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Description

1 Vlc - Threshold Control

2 Iout - Current Out (Inverse)
3 V- - Negative Supply

4 [out - Current Out

5 B1 - Digital Input Bit 1

6 B2 - Digital Input Bit 2

7 B3 - Digital Input Bit 3

8 B4 - Digital Input Bit 4

9 B3 - Digital Input Bit 5
10 B6 - Digital Input Bit 6

11 B7 - Digital Input Bit 7
12 BE - Digital Input Bit 8
13 W+ - Positive Supply

14 Vref+ - Voltage Reference +
15 Vref- - Voltage Reference -
16 COMP - Compensation
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Void keypad_init(void)

{

Keypad_DDR=0x0f;

Keypad_PORT=0xFO;

}
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Chip type : ATmegal6
Program type : Application
Clock frequency : 16.000000 MHz
Memory model : Small

External SRAM size : 0

Data Stack size : 256

#include <megal6.h>
#include <stdlib.h>

#include <delay.h>

#define keypad_DDR DDRB
#define keypad_PORT PORTB
#define keypad_PIN PINB
#define key_ctr 5

#define key_delay 1

#define D20 0
#define D40 1
#define D60 2
#define D80 3
#define D100 4
#define F1hz 125000

#define dacl PORTA

C ol aasky oo
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#define dac2 PORTD
#define F1 14
#define F2 24
#define F3 34

#define FF_0.71112

unsigned char const table[4][4]={{0,1,2,3},{4,5,6,7},{8,9,10,11},{12,13,14,15}};
/I Alphanumeric LCD Module functions
#asm
.equ __lcd_port=0x15 ;PORTC
#endasm

#include <lcd.h>

/I Declare your global variables here

unsigned char Psec = D100; //perSec Damane Freq
unsigned char phl =0; //zavie phase 1

unsigned char ph2 =0; //zavie phase 2

unsigned long T1; [[Timer Numeric

unsigned int frequnce = 100;

unsigned int radu = 0;

unsigned char scale = 100;

/I Timer 1 overflow interrupt service routine

interrupt [TIM1_OVF] void timer1_ovf_isr(void)
{

/l Reinitialize Timer 1 value

TCNT1=T1;

dacl = source[Psec][ph1];

dac? = source[Psec][phZ2];

phl+=2;
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ph2+=2;

[ITCNT1L=0xAA,

/I Place your code here

/I Declare your global variables here
T

M

unsigned char scan_key(void)

{

unsigned char i=0,j=0,key_ctr_temp=0,key_temp=0,scan_code[4]={OXFE,O0xFD,0xFB,0xF7};

for (i=0;i<4;i++)
{
keypad_PORT|=0xO0F;
keypad_PORT&=scan_code[i];
delay_ms(5);
/lkey_temp=keypad_PIN;
if (keypad_PIN<OxFO)
{
key_temp=keypad_PIN;
for(j=0;j<key_ctr;j++)
{
delay_ms(key_delay);
if(keypad_PIN==key temp)

key ctr_temp++;
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I if(key_ctr_temp==key_ctr)
{ key_ctr_temp = keypad_PIN;
switch(key_ctr_temp)
{

case 238:
return 1;
break;

case 237:
return 4;
break;

case 235:
return 7;
break;

case 231:
return 41;
break;

case 222:
return 2;
break;

case 221.:
return 5;
break;

case 219:
return 8;
break;

case 215:
return O;
break;

case 190:

return 3;



break;
case 189:
return 6;
break;
case 187:
return 9;
break;
case 183:
return 43;
break;
case 126:
return 14;
break;
case 125:
return 24;
break;
case 123:
return 34;
break;
case 119:
return 44;
break;
default:
return 255;

break;
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return 255 ;

M

M T

unsigned int get_num(unsigned int min, unsigned int max)
{
unsigned int numb = 0;
unsigned char _num, x =0, key;
_num =0;
do
{
lcd_gotoxy(_x, 1);
_key = scan_key();
if (_key != 255)
{
delay_ms(5);
_key =scan_key();
if (_key !=255)
{

switch (_key)

