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ABSTRACT

This thesis presents a Computer-Controlled Direction Finder, using an 80X86 based
microcomputer and a receiver to get the strength of the radio signal. It needs an interfacing
card to make a connection among the digital computer and the analog devices, such as the
receiver, stepper moter, turning detector. All these devices receive and send their signal and
data through the interfacing card.

The analog signal (refer to the strength of the signal, also) will be converted from

anolog signal to digital data ,by means of the ADC 0804 analog-to-digital converter.
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Angle(degree) Read Value
0.0 83
3.6 81
7.2 34

10.8 93
14.4 25
18.0 31
‘21.6 a1
2% 2 29
28.8 20
32.4 33
36.0 15
39.6 66
43.2 54
46.8 50
50.4 62
54.0 100
57.6 129
61.2 163
64.8 196
68.4 221
72.0 233
75.6 44
79.2 44
872.8 233
86.4 233
90.0 233
93.6 233
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Angle(degree)

Read Value

100.8
104.4
108.0
111.6
115.2
118.8
122.4
126.0
129.6
133.2
1136.8
140.4
144.0
147 .6
151.2
154.8
158.4
162.0
165.6
169.2
172.8
176.4
180.0
183.6
187.2
190.8
194.4
198.0

201.6

69

72

80

83

33

3

36

63

54

56

40

36

32

34

32

49

53
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70



Angle(degree)

Rqad Value

205.2

208.8

212.4

218.4

252.0

255.6

59.2

262.8

266. 4

270.0

273.6

277.2

280.8

284.4

288.0

291.6

306.0

99

44

64

44

93

100

103

120

121

132

139

111

114

96

80

123

48

40

34

28
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33
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Angle(degree) Read Value

309.6 A 46
313.2 27
316.8 51
320.4 B
324.0 31
327.6 29
331.2 29
334.8 34
338. 4 35
342.0 37
345.6 93
349.2 93
352.8 85

366.4 90
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Angle(degree)

10.8

14.4

18.0

21.6

50.4

54.0

57.6

61.2

64.8
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97
18
17

17

112
16
17
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171
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18

34
24

161

64
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Angle(degree)

100.8
104.4
108.0
111.6
115.2
118.8
122.4

126.0

151.2
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158.4

162.0
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169.2
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183.6
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190.8
194.4
198.0

201.6
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309.6 90
313.2 17
316.8 17
320.4 17
324.0 I
327.86 25
331.2 40
334.8 2
338. 4 50
342.0 20
315.6 15
319.2 36
352.8 19
356.4 33
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Tisunsuauax
1. Tisunsamén (PROJECT.C)
#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>
#include <dos.h>
#tinclude <conio.h>

#include <c:\works\mode\project.wrk\project.h>

/% external variables used to pass the argsument to any function */
int freqs
unsigned char peak, null;

float angle;
main()

/¥ request auto detection in graphic modules */

int gdriver = DETECT, gmode, errorcode;

/% external variables redeclaration #/
extern unsigned char peak, null;
extern float angle;

extern int freq;

FILE #fpl, #fp2;

/% introduction screen ; text mode %/
clrser();

printf (" DIRECTION FINDER \n');

printf ("sekdekk



sekkkkR sk NN ) 3

printf ("
printf«"ENTER THE EXPECTED FREQUENCY TO SCAN (MHz): "3

scanf ("#d",&freq);

/% initialize graphics and local variables */

initgraph(xgdriver, &gmode, "c:\\lang\\tc\\bgi");

/% read result of initialization %/

errorcode = graphresult();

if (errorcode != grOk) /#% an error occurred ¥/

£
printf ("Graphics error: #s\n", grapherrormsg(errorcode)):;
printf ("Press any key to halt:");
getch();

exit(1)s /# terminate with an error code %/

/% draw screen template #/

draw_template();

/% send the expected frequency to the receiver %/

freq_select();

/% begin receiving data from the ADC port to a file %/
/% open input file #%/

fpl = fopen("c:\\peak.dat","wb'");

fp2 = fopen("c:\\null.dat","wb");

while (angle<360.00) £

/% detector() used to check that it is 360 degree or not */



peak=peak_inputi); /% get the peak data from ADC #/

nuii=nuli_input(); /4% get the null data from ADCk/

peak_plot(); /% plot the peak magnitude %/
/4%null_plot()s plot the null magnitude */
display_deg(); /% display current angle %/
display_mag(); /% display current magnitude */
putc(peak,fpl); /% put the peak data to file #%/

putc(null,fp2);
right (STEPS) ; /% turn motor to 8 steps right */

angle+=ANGLE_STEPS;

fclose(fpl)s

fclose(fp2);

