/*********************************************

Project : GQuitar Tuner
Version :

Dat e :1/11/ 2003

Aut hor : Dean Carpenter
Conpany : Areyes, Inc.
Comment s:

Guitar Tuner

PDO - out - LED pul se indicator
PD1 - out - OpAnmp power active LO
PD2 - in - button

PD6 - in - electret mc input
PortB - LCD

PB3 - LCD power active H

Chip type : AT90S2313
C ock frequency : 4.000000 MHz
Menory nodel . Tiny

Internal SRAM size : 128
External SRAMsize : 0

Data Stack size . 23
Bit variable size 0
(s)print features ;int

Char is unsigned
8-bit enums

Aut omati ¢ Regi ster Allocation
*********************************************/

#i ncl ude <90s2313. h>
#i nclude <stdlib. h>
#i ncl ude <sl eep. h>

#i ncl ude <string. h>

/1 Al phanureric LCD Modul e functions
#asm
.equ __|cd_port=0x18
#endasm
#i ncl ude <l cd. h>

#defi ne WDTCE (1 << 4)
#define WDE (1 << 3)

#def i ne ACCURACY 4
#define AVG BI TS 5
#def i ne AVG _CNT (

4

- 1 << AVG BITS)
#defi ne TOLERANCE_BI TS

/1 watchdog timer bits

/1 +/- counts to center count

/1 nunber freq cnts to average up
/1 nunber of bits of tolerance/error for I|n-Tune

/1 Note - #defines below are just a fancy way to conme up with appropriate counts for
/1 the various _CTR constants. These are used for tinmeouts in the code, and can be repl aced
/1l with sinmple constants. Be careful, playing with these or their cal cul ati on #defines can

/'l sonetines have unexpected inpact on the code

#define F_CPU (_MOU_CLOCK_FREQUENCY)
#define TO_PRESCALER 64

#define | CP_PRESCALER 64

#def i ne BASE_FREQUENCY (F_CPU | CP_PRESCALER)

#def i ne | DLE_M NUTES 1

/1 CPU cl ock frequency

/'l CPU prescal er value for tinmer0

/1 CPU prescal er value for ICP

// counter frequency for Hz cal cul ati ons

/1 mnutes for tineout

#define | DLE_CTR (F_CPU / TO_PRESCALER / 256 * |IDLE_M NUTES * 60) // actual counter val ue
#defi ne LCD_REFRESH 100 /'l refresh lcd every n ns

#define LCD_CTR (F_CPU / TO_PRESCALER / 256 * LCD REFRESH / 1000) // actual counter val ue
#defi ne EXPlI RE 122 /1 must get valid count within this many ns

#defi ne EXPI RE_CTR (F_CPU / TO_PRESCALER / 256 * EXPIRE / 1000)
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#defi ne LONG_PUSH /1 # seconds to count as a |long button push
#def i ne LONG_PUSH_CTR (F CPU / TO_PRESCALER / 256 * LONG_PUSH)

#defi ne DEBOUNCE /1l # ms to count as a valid button push 20ms
#def i ne DEBOUNCE_CTR (F CPU / TO_PRESCALER / 256 * DEBOUNCE / 1000)

#define XY_FREQ 5 /1 char position of frequency display
#defi ne XY_STRI NG 2 /1 char position of string name
#define XY_RESULTS 2 /1 char position of H/Lo/OK

/1 button status

#defi ne NONE "N /1 waiting for button push

#define LONG "L /1 Long push

#defi ne SHORT S /1 Short push

#defi ne PUSHED ‘p' /1 was pushed, now need to check tine
#defi ne BURN 60 /1 how nany edges to skip to allow

/1 signal to stabilize
/'l Bass guitar string frequencies

#defi ne BASS_B 30. 87

#def i ne BASS_E 41. 2

#defi ne BASS_A 55

#def i ne BASS_D 73.42

#defi ne BASS_G 97.99

#def i ne BASS_C 130. 81

/1 Acoustic guitar string frequencies

#define ACOUSTI C_E 82.4 /1 top string (1)
#def i ne ACOUSTI C_A 110

#defi ne ACOUSTI C_D 146. 72

#def i ne ACOUSTI C_G 195.92

#defi ne ACOUSTI C_B 246. 92

#defi ne ACOUSTI C_EH 329.8 /] bottomstring (6)

