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One day, at a musical instrument store, | came across a player piano
that can play music without a human performer. It piqued my interest
greatly. I can play the ukulele. Plus, I am able to make use of 8051
microcontrollers and design mechanisms. After realizing operational
principles, | utilize my existing knowledge and successfully create the
machine that can automatically play the ukulele.

In addition to ornamental, an automatic ukulele player benefits from
both performance and teaching purposes. It provides instant
accompaniment function and allows users to enjoy chord and rhythm
support while playing. This enhances the richness and fun of the
performance while providing users with greater creative freedom. Besides,
the automatic ukulele player eliminates the need for users to possess
musical skills or playing experiences. Anyone can effortlessly enjoy the
pleasure of playing the ukulele without spending a large amount of time
on learning and practicing.
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#include "SM59R16G6.h"
#include "pca9685_for_i2c.h"
#include "IR_remote.h"

#include "performing.h”

#define boardl  0x40
#define board2  0x41
#define pin0 0x06
#define pinl 0x0a
#define pin2 0x0e
#define pin3 0x12
#define pin4 0x16
#define pin5 Oxla
#define pin6 Oxle
#define pin7 0x22
#define pinl2  0x36
#define pinl3  Ox3A
#define pinl4  Ox3E
#define pinl5  0x42
unsigned char pitch,length=0;
main()
{
unsigned char first=0,second=0,third=0,fourth=0;
unsigned char i=0;
unsigned char state=0;
const unsigned char  songl1[]={
'C',00,'E',00,'G',00,'A',80,
'C',20,'C',20,'G',20,'G',20,'A',20,'A",20,'G',40,
'F',20,'F',20,'E',20,'E',20,'D",20,'D",20,'C",40,
'G',20,'G',20,'F',20,'F',20,'E",20,'E',20,'D",40,
'G',20,'G',20,'F',20,'F',20,'E",20,'E',20,'D",40,
'C',20,'C',20,'G',20,'G",20,'A",20,'A",20,'G",40,
'F',20,'F',20,'E',20,'E',20,'D",20,'D',20,'C",40,
0,0}
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const unsigned char  song2[]={
'C',00,'E',00,'G'",00,'A",80,
'E',20,'E',20,'E",20,'G',20,'G',10,'F",10,'F",10,'E",10,'D",40,
'D',20,'D',20,'E',20,'F",20,'G",40,'Q",40,
'E',20,'E',20,'E",20,'G',20,'G',10,'C',10,'F',10,'E",10,'D",40,
'G',20,'G',20,'A",30,'G",10,'0',10,'G',10,'A",10,'B",10,'G",40,
'G',10,'B',10,'A',10,'G',10,'0C',10,'E',10,'N",10,'E",10,'Q",30,'0',10,'G',40,
'D',20,'D',20,'E",20,'F',20,'G",20,'A",10,'B",10,'Q",40,
/I'A',20,'Q',20,'F',20,'A',20,'C',20,'D",10,'E",10,'C',40,
'‘A',20,'Q',20,'F',20,'A",20,'C",20,'E",10,'D",10,'C",40,
0,0};

const unsigned char  song3[]={
'C',00,'E',00,'G',00,'A',80,
'C',30,'D',10,'E",30,'C",10,'E",20,'C",20,'E",40,
'D',30,'E',10,'F',10,'F',10,'E",10,'D",10,'F',80,
'E',30,',10,'G',30,'E',10,'G",20,'E",20,'G",40,
'F',30,'G',10,'A',10,'A",10,'G",10,'F',10,'A",80,
'‘G',30,'C',10,'D',10,'E",10,'F',10,'G",10,'A",80,
'‘A',30,'D',10,'E',10,'0',10,'G",10,'A",10,'B",80,
'B',30,'E',10,'0',10,'P',10,'A',10,'B",10,'Q",80,
'‘Q',10,'B',10,'A',20,'F',20,'B",20,'G",20,'Q",80,
0,0};

const unsigned char  song4[]={
'C',00,'E',00,'G',00,'A',80,
'C',40,'M',40,'D",40,'N',40,'E",40,'F',40,'0',40,'G',40,'P',40,'A',40,'L",40,'B",40,'Q",40,'R',40,
0,0};

ini_remote();

TMOD=0x19;

ET1=1,

TH1=(65536-18510)/256;

TL1=(65536-18510)%256;

/ITR1=1;

EA=1;

begin();

PWMfreaq_set();

reset();

16



while(1)
{

switch(state)

{

case 0:

while(key_edge==0);

state=1;