/% Readout the data from file, and start plotting the pattern */
draw_template();
fp2 = fopen("c:\\null.dat","rb");
angle = 03
while((null=getc(fp2))&& angle<360.00) f
null_plot();
display_deg();
display_mag(;;
ang le+=ANGLE_STEPS;
3

fclose(fp2ys



<
{9

; ) a X 28
2 -,J‘iLLﬂillﬁ’Juﬂ’J'U@llﬂLGmaduaLfila’i (MOTOR. C)
#inciude <c:\works\mode\project.wrk\project.h>

#include <dos.h>

/% used in passing the value between fuctions */

static int index=0;

/% stepping sequence */

char sequencel4] = {241, 242, 244, 2483;

void motor_init(void)
{

int temp=0;

/% check that there is any input from detector device or not #*/
/% if it exists, it means the antenna is reset to O degree #*/
/¥temp=inportb (INPUT_PORT); */
/*%while{(temp & ANT_MASK) != OxFD)¥/
while(1)

right(6);

sound(880);/% to make a noise for getting ready ! k/
delay(500);/% for half a second */

nosound() ;

/% N-step right turning #*/
void right(int steps’
£

int n,temp=0;



for(n=0 s;n<steps; n++) {

if (index > 3) ¢
index=0;
temp = sequencelindex++7;
outportb(MOTOR_PORT, temp) ;
delay(250);

3} else temp = sequencelindex++1;

outportb(MOTOR_PORT, temp) 3

delay(250);

/¥ N-step left turning */

void left(int steps)

{
int n;
for(n=0 ;s;n<{steps; n++) {
if (index < 0) £
index=3;
outportb(MOTOR_PORT, sequencelindex--1);
3 else {
outportb{MOTOR_PORT, sequencelindex--1);
3
iy
3

int detector(void)
{

int temp=0;



temp=inportb(INPUT_PORT);
if (ttemp & ANT_MASK) !=0x%FD)
return(0);

else return(1);

dy I d‘ Y o U 14 tﬂl = 1 g‘:v 1 Y o ¥ c Y 14
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3. TsunIuad uLanILa (GRAPHICS. C)
#inciude <dos.ir

#include <stdlib.h>

#include <math.h>

#include <graphics.h>

#define CENTER_X 399/% Co-ordinate (399,239) #*/
#define CENTER_V 239

#define LEFT_10

#tdefine LEFT_2160

#define TOP_10

#define TOP_20

#tdef ine RIGHT_1159

#def ine RIGHT_2639

#define BOTTOM_1479

#define BOTTOM_2479

void polar_plot(int mag)
{
extern fleoat angles;
int temp=0,x=0,y=03

float radian=0;

temp=0.8594 % mags;

radian=0.0175 #% angles

X temp % (-1)#¥sin{(radian);

y = temp # cos(radian’;

setlinestyle(SOLID_LINE,1,1)3

moveto (CENTER_X, CENTER_Y) ;



lineto (CENTER_X + x, CENTER_Y - y);
circle(CENTER X + x, CENTER_Y - y, 1)3

delay(250);

void dBplot(unsigned char radius, float angle)
{
putpixel (CENTER_X+20%1log10(radiuskcos(angle)),

CENTER_Y-20%logl10(radiusksin(angle)),14) s

void peak_plot O

1
extern unsigned char peak;
int temp=0;
temp = peaks
setcolor(15);
polar_plot (temp);
3

void null_plot )
{
extern unsigned char null;

int temp=03;

temp = nulls
setcolor (GREEN) ;

polar_plot(temp);



void draw_template(void)
i

unsigned userpat;

userpat=13
setlinestyle(SOLID_LINE, userpat, 3);

setcolor(9);

/% draw menu template %/

rectangle(LEFT_1, TOP_1, RIGHT_1, BOTTOM_1);

