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/1 Author: Bayl or Electronechani cal Systemns

/1

/1 Operates on an external 18.432 MHz oscill ator

/1

/1 Target: Cygnal Educational Devel opnent Board / C8051F020
/] Tool chain: KEIL C51 6.03 / KEIL EVAL C51

/1 Utilizes external m crophone and speaker devices and neasures the distance
/1 between them Qutput is display on the LCD

/1

I T T I
/1 1ncludes

I T I P
#i ncl ude <c8051f 020. h> /1 SFR decl arati ons

#i ncl ude <stdi o. h>

I T I P
/] 16-bit SFR Definitions for 'F02x

I T T I
sfrl16 DP = 0x82; /1 data pointer

sfr16 TVMR3RL = 0x92; /Il Timer3 rel oad val ue

sfr16 TMR3 = 0x94; /'l Timer3 counter

sfr16 ADCO = Oxbe; // ADCO dat a

sfr16 ADCOGT = Oxc4; /1 ADCO greater than w ndow

sfr16 ADCOLT = 0Xc6; // ADCO | ess than w ndow

sfr16 RCAP2 = Oxca; /1 Timer2 capture/rel oad

sfrl6 T2 = 0xcc; /Il Timer2

sfr16 RCAP4 = Oxe4; /1 Timer4 capture/rel oad

sfri6 T4 = Oxf 4; /1l Timer4

sfr16 DACO = 0xd2; // DACO data

sfr16 DACl = 0xd5; /] DACl data

I T T I
/1 Function PROTOTYPES

I T T I

void main (void);

void SYSCLK Init (void);

void PORT Init (void);

void UARTO Init (void);

void Timer3_Init (int counts);
void ADCL Init (void);

void ADCL | SR (void);

void Timer2_Init (void);

void delay (int mllisec);
void Timerd4_Init (int counts);
void Timer4_| SR (void);

/1 G obal CONSTANTS



#def i ne SYSCLK 18432000 /1 SYSCLK frequency in Hz
#def i ne BAUDRATE 9600 /1 Baud rate of UART in bps
#def i ne SAMPLE_RATE_DAC 80000L /1 DAC sampling rate in Hz
#def i ne PHASE PRECI S| ON 65536 /1 range of phase accumul at or
#defi ne SAMPLE_RATE 120000L /1 Sanple frequency in Hz (ADC)
typedef union Ing { /1 access a long variable as two
| ong Long; /1 16-bit integer val ues
int Int[2];
} Ing;
e L e LR
/] dobal Variables
e L e LR