/lkey _edge = 0x46;
/Istate = 1;

break;

case 1:
switch(key_edge)
{
case 0x45://1
pitch=song1[i++];
length=song1[i++];

break;

case 0x46://2
pitch=song2[i++];
length=song2[i++];

break;

case 0x47://3
pitch=song3[i++];
length=song3[i++];
break;

case 0x44://4
pitch=song4[i++];
length=song4[i++];

break;

default:
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if (pitch==0 && length==0)

{

else

state=0;
key edge=0;
i=0;
switch(pitch)
{
case 'M"://ICD
setPWM(board1,pin0,0x00,0x00,0x3b,0x01); //30
break;
case 'D":
setPWM(board1,pin1,0x00,0x00,0x2c,0x01); //26
break;
case 'N"://DE
setPWM(board1,pin2,0x00,0x00,0x16,0x01); //20
break;
case 'F"//Fa
setPWM(board1,pin4,0x00,0x00,0x3d,0x02); //100
break;
case 'O"/IFG
setPWM(board1,pin5,0x00,0x00,0xce,0x01); //70
break;
case 'P"://GA
setPWM(board1,pin7,0x00,0x00,0xce,0x01); //70
break;
case 'L"//AB
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setPWM(board1,pin4,0x00,0x00,0x23,0x02); //93

break;

case 'B"//Si
setPWM(board1,pin5,0x00,0x00,0xdd,0x01); //74

break;

case 'Q"://Do.
setPWM(board1,pin6,0x00,0x00,0x18,0x02); //90

break;

case 'R"://ICCD
setPWM(board1,pin7,0x00,0x00,0xbc,0x01); //65

break;

default:

break;

switch(pitch)
{
case 'G"
first=string(first,pinl5);

break;

case 'C': case 'M'": case 'D": case 'N"
second=string(second,pinl13);

break;

case 'E": case 'F': case 'O": case 'P":
third=string(third,pin14);
break;

case 'A". case 'L": case 'B'": case 'Q": case 'R":
fourth=string(fourth,pin12);

break;

default:
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}

break;
}
TR1=1,
while (length);
TR1=0;

state=2;

break;

case 2.

switch(pitch)

{

case 'M":
setPWM(board1,pin0,0x00,0x00,0xa9,0x01); //60

break;

case 'D":
setPWM(board1,pin1,0x00,0x00,0x85,0x01); //50

break;

case 'N':
setPWM(board1,pin2,0x00,0x00,0x72,0x01); //45

break;

case 'F"//Fa
setPWM(board1,pin4,0x00,0x00,0xa9,0x01); //60

break;

case 'O":
setPWM(board1,pin5,0x00,0x00,0x72,0x01); //45
break;

case 'P":
setPWM(board1,pin7,0x00,0x00,0x72,0x01); //45

break;

case 'L"

setPWM(board1,pin4,0x00,0x00,0xa9,0x01); //60
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break;

case 'B"//Si
setPWM(board1,pin5,0x00,0x00,0x72,0x01); //45
break;
case 'Q"://Do.
setPWM(board1,pin6,0x00,0x00,0x72,0x01); //45
break;
case 'R":
setPWM(board1,pin7,0x00,0x00,0x72,0x01); //45
break;
default:
break;
}
state=1,
break;

/lpitch=song1[i++];
/llength=song1[i++];
/fwhile(key_edge==0);

void T1_int(void) interrupt 3

{

THO0=(65536-18510)/256;
TL0=(65536-18510)%256;
if(length)length--;
//P0_0=~P0_0;
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Bl423% : pca9685 for i2c.c

#include "SM59R16G6.h"

shit scl = P0”6;
sbit sda = PO"7;

void smelldelay(unsigned int delay_cnt) //for 22.1MHz OPT:4 ~(2.33+delay_cnt*1.5)uS

{
while (delay_cnt>0)delay_cnt--;

void start()//start

{
scl =1,
smelldelay(5);  //bus free time between stop and start >4.7us
sda=1;
smelldelay(5);  //setup times (r)START condition >4.7us
sda = 0;
smelldelay(4);  //hold time (r)START condition >4us

}

void send_8bits(unsigned char byte_data)//write

{
unsigned char bit_ptr=0x80;
while(bit_ptr)
{
scl = 0;
sda =(byte_data & bit_ptr);
bit_ptr>>=1;
smelldelay(5);
scl =1;
while(scl==0); //in case of slave time strench
smelldelay(3);
}
scl = 0; /ffinish bit data transfer
sda=1; /Irelease sda line for ACK
}
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char read_8bits(void)

{

unsigned char bit_ptr=0x80;

unsigned char dt=0;
P1_5 =0;
P1 5=1;

sda =

1

while(bit_ptr)

{
scl=1;
if(sda)
{

dt|=bit_ptr;

}
scl =0;
bit_ptr>>=1;
scl =0;