/% draw polar graph template #*/
rectangle(LEFT_2, TOP_2, RIGHT_ 2, BOTTOM_Z2);
setcolor(14);

circle(CENTER_X, CENTER_Y, 220)3/% O dB level #/

setlinestyle(DASHED_LINE, userpat, 1)3

circle(CENTER X, CENTER_Y, 158)3/% -3 dB */

circle(CENTER_X; CENTER_Y, 110);/#% -6 dB #/

circle(CENTER X, CENTER_Y, 70)3/% -10 dB */

1ine (CENTER_X, CENTER_VY-220, CENTER X, CENTER_Y+220)3

1ine(CENTER_X-220, CENTER_V, CENTER_X+4220, CENTER_Y);
/#setlinestyle(SOLID_LINE, userpat, 1)3 */

outtextxy(5, 5, "Frequency(MHz)");

outtextxy(5, 55, "Angle(degree)');

outtextxy(5, 105, "Magnitudei(dB)'");

void display_mag ()

L



extern unsigned char peak;

riNT="1".
2

unsizsned char templiCI=

itoa(peak, temp, 10);

settextstyle(0, 0, 3);

/% draw the text telling the magnitude */
outtextxy(15, 125, temp):;

delay(250);

/% kill it with the same color #/
setcolor(Q);

outtextxy(15, 125, temp);
setcolor(15);

settextstyle(0, 0, 1)

void display_desO)
{
extern float angle;

(N1

unsigned char tempC101="";

itoatangle, temp, 10);

settextstyle(0, 0, 3);

outtextxy(15, 75, temp);

delayi(2507);

setcolor(Q);
outtextxy(15, 75, temp);

setcolor(15);



settextstylei0, 0, 1);

v
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4. TsunTugauiua BUAIN A/D (ADC-UNIT.C)
finclude <dos.h»

#include <c:\works\mode\project.wrk\project.h>

unsigned char adcinput(void)

{
unsigned char magnitude=0;
/% start ADC circuit */
outport (ADC_PORTZ,0x00) s /% reset WR to LOW #/
delay(1); /% delay 1 ms to wait for conversion #/
/¥ wait until the INTR is low */
do £3% while ((inportb(INPUT_PORT&1):!=0));
/% put the read data to be returned #*/
magnitude=inportb(ADC_PORT1); /* reset RD to LOW #*/
delay(100);
return(magnitude) ; /% return magnitude to mainf() #*/
3

unsigned char null_input ()
£

unsigned char temp=03;

outportb(NULL_PORT,0x00) ; /# set the antenna to null mode #/
delay(500);
temp=adcinput ()3

return(temp);



unsigned char peak_input()
¥

unsigned char temp=0;

outportb(NULL_PORT, 0x01); /% set the antenna to peak mode %/
delay(5001:;
temp=adcinput ()

return(temp) ;

int adc_check(void)
{

int temp=0;

temp=inportb(INPUT_PORT) ;

delayi(250)3;

if ((temp&ADC_MASK) != OXFE)
return :0);

else return i1);
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#include <c:\works\mode\pro.ject.wrk\pro.ject.h>

#include <stdlib.h>

void freq_select()
{
extern int freq;
int input=0;
int i=0,templ=0, temp2=03

int bcdL333

/¥ subtract the entered frequency by 144.00 MHz 3/

input=freq - 140003

for(i=03i<33i++) £
templ=(int) input % 103
bedlil=templ;
input=input/10;

3

temp2=bcdl0] + 16kbedC11;

outportbh(FREQ PORT1,temp2);

delay(100);

outportb(FREQ_PORTZ2,bcdl2]1) 3

delay(100);



6. TisunsuadIuiia (PROJECT.H)

/4% Gefine the nuuwbers of 170 poris ?/

#def ine ADC_PORT1 0x0300 /% to RD of ADC0804 #*/

#def ine ADC_PORTZ 0x0301 /% to WR of ADC0804 */

#tdefine INPUT_PORT 0x0302 /% to enable the input at 74LS244 #*/
#define FREQ PORT1 0x0303 /% frequency port (first 8 bits) #/
#define FREQ PORT2 0x0305 /# frequency port (last 4 bits) #/
#tdefine MOTOR_PORT 0x0304 /# to enable the stepper data out #*/

#define NULL_PORT 0x0306 /% null-peek port #*/

#define PRINTER_PORT Ox3F8 /# printer port */

/% the ports 0205H-0207H are spared */

#def ine MOTOR_MASKOXFB /# check input from motor */

#def ine ANT_MASKOXFD/# and antenna #*/

#tdefine ADC_MASK OXFE /% check input from INTR of ADC #*/
#tdefine STEPS 6 /¥ steps per one turn #/