/1 The guitar note span

Il ### ## ### ##
//TEF GABCDEF GABCDE
/11 2 3 4 * 5 6

enum { GUI TAR_ACOUSTI C, GUI TAR BASS }; /1 valid guitar types
enum{ LOW HIGH, TUNED }; /'l notes heard can be in one of these states
enum { AUTOMODE, MANUAL }; /1 Tuner node states
unsi gned char linel[9]; /1 for lcd witing
unsi gned char l'ine2[9]; /1 for lcd witing
unsi gned char bl anks[] =" " /1 8 bytes
eeprom unsi gned char tuni ng_nodes[2][9] = { /1 18 bytes

{ "Autonode" },

{ "Manual " }
h
eeprom unsi gned char tuning_results[3][3] = { /1 9 bytes

{ "Lo" },

{"H" }.

{ "o}
h

typedef eeprom struct

unsi gned char
unsi gned char
unsi gned int
unsi gned i nt
unsi gned int

gui tarnane[ 9] ;
stringnane[ 6] ;
frequenci es[ 6] ;
centers[6];
transitions[5];

guitar string mmenonics



} CGuitar;

eeprom Quitar guitars[2] = {

}s

unsi gned
unsi gned
unsi gned

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

/1 1 NTO
unsi gned
unsi gned
unsi gned

"Acoustic"},

‘e, 'B, 'G, 'D, 'A, "E },

11
11

i
{ ACQUSTI C_EH, ACQUSTI C_B, ACOUSTIC_G ACQUSTI C_D,
{

total 49 bytes

total 98 bytes

ACOUSTI C_A, ACOUSTIC E },

BASE_FREQUENCY/ ACOUSTI C_EH, /1 HghE
BASE_FREQUENCY/ ACOUSTI C_B, /1 B
BASE_FREQUENCY/ ACOUSTI C_G, Il G
BASE_FREQUENCY/ ACOUSTI C_D, /1 D
BASE_FREQUENCY/ ACOUSTI C_A, 1A
BASE_FREQUENCY/ ACOUSTI C_E /1 Low E
% ,
BASE_FREQUENCY/ ( ACOUSTI C_B+( ( ACOUSTI C_EH ACOUSTI C B)/2)), /l Eto B
BASE_FREQUENCY/ ( ACOUSTI C_Gt+( ( ACQUSTI C_B- ACOUSTIC_G/2)), /1l Bto G
BASE_FREQUENCY/ ( ACOUSTI C_D+( ( ACOUSTI C_G ACQUSTIC_D)/2)), /Il Gto D
BASE_FREQUENCY/ ( ACOUSTI C_A+( ( ACOUSTI C D- ACQUSTIC A)/2)), /1l Dto A
BASE_FREQUENCY/ ( ACOUSTI C_E+( ( ACOUSTI C_A- ACOUSTIC E)/ 2)) /Il Ato E
}
{ "Bass "1,
{'c, 'G, 'p, '"A, '"E, 'B },
{ BASS_C, BASS_G BASS D, BASS A, BASS E, BASS B}
{
BASE_FREQUENCY/ BASS_C,
BASE_FREQUENCY/ BASS_G,
BASE_FREQUENCY/ BASS_D,
BASE_FREQUENCY/ BASS_A,
BASE_FREQUENCY/ BASS_E
BASE_FREQUENCY/ BASS_B
% ,
BASE_FREQUENCY/ ( BASS_G+( (BASS_C-BASS_Q)/2)),
BASE_FREQUENCY/ ( BASS_D+( (BASS_G BASS_D)/2)),
BASE_FREQUENCY/ ( BASS_A+( (BASS_D-BASS A)/2)),
BASE_FREQUENCY/ ( BASS_E+( (BASS_A-BASS E)/2)),
BASE_FREQUENCY/ ( BASS_B+( ( BASS_E- BASS B)/2))
}
char burn_cnt; /1 flag for first rising edge indicator
int icp_total; /1 rollup of ICP counter
i nt icp_cnt; /1 1CP counter
i nt cycle_cnt;
i nt icp_last; // for icp int count conparison
i nt hertz; /] actual freq
char button_flag = NONE; /1 button status LONG SHORT NONE
char tune_node = AUTOMODE; /1 auto or nanual tuning node
char gui tar_type = GUI TAR_ACOUSTI C, /1 Tuning an ACOUSTIC or a BASS guitar
char current _freq; /1 currently sel ected nanual freq
timers and counters
int button_timer; /'l pushbutton tiner
i nt shut down_t i mer; /1 idle timeout to shutdown
char expire; // mininumtine to receive next icp edge
/1 note - change to INT if using faster crysta
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/1 External Interrupt O service routine

