVDD=18V

family ol CMOS gates. 8 Swsnderdized, rymametrical output
CO401S
The CO40738, CD4081D, and CD4082B types charectaristies FUNCTICNAL DIAGRAM
are supphed in t4iead hetmetk dualindne % 5V, 10V, and 15-V pacematrie retings
ceramic  pachages (F3A  sufllx), 14-ead 5 Msets s requicemants of MEDEC Tentrtive
duakn-dine plastic packages (E suffix}, 14-inad Standnrd Ne. 138, “Stmdard Specifications
smaltouline pachages (M, MT, M8, and NSR tor Damcription of ‘B Serkes CMOS Devicws™
suifixes), and 14-lead thin shrink smal-ouliine
peckages (PW and PWR suffixes).
MAXIMUM RATINGS, Absohue-Maxinum Velges:
DC SUPPLY-VOLTAGE RARGE, {Vpp) Voo
Votages reberanoen I Vg Tansenel) -
INPUT VOLTAGE RANGE, ALL SNPUTS ., o —2d )
DC MPUT CURRENT, ANY ONE INPUT ¢ —3 '
POWER DISSIPATION PER PACKAQE: P} » 2 —
FOrTy=-389G10 $100PC oo poorerensense PR S s00mW A=
PorTam+I00RC M #1ZIM o ceneeianniinenneineien oeeninins Duu-u-unyu 120W/5C 10 200mW : “w]
DEVICE DIRSIPATION PR DUTPUT TRANSISTOR T L
FOR T), = FULL PACKAMBI-TENPERATURE RANGE (AN Pucknge Typet) .. ... .. it er——. 100mW NORT!
OPERATING-TEMPERATURE RANGE(TA). .. oo evvrenenenmeneecraaennnss reemaean -325G to +1289C
STORAGE TEMPERATURE RANGE (Toig) - TR S Y Y. "
LEAD TEMPERATURE {DURING BOLDERWGS a3
At gtance 1/18 & 1733 INch {1.55 2 0.7 9w} frow CRa kor 1OB MUK .+ +vovvnensrasssnrnrerssnnrs +208%C wres-are
COMR8
FUNCTIONAL DIAGAAM
RECOMMENDED OPERATING CONDITIONS
For maximum raliability ., nominel opersting conditfons showid be seiscad o that
oparaticn i shways within she following ranges:
CHARACTERISTIC LT UNITS
MIN. MAXN.
Supply-Voitags Range WFor T = Fuli Paciage 3 18 v “ou
Yomparature Rengpl | .

R g
pdiend - =
et

DYNAMIC ELECTRCAL CHARACTERISTICS at'T3=25°C, Input t,.ty=20 n, o}
ard €, =50 pF..R) ~200 k1) A i SO
TEST ConDAT ALL TYPES 14
L)
CHARACTERBITIC CONDITIONS LMiTS uNITS ; aD"(”'"“
Voo :
Vit TYP. MAX.
sh
Prupqation mw Tim. S5 125 250 ﬂvn_rlnl-
tPHL. TPLH 10 60 120 ro COM7I8
15 45 - 90 FUNCTIONAL DIAGRAM
Tearsition Tore, t: ‘: 200
100 ns
tTHL. 1
THL: 1TLH 15 40 a0 )
npan Capacitanca, Cypy Any Input - 5 5 pF CoPRRROIR Teram '
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. PD-914378
Infernational
IGR Rectifier RF9540N

HEXFET® Power MOSFET

» Advanced Process Tochnology o
o Dynamk dv/dk Rating Vpgs =-100V
s 175°C Operaling Temperatuse
» P-Channd G OStor)
» Fully Aralanche Rated Ip = 234
Description s
FIth Generation HEXFE Tsfom hemalonal Recsfier

ulize advanced proceming lechnhjue b achieve
exyerrely bow on-reshtsnce per dlioon ares. Thin
benef, carbined wih he faxt yaliching speed and — 7 ]
fuggediced device dedgn that HEXFET Power
MOSFETa am well known for, provides the desigher
with an exremely efiicient and miiotie device for use
n & wide variaty of spplcalons.