#tdef ine ANGLE_STEPS 3.6 /% degrees per step #*/

void motor_init (void);
Qgid right (int steps’s;
void left(int steps)s
void draw_template(void)s

void dBplot(char radius, float angle’);

unsigned char adc_input(voidi;

/% using the external variables %/
void display mag(};
void display_deg()s
void freq selecti’;

void polar_plot();



void peak_plot()s

void null_plot();
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

MC3357

LOW POWER
FM IF

LOW POWER NARROW BAND FM IF
SILICON MONOLITHIC

INTEGRATED CIRCUIT
...includes Oscillator, Mixer, Limiting Amplifier, Quadrature
Discriminator, Active Filter, Squelch, Scan Control, and Mute
Switch. The MC3357 is designed for use in FM dual conversion

communications equipment.

® Low Drain Current (30 mA (Typ) @ Ve = 6.0 Vdc)

® Excellent Sensitivity: Input Limiting Voltage —
(-3.0dB) =5.0uV (Typ)

P SUFFIX
PLASTIC PACKAGE
CASE 648-08

® Low Number of External Parts Required

@

1

AGURE 1 — FUNCTIONAL BLOCK DIAGRAM
D SUFFIX

PLASTIC PACKAGE
Yec CASE 751803
S0-16
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MOTOROLA TELECOMMUNICATIONS DEVICE DATA



MAXIEM RATINGS (T, = 25°C, unless otherwise noted)

Rating Pin Symbol Valve Unit
Power Samply Voltage 4 Vegimax) 12 Vdc
Opersssg Supply Vohage Range 4 Vee 418 Voe
Detecmr Input Voltage 8 - 1.0 Vp-p
Input Vedmge (Ve > 6.0 Voin) 16 Vig 1.0 VRMS
Mure Ferchion 14 Vig -0.5105.0 Vpi
Juncen Temperature - T, 150 *c
Operenng Ambient Temperature Range - Ta -30 10 + 70 9%
Storagr Temperature Range - Tag -6510+150 o¢
ELECTRICAL CHARACTERISTICS (Ve = 6.0 Vac, fo=10.7 MHz, af =2 3.0 kHz, Imoq= 1.0 kHz, T o = 25°C uniess otherwise noted.)
Characreristic Pin Min Typ Max Unit
Dram Curvent 4 mA
Sgeeich Off - 20 -
Saeeich On - 3.0 5.0
Inpat Lsmuitng Voltege 16 - 5.0 10 »V
3 @8 Lmiting)
Detecmr Output Voltage ] - 30 - Voc
Derecmr Output Impedance - - 400 - 2
Recowred Audio Output Vottage 9 200 350 - mvrms
Ve = 10 mV)
Fitee Gaen (10 kH2) - 40 46 - cB
Ve * S mv)
F itrer Output Voltage 1 1.8 2.0 25 Vac
Trigger Mysteresis - - 100 - mv
Muw Function Low 14 - 15 50 2
Mumr Function High 14 1.0 10 a M
Scen Fenction Low (Mute Oft) 13 - [o] 05 Voc
{12 = 2 Vde)
Scan Function Migh (Mute On) 13 5.0 - - Voc
V12 = Gnd)
Mizee Conwersion Gain 3 L 20 = ok
Mixer Ioput Resistance 16 - 33 - &0
Mixer input Capecitance 16 - 2.3 - =
EE‘C - 60 Voc FIGURE 2 - TEST CIRCUIT
g VDO‘;‘: MMz w 100 nF
= 1 . 16 Input
10.7 MHz
150 oF 50 pF 51
—-{(——L—’ 2 15
2% —
muRata
CFU 455 &k - 10 &
455 D Filter 1
% 10 k o 2.0 Vdc

20 pF
.
1t
F1°7Y tperomm
1 s |1 cre00pE
| 1 Rpe100k02
[ S — |

Op Amp Output

—0 Filter In

B2k
O Audio Out

MOTOROLA TELECOMMUNICATIONS DEVICE DATA




CIRCUIT DESCRIPTION

The MC3357 is a low power FM IF circuit designed
primarily for use in voice communication scanning
receivers. .

