BYTE
CRAFT

ApplicationsNote

LIMITED

Complex Embedded Applications on a COP8L] Device

You can usethe COP8C Code Development System to
create and manage a complex embedded application for a
COP80-based device. This Application Note explains how
to create a user interface, play a sound file, and report on
COP8™ |CU peripherals.

COP8C is a Code Development System from Byte Craft
Limited. It includes an optimizing C compiler, the BCLink
linker, device header files for all COP80 devices, and libraries
for many common embedded functions.

The new COP8FLASH device is suitable for complex control
devices, with the memory to run a user-friendly LCD text-
message interface. Programming such a user interfacein
assembly is an unnecessary chore: this application note
includes a complex control application, written in C using Byte
Craft’s COP8C Code Development System.

For COP8C product information, see
http://www.bytecraft.com/icop.html

For COP8C technical support, please contact us at
support@bytecraft.com
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Sample Application

This sample application lets the user choose multiple functions
from the two-line LCD display of the ICU, using two switches
and adia control. The functionsinclude:

» Displaying the output of the COP8™ A/D converters.
»  Playing sound samples through the ICU’ s piezo speaker.

» Displaying text messages.
e Toggles prompt sounds on and off.

It also communicates with the COP8FLASH
Reference\Application Design console: you can make
adjustments in the console, and then check them using the
menu system.

Loading the Pre-compiled Binaries

This application note is accompanied in some distributions by

e cop8capp. c: thesource code for the application
described above.

e cop8capp. cod: the Byte Craft . CODfilefor usein the
Metal ink in-system emulator.

* cop8capp. hex: ahex dump file for National’s Betalite
software.

If thefileis not present, surf to http://www.bytecr aft.com for
more information and copies of thefiles.

If you are using a Metal ink in-system emulator:

1. Loadcop8capp. cod. ThisisaByte Craft object file,
which contains the executable and debugging information.

2. Click the GObutton from the toolbar. The ICU should
display a*“ splash screen” and begin playing arhythm
through the piezo speaker.

If you are using National’ s Betalite software, use
cop8capp. hex.

This application was tested with the COPS8FLASH
Reference\Application Design console, version 1.0. Though
later versions might be available, they are not guaranteed to
work with this application. In online distributions of this
application note and accompanying files, atested version of
the COP8FLASH consoleis available in the

Host i nstal | ati on subdirectory. Runtheset up. exe
program to install it.
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Using the Application

The application acts much like a consumer control device:
prompt messages appear on the LCD, and the user turnsthe
dia control to scroll through options. The user can press
switch 2 to select, and switch 1 to cancel.

Canceal
(S1)

OK
(S2)

Dial Cantral

The menu includes sections and subsections: the user can back
out all the way by repeatedly pressing switch 1.

Preparing the sound files

A . VWAV fileis astream of samples taken from an A/D
converter in asound capture device. The format of the file can
vary, but this application uses 8kHz 8-bit mono . WAV files
only.

The method we used to dump and rewrite the . WAV filesas a
Cincludefileisin the comments of cop8capp. c. The wave
datais obtained using a hex dump utility and an awk script.
The sound sample is output by the awk script asalist of db
statementsin an inline assembly block. The awk script also
writesa C #def i ne statement that records the size of the
sound table.

The main() Routine

mai n() containsthe overall loop of the embedded
application. After initialization, it enters an infinite loop that
updates the display if necessary, services the two switches,
performs sound effects for the dial control, and processes
codes from the COP8FLASH console. Console commands are
dispatched based on the command sent, but switch presses
cause the program to pass control to

handl e_nenu_r equest ().

The Menu System

The main loop updates the display based on the
refresh_display flag.__ TI MERTO() updates

i tem sel ecti on,usingmenu_sel ect i on to find the
upper limit of any group of items.

4
In response to a switch press, mai n() calls
handl e_nenu_r equest () . It usesthe current values of
menu_sel ectionanditem sel ecti on tofindthe
desired function from the selection tables (one for OK and one
for CANCEL). Some entries are flagged with ENTER_MENU
or EXI T_MENU: if the desired function is flagged, the value is
actually amenuitem; nenu_sel ecti on and
i tem sel ecti on arereset from the table, effectively
changing the menu level. If no flag is present, the valueis a
function; handl e_nmenu_r equest () thencalsthe
function.

Playing a sound sample

Playing a sound sample uses a timer-driven interrupt to iter
through sound sample values, and atimer configured as a
Pulse Width Modulator to drive the piezo speaker. The routine
enabl e_ti nmer2() configurestimer 2 to invoke an
interrupt at an 8kHz rate.

Thefunction __ TI MERT2A() servicestheinterrupt. It uses
the FLASH support routine r eadbf () to read abyte from
ROM. It loads this value into the A and B autoload registers of
timer 3.

Timer 3 counts down from A until it reaches O, toggles the
output pin connected to the amplifier and the piezo speaker,
and repeats with B. Since each sample is a byte-sized unsigned
integer, we load A with the sample and B with its complement.

The global variable sanpl e_i ndex tracks the position of
the current sound output value, and the local variable

| ast _sanpl e keepsthe position of the last samplein the
playback routines.

Note that the sound coming directly from the piezo is quite
harsh, but that the audio being played back is of higher quality.
Connect an appropriate small speaker across the terminals of
the piezo device, and you will hear a better quality audio
output.

The Real-Time Clock and ID bytes

When first programmed, the real time clock will initialize to
the time that the program was compiled. If the internal 1D
string has changed (this occurs when the clock is set), the
clock will be reinitialized from the internally-stored time.