The TO-220 paciesge Is universally preierred for ol
commercialindusiriel ppicatiors & powerdissipabn
levels b pradmytely S0 watts. The low hemmal
restance and low package oot of the TO-20
conbidute to Re wide sooeptance thoughout e

industey.
Absolite Maximum Ralings
“Patameset Max. Units
» m i)
m- 100°C | Continuous Drin Curent, Vg 8 <XV 35 A
by Pulecd Dren Curert @ L]
ﬂ"c s25%C | Power Disspation uo w
Lincar Desatrg Factor a9l W |
Y Gated=Soue Voltage 0 v
Te e
[ Avalarche QIR )] A
Repchave Avabnche Encrgyld u mJ
ovick ccony it D &0 Vs
T, Opembng Andon and X XA
Targ Storage Termeradire Rarge v
| Sciderng Termporate, for 10 soccnds 30{ L.8wn fomcase )
TOUing foRu, 02 or W) Tow 10N { LIATN
Thermal Reslstance
Patameter Typ. Max. Uniia
[ Anchonto-Case - 1.1
Reca CancRomSirk, Fi, Grooaed Surtyor a.%0 — cHY
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Electrical Characteristics @ T, = 25°C (uniess otherwise specified)

Parament Min | Ty [max junis Conditons
pmoss | DRINE-SOICO Beaidown Vaage | 100 | == | == | V | Vaa ¥ O¥%, b *+20A
Bhancaa&iT; | Breakdonn Voltage Temp. Cocticrt | = [0.11] = | VAC | Refernce 10 25°C,lp » « A
Toters | SRX DaNd>30re OPRCIERNt | = | == [LI117| {1 | Va #2100V, b «11A &
Vosm | Gae Teeshoid Wiage 20 == &0 | ¥V | Vo3 "Vas, k" DA
o Forward Tnxconaxtance 43 | = g E Vm'@_.ﬁh""&
[u— Vg 92 0OV, Vg *
bz DR D-Source Laakage Gurent —T=150] ™ [Vos =-80v, ves =0v, 7, = 150°C
Gatesto=Souce Forward Lo — | WO Vos * XV
s mmm@ﬁ ==& ™ [Vasov
S == - [
'&.__ ¢ Charge — =] 13 | ot | Vion =-80¥
e Gate 20-Orain ¢ Mier} Chorpe — | —] 5 Vs * +10V, See Fig. 8ard 139
r!g TunOn Delay Tirme w18 | — Viy » S0V
% Rme Bme —_— &7 | = br-lA
o TunOt Oclay e — ] 5 == 1™ |Rees.m
v Fal Tirne g i TN Ro» 4211, $ec Fig. 0 D
Betweonlcad,
lo Ftemal Oan Indudance — | 48] — N :mmmn.; @
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[ Ftemal Source Inudance -] 78— d conter of e cortad s
_E._ hpt Coacitance — | 1300] =— Vo v OV
= Cupi Capacitance — | 400 | = | pF | Vg #-2W
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Source-Drain Ratings and Characteristics
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Is Cornuown Source Curnert = WOSEEY syrveol
{Body Drods) il A | snowno o
o Pused Sauce Curent ” inogral severse .
{Body Diode) @ e Bl B P ncton dode,
Diode Forwand Vorage == 18] V | 5C, 5o 1A Ve NS |
te Reverse Rocovery Time -l 10| 20| m | Ty225°C. b vellA
{= Tevonc Reowryuiee — [ T[T = | dia» 10008 S
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Package Outline
TO22048 Outline
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1848
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Part Marking Information
TO2A8
EXAMPLE : THIS K5 AN IRF1010
WITH ASSENBLY
LOT CODE 9314 INTERNATIONAL PART WUMAER
RECTFER
LOGO

OATE COOE
(Yyww)

YY » YEAR
W & WEER

Internationa
ToR Rectifier

WORLD HEADGUARTERS: 23] Kansas 5, £I Scgundo, Calidorra 90248, Tet O 00) X2 Tt

EURCP E4N MEADQUARTEAS: Murst Groen, Ocd, Sumey RHI9BS, UK Tek: ++ 44 1883 132120

R CANADA: TX21 Victorm Park Ave., Sue 201, Madham, Ontaso LIR 228, Tel: (505] 479 1897

RGERMANY: Sabugtrmse 157, 51750 8ad Hornburg Tek ++ 1961 729050

JRITALY: Via Liguna £3, 10071 Borgare, Tonno Tek ++ 3B 11 851 011

REAR EASY: XAN Bicg., 2F, J0=t Narediebuiro 3Chome, ToshiraKu, Tl Japan 1 11 Te 813 083 0088
R SOUTHEAST ASIA: 315 Outram Road, #1002 Tan Boon Liat Bukiing, Sirgapore 0318 Tek: 83 221 5074
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6l



n.3 gilem3lT v weaia (Mosfet IRFZ44)