unsi gned int phase_add 1000 * PHASE PRECI SI ON / SAMPLE_RATE_DAC,

unsi gned int anplitude 0; /1 start out with anplitude of O

/] see the Tinmer 4 | SR

/1 a full cycle, 16-bit, 2's conplenment sine wave |ookup table

[
int code SINE_TABLE[ 256] {
0x0000, 0x0324, 0x0647, 0x096a, 0x0c8b, 0x0fab, 0x12c8, 0xl1l5e2,
0x18f8, O0x1lcOb, O0x1f19, 0x2223, 0x2528, 0x2826, 0x2blf, O0x2ell
0x30f b, 0x33de, 0x36ba, 0x398c, 0x3c56, O0x3f17, Ox41lce, 0x447a,
0x471c, 0x49b4, O0x4c3f, Ox4ebf, 0x5133, 0x539b, O0x55f5, 0x5842,
0Ox5a82, 0x5ch4, O0xbed7, 0x60ec, 0x62f2, 0x64e8, 0x66¢cf, 0x68a6,
Ox6a6d, 0x6c¢24, Ox6dca, Ox6f5f, 0x70e2, 0x7255, 0x73b5, 0x7504,
0x7641, O0x776c, 0x7884, 0x798a, O0x7a7d, Ox7b5d, 0x7c29, 0x7ces3,
0x7d8a, Ox7eld, O0x7e9d, Ox7f09, O0x7f62, Ox7fa7, Ox7fd8, Ox7ff6,
Ox7fff, Ox7ff6, Ox7fd8, Ox7fa7, Ox7f62, Ox7f09, 0x7e9d, Ox7eld,
Ox7d8a, 0x7ce3, 0x7c29, O0x7b5d, Ox7a7d, 0x798a, 0x7884, 0x776c,
0x7641, 0x7504, 0x73b5, 0x7255, 0x70e2, Ox6f5f, Ox6dca, 0x6c¢c24,
Ox6a6d, 0x68a6, 0x66¢cf, 0x64e8, 0x62f2, 0x60ec, O0x5ed7, 0x5ch4,
0x5a82, 0x5842, 0x55f5, 0x539b, 0x5133, Ox4ebf, 0x4c3f, 0x49b4,
0x471c, Ox447a, 0Ox4lce, 0x3f17, 0x3c56, 0x398c, 0x36ba, 0x33de,
0x30f b, 0x2ell, O0x2bilf, 0x2826, 0x2528, 0x2223, 0x1f19, 0x1lcOb
0x18f8, 0x1l5e2, 0x12c8, O0xO0f ab, 0x0c8b, 0x096a, 0x0647, 0x0324,
0x0000, Oxfcdc, Oxf9b9, Oxf696, Oxf375, Oxf055, 0xed38, Oxeale,
0xe708, 0Oxe3f5, 0OxelOe7, 0Oxdddd, Oxdad8, Oxd7da, Oxd4el, Oxdlef,
Oxcf 05, 0Oxcc22, 0xc946, 0xc674, Oxc3aa, 0Oxc0e9, 0xbe32, 0xbb86,
Oxb8e4, 0xb64c, 0xb3cl, O0xbl41l, Oxaecd, Oxac65, OxaaOb, Oxa7be,
Oxab7e, 0xa34c, 0xal29, O0x9f 14, 0x9d0Oe, 0x9b18, 0x9931, 0x975a,
0x9593, 0x93dc, 0x9236, 0x90al, 0x8fle, 0x8dab, 0x8c4b, 0x8afc,
0x89bf, 0x8894, 0x877c, 0x8676, 0x8583, 0x84a3, 0x83d7, 0x831d,



0x8276,
0x8000,
0x8276,
0x89bf ,
0x9593,
Oxab57e,
0Oxb8e4,
Oxcf 05,
0Oxe708,

0x81e3,
0x800a,
0x831d,
Ox8af c,
0x975a,
Oxa7be,
0xbb86,
Oxdlef,
Oxeale,

0x8163,
0x8028,
0x83d7,
0x8c4b,
0x9931,
Oxaa0b,
Oxbe32,
Oxd4el,
Oxed38,

0x80f 7,
0x8059,
0x84a3,
Ox8dab,
0x9b18,
Oxac65,
Oxc0e9,
Oxd7da,
Oxf 055,

0x809e,
0x809e,
0x8583,
Ox8f le,
0x9dOe,
Oxaecd,
Oxc3aa,
Oxdads,
Ooxf 375,

0x8059,
0x80f 7,
0x8676,
0x90a1l,
0x9f 14,
Oxb141,
0Oxc674,
Oxdddd,
Oxf 696,

0x8028,
0x8163,
0Ox877c,
0x9236,
0Oxalz29,
Oxb3c1,
0xc946,
Oxe0e7,
Oxf 9b9,

0x800a,
0x81e3,
0x8894,
0x93dc,
Oxa34c,
Oxb64c,
Oxcc22,
Oxe3f 5,
Ooxf cdc,

g

// MAIN Routine

void main (void) {

int i,j,dec;
l ong Tine, distacc;
int max, tenp;

VWDTCN
WDTCN

Oxde;
Oxad;

SYSCLK I nit ();
PORT Init ();

/1
REFOCN =

= 0x03;
DACICN =

0x97;

/1 Disable watchdog tiner

initializations for wave generation
/1 enable interna

VREF gener at or

/1 enable DACL in left-justified node

Ti mer 4_1 ni t (SYSCLK/ SAMPLE_RATE_DAC) ;

UARTO_I ni t
Tinmer3_Init

();
at

Timer2_lnit ();
ADCL Init ();
ADCLCN | = 0x80;
EA = 1,
put char
put char
dec = 4;
val ues)

di st acc=0;
whi | e(1){

anplitude = 5 * 655;

(254);
(0x01);

/1
/1
/1
/1

after
passed.