Therea-time clock isdriven by Timer 0. The __ TI MERTO()
function checks the dial encoder, and increments

ti ck_counter.update_cl ock(),whichiscaled by
switch checks and sound playback, carriesticks over to the
seconds, minutes, and hours counts.

To set the real-time clock from the dial encoder, the program
preempts the menu item selection mechanism. An infinite loop
watches for the cancel switch. Each time the dial encoder
moves another position (updated inthe T MERTO( )
interrupt), the program adds a second to the clock.

store_id_cl ock() usesthe FLASH support routinesto
read, update, and rewrite a block of flash.
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SOURCE CODE: cop8capp.c

/* COP8C Code Devel opnent System
Sanpl e Application for National Sem conductor:
Fl ash Devi ce
This code may be adapted for any purpose
when used with the COP8C Code Devel oprent
System No warranty is inplied or given
as to their usability for any purpose.

(c) Copyright 2000 Byte Craft Limted

421 King St.N., Waterl oo, ON, Canada, N2J 4E4
VO CE: 1 (519) 888 6911

FAX : 1 (519) 746 6751

enmai | : support @ytecraft.com

REVI SI ON HI STORY
V1.00 AL 06/00 Initial version
*/
#pragma option fO /* no page breaks in listing file */
#pragma option CALLMAP /* add call map to listing file */
#define _ NOL6BI T_NOVATH | SR /* use sinplified versions of SaveContext() */
#define __SHOW LI BRARY
/*
This sanple application plays a .wav audio file on a speaker
using the COP8's high speed PVWM

The wave data is obtained using a hex dunp utility and an awk script
$ hexdunp -x beat.wav > beak. dunp
$ awk -f wave.awk beat.dunp > beat.c

#it#H# wave. awk #itH#
BEG N { star_count = 0 }
BEG N {print "#asni'}
BEG N {print "beat_wave_table"}
BEG N { byt e_count =0}
BEG N {start_ski p_count =0}

if (star_count==0)

++start_ski p_count

}
}

{ # add three '*'s to the dunp to nark
# where you want to start playing

# add one nore '*' to mark the end
f($1 == "*")

++st ar _count

if ( (star_count == 3) || (start_skip_count > 64) )

for (i=2;i<=NF;i++)

{
print " db Ox" substr($i, 1, 2)
print " db Ox" substr($i, 3, 2)
++byt e_count
++byt e_count

}

}
}

END { print "#endasn'}
END { print "#define BEAT_WAVE TABLE SIZE " byte_count }
#i## wave. awk ##H#H
The . WAV file used nust be 8khz 8bit nono.

The sound is synthesized by applying a new 8bit sanple voltage every 125us
(8khz). Timer 2 is configured to generate an interrupt every 125us.
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cal cul ati ons

The sanpl e voltage needs to be changed at a rate of 8khz
1/ 8khz = 125us

At 10Mhz every cycly requires 1lus. 125us/1lus = 125 = 0x007d

Inside the tiner 2 interrupt, tiner 3 is set up to generate a PWM vol tage on

the speaker corresponding the the current wave sanple. The PWM generates a

40khz carrier frequency. The sanple determ nes the duty cycle
cal cul ati ons

The square wave period is 0x100 cycles. At 10Mhz in high speed node
every cycle is 100ns. This gives a 100ns * 0x100 = 25.6us ~= 40khz
carrier frequency. |If the sanple is 0x40. Tinme on is 0x40*100ns
Tinme off is (0x100-0x40)*100ns

*/

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<dev\fl ashcop. h> /* Device Header File */
<l cd. h>

<string. h>

<stdi 0. h>

<stdlib. h>

<startup. h>

<port.h>

<flash. h>

<cop8_i sr. h>

[* i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

brary function aliases */

ne LCD BUSY_CHECK() Icd delay()

ne LCD WRI TE_DATA(BYTE) nmwi re_write(BYTE)
ne LCD_DATA I N_CONTROL_OUT() DDR WAI T()
ne LCD DATA_ OUT_CONTROL_QUT() DDR WAIT()
ne LCD_CONTROL_SET_READ_MODE( )

ne LCD CONTROL_SET_WRI TE_MODE( )

ne LCD E_PORT PORTE

ne LCDE PIN 6

ne LCD RS_PORT PORTE

ne LCD RS PIN 7

ne getch() uart_getch()

ne put ch(CHAR) | cd_put ch( CHAR)

ne itoa( VAL, DEST, RADI X) ui 8t oa( VAL, DEST, RADI X) /* unsigned 8 bit
ne uart_clrscr() uart_putch('\f");

ne lcd_clrscr() lcd_send_control (LCDCLR)
ne clrscr() lcd_clrscr()

i nt eger

/* startup initialization */

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

#i ncl

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

ude

CNTRL_STARTUP_VAL
PORTA_STARTUP_DATA
PORTA_STARTUP_CONF
PORTB_STARTUP_DATA
PORTB_STARTUP_CONF
PORTC_STARTUP_DATA
PORTC_STARTUP_CONF
PORTD_STARTUP_DATA
PORTE_STARTUP_DATA
PORTE_STARTUP_CONF
PORTF_STARTUP_DATA
PORTF_STARTUP_CONF
PORTG_STARTUP_DATA
PORTG_STARTUP_CONF
PORTL_STARTUP_DATA
PORTL_STARTUP_CONF
LI GHT_SW TCH_PORT

LI GHT_SW TCH_PI N

"beat . c"

0x08
0b00000000
e
0b00000000
I'1'1 G0000
0b00101011
aala
0b00000000
0b11000000
calroal
0b00000011
Irroal
0b00000101
|1 000a O
0b00101000
[NooNeoo)
PORTLP
7