/1 Pushing the node button cones here

/1 We only want to restart the timer if we have already handl ed the | ast push
interrupt [EXT_INTO] void ext_intO_isr(void)

if (button_flag == NONE) {

button_tiner = 0;
button_flag = PUSHED,

/1 Timer O overflow interrupt service routine

/1 At 8WHz, with prescaler = 256, int is 31.250kHz or every 0.032ns, overflow at 122Hz or
/Il At 4MHz, with prescaler = 256, int is 15.625kHz or every 0.064ns, overflow at 61Hz or
/1 At 4MHz, with prescaler = 64, int is 62.500kHz or every 0.016ns, overflow at 244Hz or
/'l At 4MHz, with prescaler = 8, int is 500.00kHz or every 0.002ns, overflow at 1953Hz or
interrupt [TIM_OVF] void timer0_ovf_isr(void)
{
static unsigned char | cd_refresh; /1 lcd refresh tiner count

expi re++; /1 expiration cntr for cycle count timeout

/1 debouncing the button, |ooking for SHORT or LONG push
if (!PIND.2) { /'l check for button status
button_ti ner++;

if (button_timer == LONG PUSH CTR) { // 1long enough for a LONG push
button_flag = LONG /] say so
}
} else { /1 button is back up
if (button_flag == PUSHED) { /1 not a LONG push ?
if (button_timer > DEBOUNCE_CTR) { // nope - is it at |east a debounce
button_flag = SHORT; /1 yup - say so
}
}
}
if (PIND.6) { /1 flash whenever we have a pul se
PORTD. 0 = O;
} else {
PORTD. 0 = 1;
}
shut down_t i mer ++;
if (lcd_refresh++ == LCD CTR) { /Il time to refresh ?
lcd_refresh = 0;
I cd_clear();

| cd_puts(linel);
| cd_got oxy(0,1);
| cd_puts(line2);

/1 a}#asn("v\dr")

/1 Timer 1 input capture interrupt service routine

/1 Incom ng pul ses fromthe opanps trigger the input capture int here

/1 We ignore the first BURN pulses to let the signal stabilize a bit, so count those
interrupt [TIML_CAPT] void tinerl_capt_isr(void)

TCNT1 = O; /1 reset tinmer 1

8. 192
16. 384ns
4.096ns
0.512ms



burn_cnt += 1; /1 count transitions
icp_cnt = | CR1; /1 grab counter

/1 Copy string fromeepromto sram
voi d strcpye( char * sramstr, char eeprom?* eep_str )

char * sram dest;
char eeprom* eep_src;

sram dest = sramstr;
eep_src = eep_str;

while (*eep_src != 0)

*sram dest ++ = *eep_src++;

}
}
voi d Tuner_init(void)
{
/1 lnput/Qutput Ports initialization
/] Port Binitialization
/1 FuncO=ln Funcl=ln Func2=In Func3=ln Func4=In Func5=In Func6=ln Func7=In
/] StateO=T Statel=T State2=T State3=T Stated4=T State5=T State6=T State7=T
// PBO - out - LCD RS
// PBL - out - LCD R'W
/l PB2 - out - LCD EN
/1 PB3 - out - LCD power source
// PB4 - out - LCD D4
// PB5 - out - LCD D5
// PB6 - out - LCD D6
/l PB7 - out - LCD D7
DDRB=0xf f ;
PORTB=0x0f f ;
// Port Dinitialization
/1 PDO - out - LED pul se indicator
// PDL - out - Opanp power control active LO
/1l PD2 - in - button - pullup on
/[l PD6 - in - electret mc input
DDRD=0x0b;
PORTD=0x0d;
/1 Tinmer/Counter O initialization
/1 O ock source: System C ock
/1 At 8MHz :
/1 Cock value: 7.813 kHz ovf = 30Hz prescaler 1024 is 0x05
Il At AVHz
/1 31.250 kHz ovf = 122Hz prescaler 256 is 0x04
Il 62.500 kHz ovf = 244Hz prescal er 64 is 0x03
/1 500k Hz = 1953Hz prescaler 8 is 0x02
TCCR0=0x03;
TCNT0=0x00;
/1 Timer/Counter 1 initialization
/1 O ock source: System C ock
/1 O ock val ue: 125.000 kHz
/1 Mode: Nornal top=FFFFh
/] OCl output: Discon.
/1 Noise Canceler: On tccrlb bit 7 0xc3 for on /64
/1 lnput Capture on R sing Edge



