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Remotely Operated Vehicle (ROV) Control

Danai Numnmm

Parinya Panyavai

Advisor
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Academic Year 2005

ABSTRACT

This thesis presents the study and implementation procedures of a remotely operated
vehicle (ROV) using a CCD camera as a view finder. The objective is to utilize the knowiedge of
control system design for controlling the ROV, First, the structure and motor driver of the ROV
are designed and realized. Also, the compass module and pressure transducer are used to measure
the direction and depth of the ROV, respectively. Secandly, the PID controller is implemented via
a microcontroller to control the movement of the ROV. Finally, the experiments are conducted to
evaluate the stability and efficiency of the ROV. The results are satistactory as the ROV can

move well as expecled.
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s

' 9 =4 o w ;
Tuduldnd iy vealusunsu Svazdoaveslsunsudedl

a

pom!_s = Comm]l.Input

Textl.Text=poml s

o i ! g o o
t = Textl. Text i ddeyandunldunlivmuaiy 13 ludwnla 1
c = Len(t)
searchPattern§ = "a" 7 AN NYS v

posl = InStr(t, searchPatiern$)

searchPattern$ = "b" /1 AU RS “b”

pos2 = InStr(t, searchPattern$)

searchPattern$ = "c¢" /i AUHIRITAYS “¢

pos3 = InStr(t, searchPattern$)

If posl > 0 And pos2 > 0 Then

x1 = pos2 - posl

Ifx1 >0 Then

a=Mid$(t, posl + L,x1-1) 7/ ideyadanyuiu13ludiuda a
sensor_angle=a

End It

End If

Fake 2k 3 3k ok ok ok ke e ok e ok ke ok ok ook ok ok sk ok ok Kok K kO

If pos2 > 0 And pos3 > 0 Then

X2 = pos3 - pos2

If x2 > 0 Then

b = Mid$(t, pos2 + 1, x2 - 1) i idoyataasuiu 13 lududa b
sensor_depth = b

End if

End If

ke e 3k ok o 2k ok ok ok 3 ok ok e ok ol ok ok ok e ok Sk ok e e 3 ok ok ok ok

error_angle = data_angle - sensor angle // HIAIAIN ﬁﬂwmﬂmmyn
If error_angle > 0 And error_angle < 180 Then

error_angle2 = error_angle * -1

"Text16.Text = error_angle2



End If

[f error_angle < 0 And error_angle > -180 Then
error_angle2? = error_angle * -1

End If

If error_angle >= 180 And error_angle <= 360 Then
error_angle2 = ({359 - data_angle) ~ sensor_angle)

End If

If error_angle <= -180 And error_angle >= -360 Then
error_angle2 = ((359 - sensor angle) + data_angle) * -1
End If

/ FUIUM controller PID Yo uF U3 TAM3Y

Kal_M1 =Kal_text * error_angle2
Kil_M1=Kil_MI_old + (Kil text * (Ts/2 * (error_angle2 + eM1 old)))
Kil_MI1_old = Kil MI

Kdl_M1 = ((error_angle2 - eM1 old) / Ts) * Kd1 text
PID M1 =((Kal_MI1)+Kil_M1 + Kdl_M1)+ go_speedl
IfPID_M]1 <> (Q Then

It PID_M1 > 255 Then PID M1 = 255

If PID M1 < -255 Then PID M1 = -255

End If

Textl1.Text=PID M1

motorl = PID M]

1 dadioya T 1w pic #2

Data = "¢" + Chr(PID_M1) + Che(PID_M2) + Chr(Control1} + Chr(Control2) + "d"
Comml.Output = Data

error_depth = (data_Depth - sensor_depth)

Text13.Text = error_depth

/# MUIUA1 controller PID UB4tkui03 Ian1n11aN
Ka2 M1 =Ka2 text * error_depth

Ki2 M1 = Ki2_MI _old + (Ki2_text * (Ts/ 2 * {error_dcpth + eM2_old)))
Ki2 M1 old=Ki2 MI