~ e e e e e e~

~——

¥k ok ok Ok %k ok Ok Xk 3k

* % ok

init mcrowire */
DEFAULT DATA */

ALL WEEK PULL-UP I NP */

DEFAULT DATA */

SET TO LOWN (OP AS VOLTAGE FOLLOVER)

DEFAULT DATA */

ROTARY ENCODER | NP VKP, ANALOG POVNER
DEFAULT DATA ALL LOW*/

DEFAULT DATA */

*/

*/
QUTPUT ON */

SCL AND SDA QUTPUT LOWALL OTHER HZ | NP */

DEFAULT DATA */

PB I NP WP, RADI O'| RDA SD LOW ( OFF)

DEFAULT DATA */
DEFAULT DATA */

LOW SPEED OSC MJUST BE HZ TO WORK */

/* beat wave table */

#include "greeting.c" /* greeting wave table */

*/

le };

enum wave_t abl e_enum { BEAT_WAVE , GREETI NG_WAVE };
const |ong wave_tables[] = { beat_wave_tabl e greeting_wave tab
const |ong wave table sizes[] = { BEAT WAVE TABLE SIZE GREETI NG WAVE_TABLE_ S|

bit sound_enabl ed

/* PWMreload value to get 8k interrupts

ZE };
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* per second */
#defi ne TI MER_RELOAD 8khz_LO 0x7D
#define TI MER_RELOAD_8khz_H  0x00
unsi gned | ong regi ster sanpl e_i ndex;

#defi ne Tl CKS_PER_SECOND 488

unsi gned | ong register tick_counter;

const char id_clock[] = "ZBCL 56789012345";
char new_i d_cl ock[si zeof (i d_cl ock)];

char cl ock_hours;

char cl ock_mi nutes;

char cl ock_seconds;

char idl,id2,id3,id4; /* ID bytes */

/* hardware UART ring buffer */
char uart_receive_buffer[20];

char far * uart_receive_pointer_in;
char far * uart_receive_pointer_out;

#define BUTTONL_PIN O
#define BUTTON2_PIN 1
#def i ne BUTTONL_PORT PORTFP
#defi ne BUTTON2_PORT PORTFP
#def i ne BUTTON1 1
#defi ne BUTTON2 2
#def i ne BOTH_BUTTONS 3
#defi ne CANCEL_BUTTON BUTTONL
#def i ne OK_BUTTON BUTTON2

/* host commands */

#define HOST_SET _TIME  0x01
#def i ne HOST_GET_ADC 0x03
#defi ne HOST_PLAY_AUDI O 0x05
#def i ne HOST_SET_ID 0x0d
#define HOST_SEND | D 0x0b

#def i ne ENTER_MENU 0x80
#define EXI T_MENU 0x40

int register nmenu_sel ection;
int register itemselection;
bit refresh_displ ay;

bit do_click;

#define MAIN_ MENU SIZE 4

#define ADC_MENU SIZE 16

#define AUDI O MENU_SI ZE 3

#define TI ME_MENU_SI ZE 3

#defi ne ABOUT_MENU_SI ZE 3

const int nmenu_sizes[] = { MAIN_MENU SIZE-1, ADC MENU S| ZE-1, AUDI O MENU SI ZE-1, TI ME_MENU SI ZE- 1,
ABOUT_MENU_SI ZE-1 };

enum nmenu_function_i ndex

{
show_adc_i ndex, play_wave_| oop_i ndex, play_wave_index, toggle_sound_i ndex,
show time_i ndex, store_tinme_index, set_tine_index,
show_conpi |l e_tinme_i ndex, show_conpil e_date_i ndex, show ROM.i d_i ndex,
not _handl ed_i ndex
i
enum MENUS
{

MAI N_MENU=0, ADC_MENU, AUDI O MENU, TIME_MENU, ABOUT_MENU,
NUVBER_OF MENUES

b
char current_nenu_i t enf NUMBER_OF_MENUES] ;
enum | TEMS
{
SELECT_ADC_MENU=0,
SELECT_AUDI O_MENU,
SELECT_TI ME_MENU,
SELECT_ABOUT_MENU,
VI EW CHANNEL_0=0,
VI EW CHANNEL _1,
VI EW CHANNEL 2,
VI EW CHANNEL _3,
VI EW CHANNEL 4,
VI EW CHANNEL _5,
VI EW CHANNEL_6,
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VI EW CHANNEL_7,
VI EW CHANNEL_8,
VI EW CHANNEL 9,
VI EW CHANNEL_10,
VI EW CHANNEL 11,
VI EW CHANNEL 12,
VI EW CHANNEL 13,
VI EW CHANNEL 14,
VI EW CHANNEL 15,
PLAY_BEAT=0,
PLAY_GREETI NG
TOGGLE_AUDI O,
SHOW TT ME=0,
STORE_TI ME,
SET_TI ME,

COVPI LE_TI ME=0,
COVPI LE_DATE,
SHOW ROM | D

cbnst char far * menu_strings[] = {

"Main Menu",
"Vi ew ADC',

" Audi 0",

"Ti me",

" About ",

"Vi ew ADC',

" Channel 0",

" Channel 1",

" Channel 2",

" Channel 3",

" Channel 4",

" Channel 5",

" Channel 6",

" Channel 7",

" Channel 8",

" Channel 9",

" Channel 10",
"Channel 11",
"Channel 12",
" Channel 13",
" Channel 14",
" Channel 15",
" Audi 0",