}

P1 5 =0;

return dft;

char pulling_ack(void)//ACK

{

sda =

1

smelldelay(4);
if(sda == 0)

{

else

scl =1,
while(scl==0);
smelldelay(4);
scl = 0;

return O;

scl =1;

[lassure sda line is released

/13.4us for valid data

/fin case clock stretching
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while(scl==0); //in case clock stretching

smelldelay(4);

scl =0;
return 1,
}
}
void return_nack(void)
{
sda =1,
scl=1;
scl = 0;
}

void stop(void)//stop

{
sda = 0;
scl =1,
smelldelay(5);
sda=1;

}

void pca9685_write_command(char add, char rag ,char dat)

{
add=add*2;
start();
send_8bits(add);
pulling_ack();
send_8bits(rag);
pulling_ack();
send_8bits(dat);
pulling_ack();
stop();

void setPWM(char add, char rag ,char LEDn_ON_L,char LEDn_ON_H,char LEDn_OFF_L ,char
LEDn_OFF_H)

{
add=add*2;
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start();

send_8bits(add);
pulling_ack();
send_8bits(rag);
pulling_ack();
send_8bits(LEDn_ON_L);
pulling_ack();
send_8bits(LEDn_ON_H);
pulling_ack();
send_8bits(LEDn_OFF_L);
pulling_ack();
send_8bits(LEDn_OFF_H);
pulling_ack();

stop();

char pca9685 _read _command( char add )
{

char dt;

add=add*2+1,;

start();

send_8bits(add);

pulling_ack();

dt=read_8bits();

return_nack();

stop();
return dft;

void blank(char add , char rag )
{
add=add*2;
start();
send_8bits(add);
pulling_ack();
send_8bits(rag);
pulling_ack();
stop();
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void begin (void)

{

pca9685_ write_command(0x40,0x00,0x80);
pca9685_write_command(0x41,0x00,0x80);
blank(0x40,0x00);

blank(0x41,0x00);

pca9685 read_command(0x40);

pca9685 read_command(0x41);
pca9685_write_command(0x40,0x00,0x10);
pca9685_write_command(0x41,0x00,0x10);
pca9685_write_command(0x40,0xFE,0x05);
pca9685_write_command(0x41,0xFE,0x05);
pca9685_write_command(0x40,0x00,0x00);
pca9685_write_command(0x41,0x00,0x00);
pca9685_write_command(0X40,0X00,0XA0);
pca9685_write_command(0X41,0X00,0XA0);

void PWMfreaq_set(void)

{

blank(0x40,0x00);

blank(0x41,0x00);
pca9685_read_command(0x40);
pca9685_read_command(0x41);
pca9685_write_command(0x40,0x00,0x30);
pca9685_write_command(0x41,0x00,0x30);
pca9685_write_command(0x40,0xFE,0x4B);
pca9685_write_command(0x41,0xFE,0x4B);
pca9685_write_command(0x40,0x00,0x20);
pca9685_write_command(0x41,0x00,0x20);
pca9685_write_command(0x40,0x00,0xA0);
pca9685_write_command(0x41,0x00,0xA0);

26



B4z 1 pca9685 for i2c.h

extern void setPWM(char add, char rag ,char LEDn_ON_L,char LEDn_ON_H,
char LEDn_OFF_L,char LEDn_OFF_H);
extern void begin(void);

extern void PWMfreaq_set(void);
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Bl#25% IR remote.c

| A A

1# IR_remote decoder #
1# using INTO and TIMERO to capture the high time for decoding #
1# sensor output connect to INTO #

[ A A

/lpin P3_2

#include "SM59R16G6.h"
/l#include "Debug_Pin.h"

/ldefine state mode

#define IDLE 0
#define BYTEO
#define BYTE1
#define BYTE2
#define BYTE3
#define KEY_HOLD 5

A W N

#define NEW_FRAME_LOW (4500%0.9)/4.34
#define NEW_FRAME_HIGH (4500%1.1)/4.34
#define  SAME_KEY_LOW (2200%0.9)/4.34
#define  SAME_KEY_HIGH (2200*1.1)/4.34
#define  ONE_LOW (1690*0.9)/4.34
#define  ONE_HIGH (1690*1.1)/4.34
#define ~ ZERO_LOW (560*0.82)/4.34
#define ~ ZERO_HIGH (560*1.1)/4.34
#define HEADER_LOW (4500%0.9)/4.34
#define HEADER_HIGH (4500%1.1)/4.34
#define KEYHOLD_PERIOD (98190*1.2)/4.34

#define KEYHOLD_FRAME_LOW  (2250*0.9)/4.34
#define KEYHOLD_FRAME_HIGH (2250*1.1)/4.34