TCCR1A=0x00;
TCCR1B=0xc3,;
TCNT1H=0x00;
TCNT1L=0x00;

OCR1H=0x00; /1 2313
OCR1L=0x00;

/1 External Interrupt(s) initialization

/1 INT1: On

/1 I NT1 Mode: Falling Edge

/1 INTO: Of

G MBK=0x40; /1 0x40 for intO only

MCUCR=0x02; /1 0x02 for intO falling edge only
G FR=0x40; /1 0x40 for intO enable only

/1 Timer(s)/Counter(s) Interrupt(s) initialization
TI MSK=0x0A; /1 2313

/1 Anal og Conparator initialization

/'l Anal og Conparator: Of

/1 Anal og Conparator |nput Capture by Timer/Counter 1: Of
/1 Anal og Conparator Qutput: Of

ACSR=0x80;

shutdown_tinmer = 0; /1 make sure we don't suddenly shut down

/1 LCD nodule initialization
lcd_init(8);

/1 Setup the Splash screen
strcpye(linel, guitars[GU TAR _ACOUSTI C]. guitarnane);
strcpye(line2, tuning_nodes[ AUTOMODE] ) ;

/1 Watchdog Tinmer initialization
/1 Watchdog Ti mer Prescal er: OSC/ 2048

/1 WDTCR=0x0F;

}

/1 Handl e button pushes

/1 1n auto node short push -> go to manual node

/1 long push -> switch guitars to tune, acoustic or bass
/1 1In manual nobde short push -> change tuning freq to next

/1 long push -> go to auto node

voi d change_node(voi d)

shutdown_timer = 0; /1 reset shutdown tinmer every push
switch (tune_node) {
case AUTOMVODE :
if (button_flag == SHORT) { /1 autonpde -> manual node
tune_nmode = MANUAL;
current_freq = sizeof(guitars[guitar_type].stringnane) - 1,
} else { /1 1ong push
if (guitar_type == GUI TAR_ACQOUSTIC) {
guitar_type = GU TAR BASS;
} else {
guitar_type = GU TAR _ACOUSTI C;

strcpye(linel, guitars[guitar_type].qguitarnang);
strcpye(line2, tuning_nodes[tune_node]);



}

br eak;

case MANUAL :

if (button_flag == SHORT) {
current _freq = (current_freq + 1)
strcpy(& inel[ 1], blanks); /1 clear
i nel[ XY_STRI NG
itoa(guitars[guitar_type].frequencies[current_freq],

} else { /1 1ong push
t une_node = AUTOMODE;
strcpye(linel, guitars[guitar_type].guitarnane);
strcpye(line2, tuning_nobdes[ AUTOVODE] ) ;

l'ine

br eak;

}
button_flag = NONE; /1

voi d mai n(voi d)

unsi gned i nt

cnt_diff, tolerance;

Tuner_init();

/1l G obal enable interrupts
#asn("sei ")
while (1) {

cycle_cnt = 0;
burn_cnt = 0;
icp_total = 0;

/] Sit in an endless |oop, waiting for at
// Once that's happened, we can go on
/1 We also watch for button pushes here,
/1 1f things tinme out,
/1 Upon wakeup,
while (burn_cnt < BURN)

if ((button_flag == SHORT) ||

change_node();

}
if (shutdown_tiner ==

IDLE_CTR) {
MCUCR = 0x00;
sl eep_enabl e();
DDRD = 0;
PORTD = 0;
PORTB = 0;
#asm("cli")

#asm("LDl R31, 0x18")
#asnm("OUT WDTCR, R31")
#asm("LDl R31, 0x10")
#asnm("OUT WDTCR, R31")
#asm("sei ")

power down() ;