"Play a Beat",
"Play Greeting",
"Toggl e Sound",
"Ti me",

" Show Ti nme",
"Store Tine",
"Set Tine",

" About ",
"Conpile Time"
"Conpi |l e Date",
" D

const char ok_nenu_sel ection_table[] =

{
/*

VENU, | TEM
MAI N_MVENU, SELECT_ADC_NMENU,

MAIN_VENU, SELECT_AUDI O_MENU,
MAIN_MENU,  SELECT TI ME_MENU,
MAIN_VENU, SELECT ABOUT_MENU,
ADC_MENU, VI EW CHANNEL_O,
ADC_MENU, VI EW CHANNEL 1,
ADC_MENU, VI EW CHANNEL 2,
ADC_MENU, VI EW CHANNEL_3,
ADC_MENU, VI EW CHANNEL 3,
ADC_MENU, VI EW CHANNEL 4,
ADC_MENU, VI EW CHANNEL_5,
ADC_MENU, VI EW CHANNEL_6,
ADC_MENU, VI EW CHANNEL 7,
ADC_MENU, VI EW CHANNEL_8,
ADC_MENU, VI EW CHANNEL_9,
ADC_MENU, VI EW CHANNEL_10,
ADC_MENU, VI EW CHANNEL 11,
ADC_MENU, VI EW CHANNEL 12,

ENTER_MENU|
ENTER_MENU|
ENTER_MENU|
ENTER_MENU|

FUNCTI ON HANDLER, */

ADC_
AUDI O_
TI VE_

ABQUT

show adc_i

show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i
show_adc_i

MENU
MENU
MENU
MENU
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,
ndex,

Application Note




Application Note

ADC_MENU,
ADC_MENU,
ADC_MENU,

AUDI O_MENU,

AUDI O_VENU,

AUDI O_MENU,

TI ME_NVENU,
TI ME_MENU,
TI ME_NVENU,

ABOUT_MENU,

ABOUT_MENU,

ABOUT_MENU,

}s

VI EW CHANNEL_13, show_adc_i ndex,
VI EW CHANNEL _14, show_adc_i ndex,
VI EW CHANNEL 15, show_adc_i ndex,
PLAY_BEAT, pl ay_wave_| oop_i ndex,
PLAY_GREETI NG pl ay_wave_i ndex,
TOGGLE_AUDI O, t oggl e_sound_i ndex,
SHOW TI ME, show_ti ne_i ndex,
STORE_TI ME, store_tinme_i ndex,
SET_TI ME, set _tinme_index,

COWPI LE_TI ME, show_conpi | e_ti ne_i ndex,
COWPI LE_DATE, show_conpi | e_dat e_i ndex,
SHOW ROM | D, show_ROM. i d_i ndex

const char cancel _nmenu_sel ection_table[] =

{
[+ VENU,
MAI N_MVENU,
MAI N_MVENU,
MAI N_MENU,
MAI N_MVENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
ADC_MENU,
AUDI O_MENU,
AUDI O_VENU,
AUDI O_MENU,
TI ME_VENU,
TI ME_NMENU,
TI ME_VENU,
ABOUT_NMENU,
ABOUT_MENU,
ABOUT_NMENU,

b
char str[128];

| TEM
SELECT_ADC_NMENU,

SELECT_AUDI O_MENU,

SELECT_TI ME_MENU,

SELECT_ABOUT_MENU,

FUNCTI ON HANDLER, */
not _handl ed_i ndex,
not _handl ed_i ndex,
not _handl ed_i ndex,
not _handl ed_i ndex,

VI EW CHANNEL_0, EXI T_MENU| MAI N_MENU,
VI EW CHANNEL 1, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 2, EXI T_MENU| MAI N_MENU,
VI EW CHANNEL_3, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 4, EXI T_MENU| MAI N_MENU,
VI EW CHANNEL 5, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL_6, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL_7, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL_8, EXI T_MENU| MAI N_MENU,
VI EW CHANNEL_9, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL_10, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 11, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 12, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 13, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 14, EXI T_MENU MAI N_MVENU,
VI EW CHANNEL 15, EXI T_MENU MAI N_MVENU,
PLAY_BEAT, EXIT_MENU MAI N_MVENU,
PLAY_GREETI NG, EXI T_MENU MAI N_MVENU,
TOGGLE_AUDI O, EXI T_MENU MAI N_MENU,
SHOW TI ME, EXI T_MENU| MAI N_MVENU,
STORE_TIME, EXI T_MENU MAI N_MENU,
SET_TIME, EXI T_MENU MAI N_MVENU,

COVPI LE_TIME, EXI T_MENU| MAI N_MENU,
COVPI LE_DATE, EXI T_MENU| MAI N_MVENU,
SHOW ROM I D, EXI T_MENU MAI N_VENU

/* tenporary string buffer */

/* This interrupt handling routine sanples the dial p
* and updates a tick counter for the real

*)
void __TI MERTO(voi d)
{

int

time clock

osition

regi ster dial_position;
int register dial_previous;
SaveCont ext () ;

const char dial _position_states[]

| CNTRL. TOPND=0;
di al _positi on=PORTCP&0b1001;

/* position reading of dial */
/* previous position reading */

= { 0x0, 0x1, 0x9, 0x8 };

/* read dial */

if( dial_position_states[dial_previous&3]!=dial_position)

if(dial_position_states[(dial_previous+1)&3]==di al _position)

if(itemsel ection>0)

item sel ection--;
refresh_di spl ay=1;
do_click=1;

{

18 .

di al _previ ous++;
el se
{

if(itemselection<menu_sizes[nmenu_selection])

{
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item sel ecti on++;
refresh_di spl ay=1;
do_click=1;

}

di al _previous--;

}

tick_counter ++;
Rest or eCont ext () ;