Kd2_M1 = ((error_depth - eM2 old) / Ts) * Kd2_text
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PID2_M1 = ((Ka2_M1) + Ki2_M1 + Kd2_M1)

If PID2_M1 <> 0 Then

[f PID2_M] > 255 Then PID2_ M1 = 255

IfPID2_M] < -255 Then PID2_M1 = -255

End If

Textl7.Text = PID2_M1

motor3 = PID2 M1

i adoyalid pic #1

Data = "a" + Chr(PWM_M1) + Chr(PWM_M2) + Chr(Control1) + Chr{Control2) + "b"

Comm!.Output = Data

.2 Mlsunsulitluinsnoulnsaaes

dy o 4 &
TuTassnutiosldluTnsnen Insamesnszga pic Taedenldines pic 16r877 &4
& o Ave G - o 3 s o
hutlFaululassnuiidmn 3 & TaeiluTasasuInsass PICI wasPIC? 1 2 #2927
¥ A - s P e o T a ¥t A
HiMIUTayannasuA e suazdadygn liuvemes FwazBoaussasesldnaini
9 a ¢ = T I o 0 8 ﬁ!‘.a/ ] oo ¥
udaluiadedt 322 duvedlulasrenTnsames pics simdhisusminglnsal sy
o s k7l g al Y s = 9 ] = as
wazglnsaidanmduudidoyalifenounmes FenuaziBuavesins1dnaifaluin
¥9 3.2.3
o e = as
TupisTdsunsyluTnsaouInsiaes lulasssuiozldlsunsuniyidisiusn

° <o o A = Ao 4
Tﬂ‘iLLﬂE:Uﬂ'I‘i‘n‘NWu‘dENvliJTﬂﬁﬂauT‘ﬂima’e)‘i‘m 3 cﬂ\ii-lﬂazLﬂUﬂﬂquTﬂﬂlﬂi““ﬂqu

n.2.1 WannsudwiumsiBoudessnnhinsnoulnsamaiues PICI 1ay PIC2
#include <16f877a.h>

#define TxD PIN C§&

#define RxD PIN C7

#define CLOCK_SP 20000000

#fuses hs

#fuses NOLVP, NOWDT

#fuses NOPROTECT

#use  delay(clock=20000000)

#use  rs232(baud=9600, xmit=TxD, rcv=RxD)



#bit cren=0x18.4
int i;

int8 k,pwm[é],cémrol,control1 controi2;
int16 pwmx,pwimz;
char strz,data[6];
void main{void)

{

for(k=0; k<=5; k++)
{

datalk] = 0;

}

while(true)

!

while(true)

i

cren=0;

delay ms(0.01);
eren=1;
strz=getch{);

it (strz =="a'

break;

}

for(k=1; k<=3; k++)
{

data[0]="a";
datalk]=getch();

j

if {((data[0]=="a")&(data[5]=="0'})
{

pwm[1]= data[1] ;
pwm|[2]= data[2] ;

pwm([3]= data[3] ;
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pwm(4]}= dataf4] ;
controll = pwm(3];
control2 = pwmt4];
output_b(coﬁnoll);
setup_ccpl{cep_pwm);
setup_ccp2{cep_pwm):
setup_timer_2(t2 div_by 16,150,1);
set_pwm!_duty(pwm[1]);
set_pwm2_duty(pwm{2]);
}

H

}

n.2.2 T aunsufumuazdadayasingUnsaiTamia 2 i Wieneuiamesuea PIC3
#include <16f877A h>

#define TxID PIN Cé6

#define RxD  PIN C7

f#tdefine CLOCK_SP 20000000

#tuses HS

#fuses NOLVP, NOWDT

#fuses NOPROTECT

#device ADC=10

#use delay(clock=CLOCK _SP)

#Buse  rs232(baud=9600, xmit=TxD, rcv=RxD)

#use fast_io(A)

#use fast jo(b)

#define Vbe 0.0048875855327468230694037145650049
int data[16];

inti6 degree[16];

int d.if;

int16 data real;

intl6 data_degree;