#define CLEAR_TIMERO TLO0=0;THO0=0
#define SET_KEYHOLD_TIMER  THO0=(65535-KEYHOLD_PERIOD)/256;\
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TL0=256-(KEYHOLD_PERIOD-((KEYHOLD_PERIOD/256)*265));

unsigned char data0;
unsigned char datal;
unsigned char data2;
unsigned char data3;
unsigned char key edge=0;
unsigned char key level=0;
char state=0;

char cnt=0;

void ini_remote(void)

{ TMOD&=0xFO; /[set timer0 16 bits timer
TMOD|=0x09;
PFCON&=0xFC; /Iset timer0 clk using OSC/96
PFCON|=0x02; //OSC 22.1184M (4.34us/clk;284ms period)
CLEAR_TIMERQ;

ETO=1; /lenable timerQ inturrupt
ITO=1; /Iset EXTO falling edge trigger
EX0=1; /lenable EXTO interrupt
EA=]L; /lenable all interrupt

void ir_decode(void) interrupt d_INTO_Vector using 3

{ inttimer;
timer=(int) THO*256+TLO; /lcollect timer data for process
CLEAR_TIMERQ; /lclear timer for next capture
TRO=1; /larm timerOQ capture action
switch(state){ /Iwait for legit header
case IDLE:

if(timer>NEW_FRAME_LOW && timer<NEW_FRAME_HIGH)
{ data0=0; /lprepare to receive bit string data
cnt=§,;

state=BYTEQ;
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break;

case BYTEQ:
data0>>=1;
if(timer>ONE_LOW && timer<ONE_HIGH)data0|=0x80;
else if(timer>ZERO_LOW && timer<ZERO_HIGH);

else

{ state=IDLE;
/ITOOGLE_TEST_PIN1;TOOGLE_TEST_PINL;//#HH#H#HHt##
break;

}

if(--cnt==0)

{ datal=0;
cnt=§,;

state=BYTE1,;

}
break;

case BYTEL:
datal>>=1;
if(timer>ONE_LOW && timer<ONE_HIGH)datal|=0x80;
else if(timer>ZERO_LOW && timer<ZERO_HIGH);

else

{ state=IDLE;
/ITOOGLE_TEST_PIN1; TOOGLE_TEST_PINL;/[##H#HH#H
break;

}

if(--cnt==0)

{ data2=0;
cnt=§,;

state=BYTE2;

}
break;

case BYTEZ2:
data2>>=1;
if(timer>ONE_LOW && timer<ONE_HIGH)data2|=0x80;
else if(timer>ZERO_LOW && timer<ZERO_HIGH);
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else

{ state=IDLE;
/ITOOGLE_TEST_PIN1;TOOGLE_TEST_PINL;//#HH#H#HHt##
break;

}

if(--cnt==0)

{ data3=0;
cnt=8,;

state=BYTE3;

}
break;

case BYTES:
data3>>=1;
if(timer>ONE_LOW && timer<ONE_HIGH)data3|=0x80;
else if(timer>ZERO_LOW && timer<ZERO_HIGH);
else
{ state=IDLE;
/ITOOGLE_TEST_PIN1; TOOGLE_TEST_PINL;/[###H#HH#H
break;
}
if(--cnt==0)
{ if((data0==0)) //&& ((data0+datal)==0xFF) && ((data2+data3)==0xFF))
{ key_edge=data2;
key_level=data2;
SET_KEYHOLD_TIMER;
state=KEY_HOLD;

}

else state=IDLE;
}
break;

case KEY_HOLD:
if(timer>KEYHOLD_FRAME_LOW && timer<KEYHOLD_FRAME_HIGH)
{ SET_KEYHOLD_TIMER,;
}
else state=IDLE;
break;
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void timer0_overflow(void) interrupt d_TO_Vector using 2
{ [/ITOOGLE_TEST_ PIN2;

TRO=0;

CLEAR_TIMERQ;

key level=0;
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Bl#25% ¢ IR _remote.h

extern void ini_remote(void);
extern unsigned char  key_edge; /*nonzero hex data represent key edge data; clear after action */

extern unsigned char  key level;  /*nonzero hex data represent key pressed and hold */
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B 42.5% @ performing.c

#include "SM59R16G6.h"
#include "pca9685_for_i2c.h"

#define board2  0x41
#define pinl2  0x36
#define pinl3  O0x3A
#define pinl4  Ox3E
#define pinl5  0x42

unsigned char string(unsigned char x,unsigned char y)

{

if(x==0)
{
setPWM(board2,y,0x00,0x00,0x72,0x01); //45

return 1;

}

else

{
setPWM(board2,y,0x00,0x00,0x3b,0x01); //30
return O;

}
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B #2.5%  performing.h

unsigned char string(unsigned char x,unsigned char y);
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