}
/* this interrupt handl er changes the PWM output at a rate
* of 8khz */
void __TIMERT2A(void) /* interrupt every 1/8khz = 125us */
{
SaveCont ext () ;
T2CNTRL. T2PNDA=0; /* cl ean pending flag */
readbf (sanpl e_i ndex++); /* get a byte from ROM */
T3RALO = AC, /* get a byte from ROM */
T3RBLO = -T3RALQ,
Rest or eCont ext () ;
}

/* UART receiver interrupt */
void __UARTR(voi d)

SaveContext(); /* save conpiler tenps */
*uart_receive_pointer_in=RBUF;, /* get byte fromreceiver */

/* add byte to buffer */

if( uart_receive_pointer_in == (uart_receive_buffer+sizeof(uart_receive_buffer)-1) )
uart_receive_pointer_in=uart_receive_buffer;

el se
uart_recei ve_poi nter_i n++;

/* check for overrun */
if( uart_receive_pointer_in == uart_receive_pointer_out )

if( uart_receive_pointer_out == (uart_receive_buffer+sizeof(uart_receive_buffer)-1) )
uart_recei ve_poi nter_out=uart_receive_buffer;

el se
uart _recei ve_poi nter_out ++;

}
RestoreContext(); /* restore conpiler tenps */
}

/* ignore all unexpected interrupts */
void __SW(void){}

void __EXT(void){}

void __TIMERLA(voi d){}
void __TIMERLB(voi d){}
void __M CRQ(void){}
void _ _UARTT(void){}
void __TIMERT2B(voi d){}
void __TIMERT3A(void){}
void __TI MERT3B(void){}
void _ PORTL(void){}
void __VIS(void){}

voi d updat e_cl ock(voi d)

unsi gned | ong tenp;

PSW G E=0;
tenp = tick_counter;
PSW G E=1;
i f(tenmp>TlI CKS_PER_SECOND)
{
PSW G E=0;
tick_counter- =TI CKS_PER_SECOND;
PSW G E=1;
cl ock_seconds++;
}
el se
i

i f(clock_seconds>=60)

~
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cl ock_seconds- =60;
++cl ock_m nut es;

}

el se

i f(clock_m nutes>=60)

{
cl ock_m nut es- =60;
++cl ock_hours;

}

el se

i f(clock_hours>=24)
cl ock_hour s- =24;

}
voi d uart_putch(char ch)
{
whi | e(ENU. TBMI==0); /* wait while transmi ssion in progress */
TBUF=ch;
}
char kbhit (void)
{
/* check for chacter in buffer */
if(uart_receive_pointer_in!=uart_receive_pointer_out)
return(l);
el se
return(0);
}

char uart_getch(void)

char ch;
whi | e(uart _recei ve_poi nter_in==uart_receive_pointer_out); /* wait for a character */
ch=*uart_receive_pointer_out; /* get character from buffer */

/* remove character from buffer */

if( uart_receive_pointer_out == (uart_receive_buffer+sizeof (uart_receive_buffer)-1) )
uart _recei ve_poi nter_out=uart_receive_buffer;

el se
uart _recei ve_poi nt er _out ++;

return(ch)

}

/* read_button's <button> paranmeter can be BUTTON1, BUTTON2 or BOTH BUTTONS
if <button> is not pressed O is returned
if <button> is pressed 1 is returned when it is released */

char read_button(char button)

{
char result=0;
char debounce_t enp=0x80;
updat e_cl ock();
i f (! BUTTONL_PORT. BUTTON1_PIN || ! BUTTON2_PORT.BUTTON2_PIN) /* if a button is pressed */
{
whi | e(--debounce_t enp);
switch(button) /* switch on which button state to check */
case BUTTONL: /* return 1 if button 1 is pressed */
whi | e(! BUTTON1_PORT. BUTTONL_PI N & BUTTON2_PORT. BUTTON2_PI N)
resul t=1;
br eak;
case BUTTON2: /* return 1 if button 2 is pressed */
whi | e(! BUTTON2_PORT. BUTTON2_PI N && BUTTONL_PORT. BUTTONL_PI N)
resul t=1;
br eak;
case BOTH BUTTONS: /* return 1 if both buttons are pressed */
whi | e(! BUTTON1_PORT. BUTTONL_PI N && ! BUTTON2_PORT. BUTTON2_PI N)
resul t =1;
br eak;
}
if(result!=0)
whi | e(--debounce_t enp);
return(result);
}
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/* menu actions that do nothing call this function */
voi d not _handl ed(voi d)

{

}

/* turn on or off the click when nenu itens are scrolled */
voi d toggl e_sound(voi d)

sound_enabl ed=! sound_enabl ed;

}
voi d enabl e_ti ner2(void)

/* interrupt at a rate of 8khz */
T2RBLO=T2RALO = TI MER_RELCAD_8khz_LQ
T2RBHI =T2RAH = TI MER_RELQAD 8khz_HI ;
T2CNTRL. T2C1 = 0; /* autorel oad */

T2CNTRL. T2C2 = 0;

T2CNTRL. T2C3 = 1; /* don't toggle a pin */
T2CNTRL. T2PNDA = 0; /* clean pending flag */
T2CNTRL. T2C0 = 1; /* start counting */