#int_cepl //interrupt compass-module
void capture_re(){

d=1; |

}

void main{void)}{

intl 6 valuel,value2,value3; #/start pressure
float volt;

setup_port_a(ALL_ANALOG);

setup ade(ADC CLOCK INTERNAL):

do {

set_adc_channel(0);

delay us(20);

valuel=Read ADC();

set_adc_channel(1);

delay us(20);

value2=Read ADC();

set_adc_channel(2);

delay us{20),

value3=Read ADC();

set_tris_b(0x3d);

d=0;

1=0;
data_degree=0,

data_real=0;

output_high(pin_b1); /pin-P/C
output_low(pin_bl1},

delay ms(15); /{.05*delay .015 sec
output_high(pin_b1);

setup_ccpl{ccp_capture_re);
enable_interrupts(int_ccpl);

enable interrupts(global);

while(true){



iftd==1){
data[i]=input{pin_b5);

degree[6]=data[6]*200;
degree[7])=data[7]*100;
degree[8]=data[8}*80;
degree[9]=data[9]*40;
degree[10])=data[10]*20;
degree[11]=data[11]*10;
degree[12]=data[12]*8;
degreef13]=data[13]*4;
degree[14]=data[14]*2:
degree[15]=data[15]*1;

for {f=6;f<=15:f++){

data_degree=data_degree+degree[fl;

data_real=data degree;
}

for (f=6;f<=16;f++){
degreeff]=0;

data[f]=0;

}

/foutput_high (pin_d1);
printf{"a%ld ", data_real);
printf{"b%l1d",valuel);
number 2
printf{"c%Id",™);

printf{"e");

/ldata[6]=msb

/{data[15]=Isb

// Send Data of Angle

// Send Data of depth

64
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/foutput_low (pin_dl1);
d=0;

i=0;

=0,

data degree=0;
data_real=0;

delay ms(15);

} while(TRUE);

/. 2*delay.015sec
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Precision Navigation, Inc.

Frant of Vector 2X Compass Module

\ X-axis (L2) —
Y‘A
(act;? cg P18/GND
@) P1SNVCC

P11 () XFUR R S —
P10 Y FLIP
rg BCO/Bin
P17 RESET TAL 3] Ps
P [ WS PIC [ Ps
Fa 55 RES [0 P7
P12 Cl SOl F3
P13 | EOC 300 P2
P14 [ FAW scu [y A
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Pin Name Description Input or
Output
Pl Serial Clock Input: Data Input’Output
SCLK valid on eising clock
adgeturtar
P2 $DE Serial Data Output Output
P3 SDIi scrtal Data Inpur No Connect
P4 g Slave Select: Active Low | Input
P35 ; Poll / Continuous: Active | Input
~ when PiC = Low
P& ?*\L Calibrate Sefect: Active Input
B when CAL = Low
P7 N Resolution: Low Input
RES Resolution when RES =
Low
P - Master/Slave sclect: Input
M:S Master Mode when MeS
= Low
Py —— BCD: Binary scleet: BCD { input
BCD B when BCD/Bin= Low
Pl Y FLIP Flip Y-axis L‘Iirccl‘rion. Low | Input
= Normal Dircetion
Pil X FLIP Fllip X—u.\;i.\ dirccn:on. ‘ Input
High = Normal Direction
P12 Cl Calibrate indicator signal: [ Output
Active High
P13 End of Conversion Output
£OC signal: C‘om'c.rs.iun
complete on rising edge
— af EOC
P14 RAW R’El\\’ L’[‘dt'fl mode select [nput
pin: Active Low
P13 VCC 5 volt power input
Pl6 GND Power supply return
P17 RESET Reset pin: Active Low Input

U 4.2 Veetor 2X FUNCTION DESCRIPTION
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Instruments
317 1.3 ginsalanauduy
Specification:
®  [lectrical Output Signal: 4-20imA. 2 wire (0.5-4.5Vdc, 0.5-5.5 Vde, 1-5 Vdc 3 wire)

available

Electrical Connection: Mini DIN 43650 style (4pin) connection includes mate (other
options available)