N-channel enhancement mode IRFZ4A4N
TrenchMOS™ transistor

GENERAL DESCRIPTION QUICK REFERENCE DATA

Nchame ecrhancemert mode | SYMBOL | PARAMETER MAX UNIT
stndord bevd feldefiect power
tamisorin 8 plske owekpewsing | Ve, Oraneource yolage &5 v
Trench’ techrobgy. The devie | b Crain aurent {IC) Q9 A
lnu'u:ybwomue rsatanos P Total power dissipation 110 w
and has zencr diodes T, Junction teanpembre 173 *c
£30 w&£ up bo M.gﬁ R'm Orainveource onstate 2 m
itendad for vee in wilched mode meatane Vop®*0V
powersupplies and general pupose
swiiching appicatons,
PINNNG - TO220AB SYMBOL
PN QE SCRIPTION d
] 2
e .
2 |[dran o
9 -
3l [source
tab [drain s
UMITING VALUES
Lirriling valuss in acoordanoce with the Atsdule Maxinum Systan (EC 134)
SYMBOL |PARAMETER [CONDITIONS MN | MAX | uMT
Voa Craineource votage - - 55 v
Vea Drain-gate vokage Roq @ 2060} - -] v
Wy Gube-source voltage L - a2 v
(N Crain curent {[C) Te®23°C - L) A
b gmtﬁ:} b ;..- méc - k- A
axrent {(pulke peak L r-N . a0 A
3,". Tetat power gt ) [ BC - w | w
Tee Ty Somge & opentirg tempadiue |- 55 75 ‘c
ESD LIMITING VALUE
SYMOOL |PARAMETER [CONDITIONS ML | MAX | UNT
Ve Bectrostdic dischrge capxcitor jHunan body modd . 2 v
voltage, dl pins 100 pF, 1.5 k)
THERMAL RESISTANCES
SYMBOL |PARAMETER ONDITIONS TYP. | MAX | uNIT
Roen Thesmal resistarce unctionto J . 14 o
mounting base
Roge Theyraal resistance unctibnlo IL froc ar a0 - L
anbient




N-channet enhance ment mode IRFZ44N
TrenchMOS™ transistor

STATIC CHARACTERISTICS
Te29C urless otherwine speciied
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX | UNIT
v, Draineource breskdoan Vio "0V § ¢ Q20mA; 551 - | -1V
R |vokge - Tessc|sa) - o | v
v, Gate theeshold votage Vpg® Vo b®ImA 200 |40 | V
“r o Tewge |10 - | - | v
Te&5C | - + | 44
bw Zero gte valtage drin currert [V, @ S5V V00V, «~ QOS] W0 | pA
Te175C | - - [ 900 | pA
s Gute sourcelealagecunent  {Vog @ 213V, Vg 0 OV = 100 | pA
Tie179C | « - D | pA
Venms |Cobe sowce bredkdonn vakge il ® 21mA; 18 . . v
Reso | Drainsouce onatate Vg ® 10V L e 25 A . 1512 |m0
resitance Te175C | - . Q | md
DYNAMIC CHARACTERISTICS
Toe ® 27C wnkss ctherwine specifed
SYMBOL |PARAMETER CONDITIONS ML | TYP. | MAX | UNIT
9 Forwand ransconductance Voa # 25V L 0 25 A e . . $
Co Frout cypmcitnce Ve 0V Va0 25V fo 1 M2 - | 1350 | 1800 | oF
Coa Quput cpxitance . 0 { 00| pF
Cr Feedback cpacitance ; = 195 | N5 ) pF
Q, Total gte charge Voo ® 44V L 0 S0 A vV, @ 10V - . @ [ nC
Qe Gete-corce cage . v - IR
Qe Gate-drain {miler) chage - . 2| e
[ Turn-an deby me Vos® 30V:be 25 A . B3| A m
% Torn-on Nee time Voe ® 10V;Rg @ 10 0 « ]SO0 | M inms
b Tum-off deby trme Resintiee loxd « 140 | 0 |
¢ TFom-off 4t . W] m
L bl drain inductance Meamped from cortact screw on . is v nH
tab tocertre of de
L, lnternal draininductance Meswured fom deaih leod 8 mm e |45 ] « [ nH
from package to cenbe of die
L, iternl sowree inductance Maaswred fom souroe lead Amm . 75 . nH
fompackage to sauce bond pad
REVERSE DIODE LIMITING YALUES AND CHARACTERISTICS
T, ® 25°C uriens otherwioe speclied
SYMBOL |PARAMETER JCONDITIONS ME. | TYP. | MAX | UNIT
b Confinuous revene drain . - @] A
arert
. Pudsedrevene dran curent . . m| A
Ve Dode frward voltage ko 25A;Va o0V - joss 121 VvV
ko 20A; Vo o0V « 10} -
- Reverse mcovery time k@ 40A; -kt ® 100 AYm; - 14 ] - |m
Q. Reverse mcovery charge Vi Vae Y « Joays} - pC