T2CNTRL. T2ENA = 1; /* enable timer 1 interrupt */

}
voi d disable_tinmer2(void)
{
T2CNTRL. T2ENA = 0; /* disable tinmer 1 interrupt */
T2CNTRL. T2C0 = 0; /* stop counting */
}
voi d enabl e_pwn( voi d)
{
T3RAHI = T3RBH = O;
HSTCR. T3HS = 1; /* high speed */
T3CNTRL = OxBO; /* start PWM*/
}
voi d enabl e_| ow_speed_pwnr( voi d)
{
T3RAH = T3RBH = 0;
HSTCR T3HS = 0; /* | ow speed */
T3CNTRL = 0xBO; /* start PWV */
}
voi d di sabl e_pwn(voi d)
{
T3CNTRL = 0x00; /* stop PWM */
HSTCR. T3HS = 1,
}
voi d pl ay_wave(voi d)
{
unsi gned | ong | ast _sanpl e;
sanpl e_i ndex=wave_t abl es[i tem sel ecti on];
| ast _sanpl e = wave_tabl es[item sel ection] +wave_t abl e_si zes[item sel ection];
enable_tiner2(); /* interrupt for sanple rate timng */
enabl e_pwn(); /* output sanple timng */
whi | e(sanpl e_i ndex<l ast _sanple) /* wait until all sanples are played */
updat e_cl ock();
di sabl e_pwnr() ;
di sabl e_tiner2();
}

void play_a_wave(char wave_to_pl ay)

unsigned int tenp_item
tenp_itenritem sel ection;
item sel ecti on=wave_t o_pl ay;
pl ay_wave();
itemselection=tenp_item
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void play_wave_| oop(voi d)

unsi gned | ong | ast_sanpl e;

enable_tiner2(); /* interrupt for sanple rate timng */

enabl e_pwr(); /* interrupt for sanple output timng */

sanpl e_i ndex=wave_t abl es[ BEAT_WAVE] ;

| ast _sanpl e = wave_t abl es[ BEAT_WAVE] +wave_t abl e_si zes[ BEAT_WAVE] ;
whil e(1)

i f (sanpl e_i ndex>| ast _sanpl e)
sanpl e_i ndex=wave_t abl es[ BEAT_WAVE] ;
i f(read_button(CANCEL_BUTTON)) /* keep playing until cancel button is pressed */

di sabl e_pwn();
di sabl e_tiner2();
return;
}
}
}
voi d show_adc(voi d)
{
const char progress_table[] = { "/","-","|"'","-" };
unsi gned int progress=0;
clrscr();
ENAD. PSC = 1;
ENAD&=0x0f ;
ENAD| =i t em sel ecti on<<4;
puts("channel: ");
itoa(itemsel ection,str, 10);
puts(str);
whi | e(1)
ENAD. ADBSY=1;
whi | e( ENAD. ADBSY) ;
ENAD. ADBSY=1;
| cd_got oXY(10, 1);
put ch(progress_tabl e[ progress]);
progress=(progress+1) &3;
int i=0;
int j=10;
while(--j)
while(--i)
i f(read_button(CANCEL_BUTTON)) /* cancel button exits */
return;
| cd_got oXY(O0, 1);
puts(* *);
whi | e( ENAD. ADBSY) ;
i toa( ADRSLTH, str, 0x10);
puts(str);
i toa( ADRSLTL, str, 0x10);
puts(str);
}
}
voi d show_nenu(voi d)
{
char i;
char string_index;
i f(refresh_displ ay)
{
clrscr();
string_i ndex=0;
for(i=0;i<menu_sel ection;i++)
{
string_i ndex+=menu_si zes[i] +2;
put s(nmenu_strings[string_index]);
| cd_got oXY(0, 1);
string_i ndex+=item sel ecti on+1;
puts(nmenu_strings[string_index]);
refresh_di spl ay=0;
}
}
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char light_switch(void) /* return 1 if switch changed */

static int previous = 0;
if(previous != LIGHT_SWTCH PORT. LIGHT_SWTCH PIN) /* light switch toggle? */
{

previous = LI GHT_SW TCH_PORT. LI GHT_SW TCH_PI N;
return(l);

return(0);

voi d store_tine(void)

}

PGMTI M=0x7B;

bl ock_readf (i d_cl ock&0xf f80, 128, str);

page_erase(i d_cl ock);

str[(id_clock&x7f)+0]="Q ;

str[(id_cl ock&x7f) +1] =i d1;
str[(id_clock&x7f)+2] =i d2;

str[(id_cl ock&x7f) +3] =i d3;

str[(id_cl ock&x7f) +4] =i d4;

str[(id_cl ock&x7f) +5] =cl ock_hours;

str[(id_cl ock&x7f) +6] =cl ock_mi nut es;

str[(id_cl ock&x7f)+7] =cl ock_seconds;

bl ock_writef(str+0x00, 16, (i d_cl ock&0xf f 80) +0x00) ;
bl ock_writef(str+0x10, 16, (i d_cl ock&0xf f80) +0x10) ;
bl ock_writef(str+0x20, 16, (i d_cl ock&0xf f 80) +0x20) ;
bl ock_writef(str+0x30, 16, (i d_cl ock&xf f80) +0x30) ;
bl ock_writef(str+0x40, 16, (i d_cl ock&0xf f 80) +0x40) ;
bl ock_writef(str+0x50, 16, (i d_cl ock&xf f80) +0x50) ;
bl ock_writef(str+0x60, 16, (i d_cl ock&0xf f 80) +0x60) ;
bl ock_writef(str+0x70, 16, (i d_cl ock&xff80)+0x70) ;

voi d host_set _cl ock(voi d)

}

(void)uart_getch(); /* ignore size byte */
cl ock_hours=uart _getch();

cl ock_m nut es=uart_getch();

cl ock_seconds=uart_getch();

uart _putch(0x02); /* ack */
uart_putch(0x06); /* nunber of bytes */
uart _putch(0x00); /* ok */

uart _put ch(cl ock_hours);

uart _put ch(cl ock_m nut es);

uart_putch(0); /* always send 0 seconds */
store_tine();

voi d host_read_ad(voi d)