( SYSCLK/ SAMPLE_RATE) ;

/1 Enabl e

using Tinmer4 as update schedul er
initialize T4 to update DAC1
(SYSCLK cycl es)/sanpl e have

/1 initialize Tiner3 to overfl ow
/1 sanple rate

/] init Timer 2

/1 init ADC

/1 enabl e ADCl

gl obal interrupts
/1 LCD conmand

/1l clear LCD

/1 decimate nunber (to average 4

// init accunul ator

/1 set anplitude



max = O; /1
del ay (100); /1
for (i=0;i<= 15;i++)

for (j=0; j<=200;]j ++)
{

if (ADCL > max ) /1

max = ADCI;
}

tenmp = max >> 4;
max = max + tenp; /1
T2=0;

anpl i tude =0;
DAC1=0x8000 ™ 32767; /1
DAC1=0x8000 ™ 32767; /1

TR2=1;
whil e (ADC1L <= max);
TR2=0;
Time = T2;
Ti me Time / 2000;
Ti ne Time * 7703;
Ti ne Time / 5000;
Ti ne (( Tinme * 250) - 1177 ) |/
di stacc += Tinme +1;

add to acc

dec- -;
if (dec ==0)
of 4 val ues

{
tenmp = distacc >> 2; /1
printf ("Distance is \n %l
dec = 4;
di stacc = 0O;
del ay (500);
put char (254);
put char (0x01);

}

del ay (30);

} /1 end while(1)

} // end main

// 1nit Routines

e

/1 SYSCLK_I nit

e

/1

dunp max
wait for settle

if adc value is greater than

/] adc becones new max

I ncrease max by x%
/1 dunp Timer2

/1 stop sine wave
Generate i npul se
Generate inpul se

[/ Start Timer 2

/1 Stop Timer 2
/Il Time = Tiner 2 val ue

250;
/] cal cul ate di stance and

/1 decrenment dec
/1 when dec = 0 take avg
shift to divide by 4
in\n", tem);
/'l reset dec
/1 dunp distacc
/1 wait

// LCD conmmand
/1l clear LCD

/1 wait



/1 This routine initializes the systemclock to use a 18.432MHz crystal
/1 as its clock source.
/1
voi d SYSCLK Init (void)
{
int i; /1 delay counter
OSCXCN = 0x67; /] start external oscillator with
/1 18.432MHz crystal
for (i=0; i < 256; i++) ; /1 Wait for osc. to start up
while (!(OSCXCN & 0x80)) ; /1 Wait for crystal osc. to settle
OSCI CN = 0x88; /1 select external oscillator as SYSCLK
/1 source and enabl e m ssing cl ock
/1 detector
}
I e e e
/1 PORT_Init
I R R L
/1
/1 Configure the Crossbhar and GPI O ports
/1
void PORT Init (void)
{
XBRO = 0x04; /1 Enabl e UARTO
XBR1 = 0x00;
XBR2 = 0x40; /1 Enabl e crossbar and weak pull-up
PONMDQOUT | = 0x01; /1 Set TXO pin to push-pull
P1IMDI N = OXFC; /1 1nput configuration for P1
/1 Set P1.0 as Anal og
I nput Al1.0
P1MDOUT = 0x00;
P1 = OxFF;
}
I R R L
/1 Timer2_ Init
I e e e
/1 This routine initializes Tinmer2 in auto-reload nbde to generate interrupts
/1 at intervals specified in <counts>.
/1
void Timer2_Init (void)
{
T2CON | = 0x04; /1 start Tiner2
T2 = 0;
CKCON | =0x20; /1 Timer2 uses sysclk
}