N-channel enhance ment mode IRFZA4N
TrenchMOS™ tramistor

—
Fig 17, Swichng sl G,

N-channe] enhancement mode IRFZ44N
TrenchMOS™ transistor
MECHANICAL DATA
Omemrsbm v mm 45
NetMass: 2g max
wa - [
—
Max
13— e
I A7

r

IR

L

{) "‘{ 0% max (3 06
- - — :rt !
254254 24

[
!

Fig 18, SOT (TO220A8); pn 2 consrmcied 10 smouriicg b se.

Notes

1. Otwerve he precautars for doctrosei sensdive devicos { ES De} o
prooidiged g it rig rdacharye {ESDR 1o prreent

2 Refr o mounting imtucBans iy SOT78 (TO220) ervdapea.

A Epoxy mects U154 VO ot VT,
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#include<p30f2010.h>
#include<uart.h>
#include<adc10 b>
Rinclude<timer.h>
#include<pwm.h>
#define PERIOD 0x0E65
#define direc_I1 LATBbits. LATB4
#define direc_12 LATBbits.LATBS5
Hdefine direc_21 LATCbits. LATC13
#define direc_22 LATCbits. LATC14
#define direc_31 LATEDbits. LATES
#define direc_32 LATDbits. LATD]
#define direc_41 LATEbits.LATE3
#define direc 42 LATEDbits. LATES
unsigned int int_joint{}={0,0,0};
unsigned int set_joint[]={1000,550,750};
unsigned char kp_up[3]={15,9,7};
unsigned char kp_down[3] = {15,2,9};
signed Jong int error = 0;
char flag=1;
void generate(char chanel,unsigned int pow)
{
unsigned int dutycycle;
float temp;
temp = (pow/1024.0f)*0x | FFF,
dutycycle = temp; ;
SetDCMCPWM(chanel, dutycycle,0);

!
void ISR _U1TXInterrupt(void)
{

IFS0bits. UITXIF = 0;
}
void ISR _UIRXInterrupt(void)
{

IFSObits. UIRXIF = 0;
}
void ISR _Tlinterrupt{void)
{

ififlag=—1)

{

char i;

unsigned int j;
signed int initial_error=0;
for(i=0;i<3;i++)
{
ADCONIbits.SAMP = 1;
while(!ADCON Lbits.SAMP);
ConvertADC10();
while{ ADCONI1bits. DONE);
int_joint[i] = ReadADC10(i};
initial_error = set_joint{i] - int_joint{il;
if(initial_error < 0)
{
error = initial_error*kp_down(i];
switch{i)
{
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case Ot
direc_11=1;
direc_ 12=0;
break;

case 1t
direc 21=1;
direc_22=10;
break;

case 2:
direc 31 =1;
direc_32=0;
break;

else
{
error = initial_error*kp_up[i];
switch(i)
{
case 0
direc_11=0;
direc 12=1;
break;
case i:
direc 21 =0;
direc_22=1;
break;
case 2:
direc_31=0;
direc_32=1;
break;
}
;o
iflerror<Q})
error *=-1;
if{error>1024)
error = 1024;

generate(i+[,error);
}
}
IFS0bits. T1IF = 0;
)
void adc_init()

{
ADCONT1bits ADON = 0;
{f Tnitial ADC Channel
SetChanADCI{ADC_CHO_POS_SAMPLEA_AN1 &
ADC_CHO _POS_SAMPLEA_AN2 &
ADC _CHO_POS_SAMPLEA_AN3 &
ADC_CHO_NEG_SAMPLEA_NVREF);
# Initial ADC Interrupt
ConfigintADC10(ADC_INT DiSABLE),
/1 Open ADC Function & Turn ON ADC
OpenADCI{ADC_MODULE_ON &
ADC IDLE_STOP &
ADC_FORMAT INTG &
ADC CLK_MANUAL &
ADC_AUTO_SAMPLING_OFF &
ADC_SAMPLE_INDIVIDUAL,
/1 ADC Config2
ADC VREF_AVDD AVSS &
ADC_SCAN_ON &
ADC_CONVERT_CHO &
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ADC_SAMPLES PER INT I6 &
ADC_ALT_BUF_OFF &
ADC_ALT_INPUT_OFF,
// ADC Config3
ADC_SAMPLE_TIME 1| &
ADC_CONV_CLK_INTERNAL_RC &
//ADC_CONV_CLK_SYSTEM &
ADC_CONV_CLK_Tcy,
/t ADC Config Port = ADC[1..3]
ENABLE_A™M!_ANA &
ENABLE_ANZ_ANA &
ENABLE_AN3_ANA,
/1 ADC Config Scan = OFF ADC[0,4,5]
SKIP_SCAN_ANO &
SKIP_SCAN AN4 &
SKIP_SCAN_ANS);

void vart] _init{)