{

{

~———

char channel ;

(void)uart_getch(); /* ignore size byte */
channel = uart_getch(); /* get the channel */
uart_putch(0x04); /* ack */

uart _putch(0x06); /* size */
uart_putch(0x00); /* ok */

ENAD. PSC = 1;

ENAD&=0x0f ;

ENAD| =channel <<4;

ENAD. ADBSY=1,

whi | e( ENAD. ADBSY) ;

ENAD. ADBSY=1,

whi | e( ENAD. ADBSY) ;

char tenp;

temp = (ADRSLTH>>6);
uart_putch(tenp); /* high result */
tenp = (ADRSLTH<<2) | (ADRSLTL>>6);
uart_putch(tenmp); /* low result */
uart _putch(l); /* gain */
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const unsigned int tones[] = /* table of frequencies for PW */

{
0x16, 0x31, //5681, /* 440Hz A */
0x14,0xf4, //5364, [* 466Hz B */
0x13, 0xc4, //5060, /* 494Hz C */
0x12, Oxac, //4780, [* 523Hz D */
0x11, 0xa0, //4512, [* 554Hz E */
0x10, 0xa2, //4258, [* 587Hz F */
0x0f, 0xb3, //4019, /* 622Hz G */
0xOe, Oxdl, //3793, /* 659Hz Al */
0x0d, Oxfd, //3581, /* 698Hz Bl */
0x0d, 0x32, //3378, /* 740Hz Cl */
0x0c, Ox74, //3188, /* 784Hz D1 */
0x0b, OxcO, //3008, /* 831Hz E1 */
0x0b, 0x18, //2840 /* 880Hz F1 */
0x16, 0x31, //5681, [* 440Hz A */
Ox14,0xf4, //5364, [* 466Hz B */
0x13,0xc4 //5060, /* 494Hz C */

}s

voi d play_tone(char tone, char tone_l ength)

unsigned int i,j;

enabl e_| ow_speed_pwr();

j =0x80;

i =0;

i f(tone>(sizeof (tones)/2))

{
T3RBLO-T3RALO=0x31;
T3RBHI =T3RAHI =0x16;
j =10;
while(--j)

while(--i);

el se

T3RBLO=-T3RALO-t ones[ t one+t one+1]; /* second byte of tone */
T3RBHI =T3RAHI =t ones[tone+tone]; /* first byte of tone */
do
{ . :
while(--j)
while(--i);
i f(read_button( CANCEL_BUTTON)) break;

}
whi |l e(tone_l ength--);

Eji sabl e_pwn();
}

voi d host _pl ay_sound(voi d)

{
char nunber _of _tones;
char tone;
char tone_l ength;
uart _putch(0x06); /* ack */
uart_putch(0x03); /* size */
uart _putch(0x00); /* ok */
nunber _of _tones = uart_getch()-2;
whi | e( hunber _of _t ones)

tone_l engt h=uart _getch();
tone=uart_getch();

nunber _of _t ones- =2;

pl ay_tone(tone, tone_| ength);

}

voi d host_set _i d(voi d)
{
(void)uart_getch(); /* ignore size byte */
i dl=uart_getch();
i d2=uart_getch();
i d3=uart_getch();
i dd=uart_getch();
uart _putch(0x0e); /* ack */
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}

uart_putch(0x07); /* size */
uart _putch(0x00); /* ok */
uart_putch(idl);

uart _putch(id2);
uart_putch(id3);

uart _putch(id4);
store_tine();

voi d host_send_i d(voi d)

{

}

(void)uart_getch(); /* ignore size byte */

uart_putch(Ox0E); /* ack */

uart _putch(0x07); /* size */

uart_putch(0x00); /* ok */

uart _putch(idl); uart_putch(id2); uart_putch(id3); uart_putch(id4);

voi d show tinme(void)

}

clrscr();
whi | e(1)
{

i f (read_button( CANCEL_BUTTON))
return;

i toa(cl ock_hours, str, 10);

puts(str);

putch(':");

itoa(cl ock_m nutes,str, 10);

puts(str);

putch(':");

i toa(cl ock_seconds, str, 10);

puts(str);

| cd_got oXY(O0, 0);

voi d set_time(void)

{

}

char save_item sel ecti on;

save_item sel ection=item sel ecti on;
i tem sel ecti on=0;

clrscr();

whil e(1)

i f(read_button( CANCEL_BUTTON))

{
item sel ecti on=save_item sel ecti on;
return;

if(itemselection!=0)

{
i tem sel ecti on=0;
cl ock_seconds+=60;

i toa(cl ock_hours, str, 10);
puts(str);

putch(':");

itoa(cl ock_m nutes,str, 10);
puts(str);

putch(':");

i toa(cl ock_seconds, str, 10);
puts(str);

| cd_got oXY(O0, 0);

voi d show_conpil e_tine(void)

{

clrscr();

puts("Conpile Time");

| cd_got oXY(O0, 1);

puts(__TIME_);

whi | e(read_butt on( CANCEL_BUTTON) ==0) ;
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voi d show_conpi | e_dat e(voi d)