Excitation Voltage: 8-38 Vdc Housing: 316 stainless steel

Wetted Parts/Connection: 316 stainless steel. (1/4" npt malc)

Proof Pressure: 2X full scale

Burst Pressure: 3X full scale

Normal Operating Temp. Range: -30F to 200F (-35C to 100C)

Compensated Temperature Performance: OF to 185F (-18C to 85C) Ambient Temp.
Effect on Zero: Less than ~/-1.5% FSQ per 100F (37.7C)

Response Time: Less than and cqual to 5 milliseconds

Accuracy: % 0.25% FSO (+/-0.1% available)

Long Term Stability: Less than +/-0.25 FS per annum Weight: 10 oz. (2839)
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v.3.2 Tod CNY17-1
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12V aanfumﬂmﬁaﬂmnuammnmmmuﬂm%xﬂsznauagﬁlumwamafuwuwmgigm

[ 7]

h.

PWM fagvasasinaaslugii 3.10

DESCRIPTION
The CNY17 sengs corsals of 3 Galium Arsersda 1RF 2 CNY17.1 CNY17.3
coupled wath an NOX photoyansisien. CNY17-2 CNY174
FEATURES

+ GNY17.9/243 are wiso avaloble n white package By sueatying -M suitix (e, TNY17 21 SCHENATIC

- U racogmized {File # ESD700)

+ VOE recogmized
A0Zab7 for while packags -Add ophon Ve while package (R.g CNY17.2V.M)
Filg 8102447 -Add ophion 3007 for blach uckars e DNYIRD MR
-Fre A5 FEG

» Curten nansfa 1atio i seect groups

» High BY cpo—70V minimun

APPLICATIONS

« Prawat supply regulainrs = Digital xogic tnps

» MCroprecasson inpuls » Apphance serscr sysleis
~ induslrial controls

WHITE PACKAGE {-M SUFFIX) BLACK PACKAGE (NO -M SUFFIX)

t
1
1@ |
1
FParameters Symbof Davice Value Units
TOTAL DEVILE N " oo 10150 "
Starage Temparalume 576 R
Operatng Tamparalie ToRs Al 55 10 +10G0 C
Lead Suokier Temparsture Tsat Alf 257 fox 4] s *C
Toral Deace Tower Disapaan @ 25°C 1LED pLe 0 ) TR 250 | w
m
non -M 260
Cerate Lineary From 25°C 20 ] =5 -
noit -M 1sn MG
EMITTER ‘ A [ A
I — m
Contnucus Forward Current F Aan M 7]
Ravarsa Voltaga Vi Al E] v
M 15
Forward Current - Peak {1 Js pulse, 300 ops; Pk sy T A
LED Power Dissipation 25°C Ambien o ) 120 m“;
non M 135
Darate Lineady From 25°C Py i T
p—Y 7 mWiC
DETECTOR M 150 o
Datactor Powar Cissipation &) 25°C P non -M 200
o —
Derate Lingary from 25°C M 148 W,
non - 287 MG

g u.s Tod oNYI7-1
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SN74LS1 25A, SN74LS126A