{

unsigned int UIMODEvalue;
unsigned int U1STAvalue;
CloseUARTI();
ConfiglntUARTI(UART RX INT_EN &
UART _RX INT_PR6 &
UART TX_INT EN &
UART_TX INT_PR2),
UIMODEvalue = UART_EN &
UART_IDLE _CON &
UART RX_TX&
UART_DIS WAKE &
UART_DiIS_LOOPBACK &
UART_DIS ABAUD &
UART_NO_PAR 8BIT &
¢ UART_ISTOPBIT;
UtSTAvalue = UArI_INT TX BUF EMPTY &
UART_TX_PIN_NORMAL &
UART_TX ENABLE &
UART_INT_RX_3 4 FUL&
UART_ADR_DETECT_DIS &
UART_RX OVERRUN_CLEAR;
OpenUARTI{UIMODEvalue, U1STAvalue, 3);

void timert_init(}

{

}

ConfigIntTimerl (T1_INT_ON&
TI_INT_PRIOR_1);
WriteTimer1(0});
IFSObits.T1IF = 0;
OpenTimerl (T1_ON &
TI_GATE_OFF &
T1_IDLE STOP &
TIPS 11 &
Ti_SYNC _EXT OFF &
T1_SOURCE _INT, 36864);

void pwm_init()

unsigned int configl;

unsigned int config2;

unsigned int config3;

ConfigIntMCPWM(PWM_INT DIS &
PWM_FLTA_DIS_INT);

SetMCPWMFaultA(PWM_OVAIH_INACTIVE &
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PWM_OVA2H_INACTIVE &
PWM_OVA3H_INACTIVE &
PWM_FLTA MODE_LATCH&
PWM_FLTAT DIS&
PWM_FLTA2 DIS &
PWM_FLTA3_DIS);

It

(PWM_EN &
PWM_OP_SCALEI &
PWM_IPCLK _SCALEIl &
PWM MOD_FREE);
(PWM_MODI _IND &
' PWM_MOD2 IND &
PWM MOD3_IND &
PWM PDIS3IH &
PWM_PEN3L &
PW... PDIS2H &
PWM_PENZL &
PWM PDISIH &
PWM_PENIL);
(PWM_SEVOPSI &
PWM_OSYNC PWM&
PWM_UEN);
OpenMCPWM(PERIOD,0x0,configl config2,configd);

configl

config2

config3

int main{void)

{

char temp,data[ 10];

char i j;

unsigned int k;
uart]_init();

adc_init();

pwen_init();

timerl _init();

TRISB = 0x{F;

LATB = 0x00;

TRISE = 0x00;

LATE = 0x00;

TRISD = 0x00;

LATD = 0x00;
TRISChits. TRISC13 = 0;
TRISChits. TRISC14 = 0;
TRISBbits. TRISBS = 0;
LATCbits. LATC13 =0;
LATCbits. LATC14 = 0;

direc_41=0;
direc_42=0;
while(1)
{
if{ DataRdyUARTI())
{
temp=ReadUARTI();
if{temp=="q")
{
for(i=0;i<3;i++)

{
sprintfldata,” %u\n”,int_joint{il};
putsUARTI((unsigned int *)data);
while(BusyUARTI1(});
}
}
else if{temp=="s")

{
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return O;
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flag = 0;

for(i=0;i<3;i++)

{
set_joint{i] = 0;
for(j=3;5>=0y--)

{
while(!DataRdyUARTI1(});
temp=ReadUARTI{);
k = 1temp-0x30;
switch{())
{
case 3;
k *=1000;
break;
case 2:
k *=100;
break;
case 1:
k *=10;
break;
set_joint[i] +=k;
}
)
flag=1;
}
else if{temp=="c"}
{
set_joint[0] = 1000;
set_joint[1} = 550;
set_joint[2] = 750,
}
else ifltemp=="h") ,
{ ;
direc_41=1;
direc_42 =D;
}
else if{temp=="{"}
direc_41 =0;
direc_42 = 1;
}
else ifltemp=="k")
{
direc_41=10,
direc_42=0;
}
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