{
clrscr();
put s(" Conpil e Date");
| cd_got oXY(0, 1);
puts(__DATE_);
whi | e(read_but t on( CANCEL_BUTTON) ==0) ;
}
voi d show ROM. i d(voi d)
{
clrscr();
puts("ROM I D");
| cd_got oXY(O0, 1);
mencpy(str,id_clock, si zeof (id_cl ock));
putch(str[1]); putch(str[2]); putch(str[3]); putch(str[4]);
whi | e(read_but t on( CANCEL_BUTTON) ==0) ;
}
void mvire_wite(char out_byte)
{
S| OR=out _byt e;
PSW BUSY=1,
whi | e( PSW BUSY) ;
}
voi d | cd_del ay(voi d)
{
char j=0;
while(--j);
}
const void (* menu_function[])(void) =
{
show_adc, play_wave_| oop, play_wave, toggle_sound, show_ tine,
store_tine, set_time, show conpile_tinme, show conpile_date,
show ROM i d, not_handl ed
b
voi d handl e_nmenu_request (char far * table_ptr)
{
enum menu_function_i ndex function_index;
function_index=0; /* default to first item?*/
do
{ . :
if( *table_ptr == nenu_sel ection )
if( *(table_ptr+1) == itemselection)
function_i ndex = *(table_ptr+2);
br eak;
}
}
table_ptr += 3;
}
while(1);

/* this code will never be executed

* the purpose is to nake sure these functions
* are added to the programcall tree */

char i nposi bl e=0;

i f(inposible)

{

show_adc();

pl ay_wave();

pl ay_wave_| oop();

t oggl e_sound();
show tinme();
store_tine();

set _time();
show_conpil e_tine();
show_conpi | e_date();
show ROM i d();

not _handl ed() ;

}
i f(function_i ndex&ENTER_MENU)
{
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current _menu_i tenf menu_sel ecti on] =i t em sel ecti on;
menu_sel ection = function_i ndex&( ~ENTER_MENU) ;
itemselection = current_nenu_iten menu_sel ection];

}
else if( function_i ndex& Xl T_MENU )

{
current _menu_i tenf menu_sel ecti on] =i t em sel ecti on;
menu_sel ection = function_i ndex&( ~EXI T_MENU) ;
itemselection = current_nenu_iten menu_sel ection];
}
el se
(*menu_function[function_index])();
}
void uart_init(void)
{
ENU = 0b10100000; /* even parity 8 bit frane */
ENUR = 0b00000000; /* clear just in case */
ENU = 0b00100010; /* one stop async, baud/psw as clock */
PSR = 0b11001000; /* baud=9600, p=13, N=9 */
BAUD = 0b00001001;
uart _recei ve_poi nter_in=uart_receive_buffer;
uart_recei ve_pointer_out=uart_receive_buffer;
}
void dial _init(void)
{
I TMR | TSEL2 = O;
I TMR | TSEL2 = O;
I TMR | TSEL2 = O;
| CNTRL. TOPND = 0;
| CNTRL. TOEN = 1;
do_click = 0;
/* select the first nenu itemin every nenu */
menu_sel ecti on=NUMBER_OF_MENUES;
do
current _menu_i tenf--nmenu_sel ecti on] =0;
whi | e( nenu_sel ecti on! =0) ;
refresh_di splay = 1,
/* wait for timer O interrupt to find dial position */
int i=0;
int j=0;
while(--i)
while(--j);
/* make current dial position itemselection 0 */
itemselection = 0;
}

voi d clock_init(void)

readbf (i d_cl ock+1);

i d1=AC,

readbf (i d_cl ock+2);

i d2=AC,

readbf (i d_cl ock+3);

i d3=AC,

readbf (i d_cl ock+4);

i d4=AC,

i f(strenp(id_clock,"ZBCL 56789012345\ 0") ==0)
{

/* initialize with conpile tinme */
clock_hours=((__TIME__[0]-"0")*10)+(__TIME_[1]-'0");

clock_mnutes=((__TIME__[3]-'0")*10)+(__TIME__[4]-'0")
cl ock_seconds=((__TIME__[6]-'0")*10)+(__TIME_[7]-"0")

}

el se

{ .
readbf (i d_cl ock+5);
cl ock_hour s=AC;
readbf (i d_cl ock+6);
cl ock_m nut es=AC,
readbf (i d_cl ock+7);
cl ock_seconds=AC,

}
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voi d show_i ntro(void)

puts(" BYTE CRAFT");

| cd_got oXY(O0, 1);
puts("Hello & Wl cone");
sound_enabl ed=1;

pl ay_a_wave( PLAY_GREETI NG ;

char i,j;
i =0; j=0;
while(--i)
{
while(--j); while(--j);
i f(read_button(OK_BUTTON)| | read_button( CANCEL_BUTTOQON))
br eak;
}

voi d mai n(voi d)

PSWd E=1; /* enable interrupts */
clock_init();

led_init();

show_intro();

dial _init();

uart _init();

whi | e(1)

show_nenu();

i f(read_button(OK_BUTTQON))

{
handl e_nenu_r equest (ok_nenu_sel ecti on_t abl e);
refresh_di spl ay=1;

}
i f (read_button( CANCEL_BUTTON) )

{
handl e_nmenu_r equest (cancel _nmenu_sel ecti on_t abl e);
refresh_di spl ay=1,;

}

i f(do_click)

i f (sound_enabl ed)
pl ay_t one( 30, 0);
do_cl i ck=0;

if(kbhit()) /* if a command has been received */

I cd got oXY(ll 0);
put s(" Host "
switch(uart getch()) /* get the command */

case HOST_SET_TI ME:

host _set _cl ock(); break;
case HOST_GET_ADC.

host _read_ad(); break;
case HOST_PLAY_AUDI O

host _pl ay sound(); break;
case HOST_SET_I D

host _set _| d(); break;
case HOST_SEND | D:

host _send_id(); break;
default: /* invalid conmand */

whi l e(kbhit()) /* enpty buffer */

(void)uart_getch();

}
I cd got oXY(11, 0);
puts(” ")
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