Tinmer3_Init

Configure Tiner3 to auto-reload at interval specified by <counts> (no
i nterrupt generated) using SYSCLK as its tinme base.
d Tiner3_Init (int counts)
TMR3CN = 0x02; /1 Stop Tinmer3; Clear TF3
/1 use SYSCLK as tinebase
TMR3BRL = -counts; /1 Init reload val ues
TVR3 = Oxffff; /1 set to reload i mediately
El E2 &= ~0x01; /1 disable Tiner3 interrupts
TMR3CN | = 0x04; /1 start Tiner3
Timer4 Init

This routine initializes Tiner4 in auto-reload node to generate interrupts

/1
/1
/1

/1
/1

STOP tiner; set to auto-rel oad node
T4AM = '"1'; Timer4 counts SYSCLKs
set rel oad val ue

enable Tiner4 interrupts
start Timer4

f or <baudrate> and 8- N-1.
// SCONO: nopbde 1, 8-bit UART, enable RX
// TMOD: tinmer 1, npde 2, 8-bit rel oad
/] set Timerl rel oad val ue for baudrate
// start Tinmerl
// Timerl uses SYSCLK as tine base
// SMODO = 1
/1 Indicate TXO0 ready

at intervals specified in <counts>.
d Tinerd_Init (int counts)

TACON = 0;

CKCON | = 0x40;

RCAP4 = -counts;

T4 = RCAP4;

El E2 | = 0x04;

T4ACON | = 0x04;

UARTO_I ni t

Configure the UARTO using Tinerl,
d UARTO_Init (void)

SCONO = 0x50;

TMOD = 0x20;

TH1 = - ( SYSCLK/ BAUDRATE/ 16) ;
TR1 = 1;

CKCON | = 0x10;

PCON | = 0x80;

TIO = 1;

ADC1_Init

Configure ADCl to use Tinmer3 overflows as conversion source,
generate an interrupt on conversion conplete,
Enabl es ADC end of conversion interrupt.

out put node.

to
and to use left-justified

Leaves ADC di sabl ed.



/1
void ADCL Init (void)

AMX1SL = 0x00; // AMUX1 Channel Sel ect Register
/1 Select Analog Input AL. O
ADCLCF = 0x10; // ADCl Configuration Register
ADCICN = 0x82; [// ADCl Control Register
/1l convert on Tiner3 overfl ow
/1 EIE2 | = 0x08; /1 enable ADCl interrupts

/1 Interrupt Handlers

/1 This ISRis called on Tiner4 overflows. Tinerd4 is set to auto-reload node
/1 and is used to schedule the DAC output sanple rate in this exanple.

/! Note that the value that is witten to DACL during this ISR call is

/1 actually transferred to DAC1 at the next Timer4 overfl ow

void Timerd4_ | SR (void) interrupt 16 using 3

{

static unsigned phase acc = 0; // holds phase accumnul at or

int templ; /1 the temporary val ue that passes
/1 through 3 stages before being witten
/1 to DACl

int code *table_ ptr; /1 pointer to the | ookup table

I ng tenporary_ | ong; /1 holds the result of a 16-bit nultiply

T4CON &= ~0x80; /1 clear T4 overflow flag

table_ptr = SI NE_TABLE

phase_acc += phase_add; /1 increnment phase accumul ator

/1 set the value of <tenmpl> to the next output of DACL at full-scale
/1 anplitude; the rails are +32767, -32768

/1 sine wave generation
templ = *(table_ptr + (phase_acc >> 8));

/1 Adjust the Gain



tenporary_long.Long = (long) ((long)tenpl * (long)anplitude);

tenmpl = tenporary_long.Int[0];

// Add a DC bias to make the rails 0 to 65535

/1 sane as tenporary |long >> 16

/1 Note: the XOR with 0x8000 translates the bipolar quantity into

/1 a unipolar quantity.

DACL = 0x8000 " tenpl;

e

/1 ADCL_I SR

/1 ADCl end- of -conversion | SR
/1

void ADCL ISR (void) interrupt 15
{

ADCICN &= ~0x20;

/1 delay routine
/1
void delay (int mllisec)
{
int i,j;
for (j=0;j<=20;] ++)

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

/1 clear ADC conversion conplete
/1 indicator