The mixer-oscillator combination converts the input
frequency (e.g., 10.7 MHz) down to 455 kHz, where, after
external bandpass filtering, most of the amplification
is done. The audio is recovered using a conventional
quadrature FM detector. The absence of an input signal
is indicated by the presence of noise above the desired
audio frequencies. This “noise band” is monitored by
an active filter and a detector. A squelch trigger circuit
indicates the presence of noise (or a tone) by an output
which can be used 1o control scanning. At the same
time, an internal switch is operated which can be used
to mute the audio.

The oscillator is an internally-biased Colpitts type with
the collector, base, and emitter connections at Pins 4,
1, and 2 respectively. A crystal can be used in place of
the usual coil. .

The mixer is doubly-balanced to reduce spurious re-
sponses. The input impedance at Pin 16 is set by a 3.0
kQl internal biasing resistor and has low capacitance,
allowing the circuit to be preceded by 2 crystal filter.
The collector output at Pin 3 must be dc connected to
B+, below which it can swing 0.5 V.

After suitable bandpass filtering (ceramic or LC) the
signal goes to the inpu: of a five-stage limiter at Pin 5.
The output of the limiter at Pin 7 drives a multiplier,

both internally directly, and externally through 8 quad-
rature coil, to detect the FM. The output at Pin 7 is also
used 1o supply dc feedback to-Pin 5. The other side of
the first limiter stage is decoupled at Pin 6.

The recovered audio is partially filtered, then butfered
giving an impedance of around 400 N at Pin 9. The
signal still requires de-emphasis, volume control and
turther amplification before driving a loudspeaker.

A simple inverting op amp is provided with an output
at Pin 11 providing dc bias (externally) to the input at
Pin 10 which is referred internally 10 2.0 V. A filier can
be made with external impedance elements to discrim-
inate between frequencies. With an external AM detec-
tor the filtered audio signal can be checked for the pres-
ence of noise above the normal audio band, or a tone
signal. This information is applied to Pin 12.

An external positive bias to Pin 12 sets up the squelch
trigger circuit such that Pin 13 is low at an impedance
level of around 60 kM2, and the audio mute (Pin 14) is
open circuit. If Pin 12 is pulled down to 0.7 V by the
noise or tone detector, Pin 13 will rise to approximately
0.5 Vdc below supply where it can support 8 load current
of around 500 uA and Pin 14 is internally. short-circuited
to ground. There is 100 mV of hysteresis at Pin 12 to
prevent jitter. Audio muting is accomplished by con-
necting Pin 14 to 8 high-impedance ground-reference
point in the audio path between Pin 9 and the audio
amplifier.

THERMAL INFORMATION

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature, can
be found from the equation:

TJimax) -TA
Rgya(Typ)

PD(TA) =

Where: PD(TA) = Power Dissipation allowable at a given
operating ambient temperature. This must be greater than

the sum of the products of the supply voltages and supply
currents at the worst case operating condition.

TJ(m") = Maximum Operating Junction Temperature
23 listed in the Maximum Ratings Section
TA = Maximum Desired Operating Ambient
Temperature
RgJA(Typ) = Typical Thermal Resistance Junction to
Ambient




TC-9122P (BCD PROGRAMMABLE COUNTER)

MAXDUM RATINGS (Ta=25°C)

SYMBOL DLSCRIPTION RATINGS UNIT
Voo Supply Voliage 10 v
Vin Input Voltage —03~Vo+03 | V
Tora Operaung Tempensiur -30~ 75 °c
Tsim Storage Tempenature -85~128 ‘c

PIN CONNECTION

(1Y) rouT
) o2
ED‘
[] ca
=3
gc:
wisl
[ 04

voo (T] Euno

» m (7]
a [3]
a @
a [@]
~ ]
= [7]
(T}
= (7]
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160 ~ 00K
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soKn
+
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x X X100 %1000
BCD CHART
10KHz 100K Hz 1MHz
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|
MEUTREED Al A2 A3 A4 | B1 B2 B3 B4 [C1 €2 €3 cC4
144 00 & L L L L L L L i L, ~H L
144.01 H L L L L L L i L i} H L
144.02 L H L L L L L L L L H L
A 144.03 H H L L | L L L L L L H L=

(8]
Z 14598 L L L H H°L L H|H L H L
3 14599 H L L H H L L H H L H L
W 146.00 L L L L L L L L L H H L
w 146.01 H L L L L L L L L H H L
146.11 H L L L H L L L L H H L
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