Quad 3-State Buffers

Yoo E O O E 0 @
1] (13} Ja2} Ju] {eo] |s -
[ [1s} [n] £ ON Semiconductor
R q hitp:ffonserni.com
P 51 F$'l oWe
POWER
] {2F [ad [ Is] Me] {7
SCHOTTKY
E 9 0 E 0 0 oo
L512%4
Yoo E D 0 £ D 0D PLASTIC
HSUFFIX
m ] Je2f Ju] jio] {&] [a ?. CASE bd6
I [ 14
q 3
2B
" ’ D SURFIX
CASE 751A
BERIBROIBINE
E D 0O E p o W
L51264
g SOEWJ
. M SUFFIX
TRUTH TABLES " CASE 985
LS125A LS126A !
INPUTS INPUTS
E| D OUTPUT E| D ouTPUT
L L L KW .
. g wl o 3 ORDERING INFORMATION
X {Z; L| & 1 Device Package Shipping
L = LOAY Volage Livl SNTALSI2EAN 14PN0IP | 2000 UaitsiBax
H = HIGH Witage Leved
X = Dant Care SNTZALSIZSAD SOHC-14 55 ViritsRal
{Zy = High Impedaree ioT
SNIALEI25ADR2 | SOI-1s | 2500Tape & Reel
GUARANTEED OPERATING RANGES SN74L51254M SOEWI-14 See Nota 1
Symbol Parameior Min | Typ | Max | Unit |SN74C 31 25AMEL | SOEB-14 586 Note |
Voo | Suprlyvotaga 475 | 50 | 5w | W SNTALSIZBAN | 14 PIADIP | 2000 Urie/Box
s 0-"&?;?;;::';2'"95 o = e ¢ SH7SLS126AD SOIC-16 | 55 UmtsFal
or it Caent - High 5 | mA SNTALS1Z6ADRE | 5010-14 | 2500Tape & Reet
oL Quipgt Cursent - Low a4 mA SNI4LSI26AM SOEA-14 See Note )
SNTALGI2EAMEL § SOERI-14 Sea Nota !

t Fod ordenng infarmatian on e E LA veerson of
Te SOIC patkage. please Contact your local
TN Sericngucior rpresentative

510
«f
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]
PAIRCHILD
BEMICONDUCTODR

TIP120/121/122

Medium Power Linear Switching Applications
- Complementary to TIP125/1261127

. To-220
1 Sase Cotiattsr 3 Emitter
NPN Epitaxial Darlington Transistor
Absolute Maximum Ratings 15-25°c uniess snerwise noted Equvalant Cenut
c
Symbod Parameler Vatue Units
Vepo Colpctor-Base Voltage TP20 60 ¥
“TIP1ZY 80 v
S TiP122 104 ¥ B~y
Veeo Coleclor-Emmer Vottage  T1P 120 80 v 3
TIP121 80 v
CTIP122 100 v .
Vezo Emittet. Base Voltage 5 v RT  H2 L
Ig CoFector Current (DG) 3 A K1 s BkD E
igp Colector Current (Puse) 8 A itdm 017412
Ig Base Cutrent (DC) 120 mA
Pec Colector Dissipalion {T=25°C) 2 W
Coteclor Dissipation (Tp=25%C) 65 W
Ty Junction Temperature 150 <
TaiTh Storpge Temparature - 65~ 150 °C
Electrical Characteristics 7,25 ¢ uniess anerwise notee
Symbol Parameiar Test Condition Min. | Max. | Unis
Vetolsus) Collector-Emitter Sustaming vollage
TP 0 Ig=100mA ig =0 80 v
TR 80 v
T:P122 100 v
iten Cellecior Cut-off Current
CTIP120 YeE =30V = 0 as mA
TiF121 Ve = A0V g =0 a5 | ma
Lkt NVep ~S0W. g - 0 05 mA
lego Catlector Cut-off Curtent
TiP12Q Vop =60V 1g= ¢ 0.2 mA
TIF121 Veop " BOV. lg= 0 02 ma
TP22 Vea= 100V, ig=0 0.7 mA
leaa Ernsitar Cul-off Currert Vge= V. lg= 0 2 mA
heg * DC Currermt Gain Ve =3Vl = 0.5A 1000
Vop = 3V, Ig = 3A 1009
Vegisat) * Coliecior-Emitter Saluraunn Vottage o= 3A ig= 12mA 20 v
I, = SA. Ig = 20mA a0 v
Vggion * Base-Emitar ON Voltage Vg = 3. 1= 3A 25 v
Cob Output Capaciiance Vg = W0V, g =0, 1= 0 1MHz 200 pF
TRube Tomt PWRKOW Duly aycls £7%

7N 4.7 nawSames Tip42c
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