#asm ("rjnmp 0x00")

}

/1 OK, pulses coming in,

| east

/1 manual node -> aut onode

/1 manual node -> change frequency
% (sizeof (guitars[guitar_type].stringname));

= guitars[guitar_type].stringnane[current_freq]; // show which string we're tuning to
&l inel[ XY_FREQ);

/] target freq

i ndicate we' ve handl ed the button push

BURN pul ses/cycles to go by

/1
/1

11

and handle themif necessary
we put ourselves to sleep
jump into reset to make sure we start fresh

burn first fewcycles to allow wave stabilization

(button_flag == LONG) {

short/| ong button push

tinme to sleep
level intO

show we're asleep - set everything to tri-state inputs
that shuts off power to LCD (and opanps hopeful ly)

wakeup come here - reset conpletely

and we' ve burned off the first junky ones
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/1 Now we need to grab the next AVG CNT cycles - if we don't get themall wthin
/1 the EXPIRE tinmeout, we break out

icp_last = icp_cnt; /'l Save last cycle timng counter
expire = 0; /'l reset edge expiration cntr

while (cycle_cnt < AVG CNT) {
burn_cnt = 0;

while (burn_cnt == 0) { /1 wait for new capture (icp_last == icp_cnt)
if (expire > EXPIRE_CTR) { /1 no edges for too long ?
cycle_cnt = AVG CNT;
br eak; /1 this makes sure that the check bel ow doesn't trigger
} I if expire incs *just* after we get a good capture
}
if (expire > EXPI RE_CTR) break; /1 didit take too long to get the cycles ?

/1 1s this cycle count close enough to the |ast one, or do we skip it ?
/1 The difference between |ast count and current count nust be
/1 less than the last count / 16 (arbitrary tol erance value :)

if (icp_last > icp_cnt)

cnt_diff =icp_last - icp_cnt;
} else {

cnt_diff =icp_cnt - icp_|last;

}
tol erance = icp_last >> TOLERANCE BI TS;

if (cnt_diff <= tolerance) { /1 withinlimts
icp_total += icp_cnt; / snag current icp counter
cycl e_cnt ++; /'l note got another cycle
icp_last = icp_cnt; /1 save count for next conparison
expire = 0; /] reset edge cntr

}

/1 OK, got a good set of cycles within time linmts
/1 Now have to see what freq it was, and which string freq it's closest to
if (expire <= EXPIRE_CTR) {

shutdown_timer = 0; /1 reset shutdown timer

// OK - got 2"AVG BI TS cycl es

icp_total = icp_total >> AVG BITS; /'l get avg count
hertz = BASE FREQUENCY / icp_total; /'l get actual hertz val ue
if (hertz > 999) hertz = 999; /1 max val ue we can displ ay

/1 1f we're in AUTO node, have to find the closest string freq
if (tune_npde == AUTOMCDE) ({
/1 go through transition frequencies
for (cnt_diff=0;
cnt _diff<sizeof(guitars[guitar_type].transitions)/sizeof(guitars[guitar_type].transitions[0]);
cnt _diff++) {
if (icp_total < guitars[guitar_type].transitions[cnt_diff]) // stop if lower than this transition count

br eak;

} else { /1 manual tuning

cnt_diff = current_freq; /1 targeting THI S string freq
}
/1 show which string we're tuning to
strcpy(&inel[ 1], blanks); /1 blank all but first char
linel[ XY_STRING = guitars[guitar_type].stringnanme[cnt_diff]; /1 show which note
itoa(guitars[guitar_type].frequencies[cnt_diff], & inel[ XY_FREQ); /1 show target freq
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/1 cnt_diff now holds the string index for target string

strcpy(&ine2[ 1], blanks); /1 clear junk

if (icp_total-ACCURACY < guitars[guitar_type].centers[cnt_diff]) { /1 too high
strcpye(& i ne2[ XY_RESULTS], tuning_results[H GH);

} else {

if (icp_total +ACCURACY > guitars[guitar_type].centers[cnt_diff]) { /1 too low ?
strcpye(& i ne2[ XY_RESULTS], tuning_results[LOWN);
} else {
strcpye(& i ne2[ XY_RESULTS], tuning_results[ TUNED]);

}
itoa(hertz, & ine2[XY_FREQ); /1 current freq