{

case l :if ( x<4){ num =1; numb = numb *10; numb += _num; lcd_putsf("1"); _x++;
delay_ms(150);} break;
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case 2 :if ( x<4){ num =2; numb = numb *10; numb += _num; lcd_putsf("2"); _x++;

delay_ms(150);} break;

case 3 :if ( x<4){ num = 3; numb = numb *10; numb += _num; lcd_putsf("3"); _x++;

delay_ms(150);} break;

case 4 :if ( x<4){ num =4; numb = numb *10; numb += _num; lcd_putsf("4"); _x++;

delay_ms(150);} break;

case 5 :if ( x<4){ num =5; numb = numb *10; numb += _num; lcd_putsf("5"); _x++;

delay_ms(150);} break;

case 6 :if ( x<4){ num =6; numb = numb *10; numb += _num; lcd_putsf("6"); _x++;

delay_ms(150);} break;

case 7 :if ( x<4){ num =7; numb = numb *10; numb += _num; lcd_putsf("7"); _x++;

delay_ms(150);} break;

case 8 :if (x<4){ num =8; numb = numb *10; numb +=_num; lcd_putsf("8"); _x++;

delay_ms(150);} break;

case 9 :if (x<4){ num =9; numb =numb *10; numb += _num; lcd_putsf("9"); _x++;

delay_ms(150);} break;

case 0 :if (x<4){ num =0; numb = numb *10; numb +=_num; lcd_putsf("0"); _x++;

delay_ms(150);} break;

case 43 : if ( x> 0) {_x--; led_gotoxy(_x, 1); lcd_putsf(" "); numb = numb / 10; delay_ms(150);};

break;

case 44 : if (numb < min) {numb = min; }; if (humb > max) {numb = max; }; break;

}
lcd_gotoxy(_x, 1);

}
} while(_key = 44);
/Inumb = max-min;

return numb;

}

void Icd_panell(void)

{
char s_s[5];

#asm("cli")
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Icd_clear();
lcd_gotoxy(0,0);
lcd_putsf("Freq: hz.");
Icd_gotoxy(0, 1);
lcd_putsf('R: . Y-G:% ");
itoa(frequnce, s_s);
Icd_gotoxy(7, 0);
Icd_puts(s_s);
itoa(radu, s_s);
Icd_gotoxy(3, 1);
lcd_puts(s_s);
itoa(scale, s_s);
lcd_gotoxy(13, 1);
Icd_puts(s_s);
#asm("sei")

}

void panel2(void) /I change freq
{

#asm("cli")

Icd_clear();

Icd_gotoxy(0, 0);
Icd_putsf("2000 > Freq > 9");
frequnce = get_num(10, 1300);
phl = 0;

ph2 =radu* FF_;

T1 = ((F1hz / frequnce) - 34)*-1;
TCNT1=T1;

Icd_panell();

}
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void panel3(void) /I change phase
{

#asm("cli")

lcd_clear();

lcd_gotoxy(0, 0);
lcd_putsf("Phase R (0~359)");
phl =0;

radu = get_num(0, 359);

ph2 =radu* FF_;

T1 = ((F1hz / frequnce) )*-1;
TCNT1=T1;

lcd_panell();

}

void panel4(void) /I change scale
{

#asm("cli")

Icd_clear();

lcd_gotoxy(0, 0);
lcd_putsf("Scale 1~5 * %20");
Psec = get_num(l, 5) - 1;
switch(Psec)

{

case 0 : scale = 20; break;
case 1 : scale = 40; break;
case 2 : scale = 60; break;
case 3 : scale = 80; break;

case 4 : scale = 100; break;
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phl =0;
ph2 =radu* _FF_;
T1 = ((F1hz / frequnce) - 34)*-1;
TCNT1=T1;

lcd_panell();
}

void main(void)

{

unsigned char keyhd,;

/I Declare your local variables here

/I Input/Output Ports initialization

/I Port A initialization

/I Func7=0ut Func6=0ut Func5=0ut Func4=0ut Func3=0ut Func2=0ut Func1=0ut FuncO=0Out
/I State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0

PORTA=0x00;

DDRA=0xFF;

// Port B initialization

/I Func7=0ut Func6=0Out Func5=0ut Func4=0Out Func3=0ut Func2=0ut Func1=0Out FuncO=0Out
/I State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0

PORTB=0xFO;

DDRB=0x0F;

// Port C initialization
/I Func7=0ut Func6=0ut Func5=0ut Func4=0Out Func3=0ut Func2=0Out Func1=0ut FuncO=0ut

/I State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0
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PORTC=0x00;

DDRC=0xFF;

/I Port D initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=0ut Func2=0ut Func1=0ut FuncO=0Out
/I State7=T State6=T State5=T State4=T State3=0 State2=0 State1l=0 State0=0
PORTD=0x00;

DDRD=0xFF;

/I Timer/Counter O initialization
/I Clock source: System Clock
/I Clock value: Timer O Stopped
/l Mode: Normal top=FFh

/I OCO output: Disconnected
TCCRO0=0x00;

TCNTO0=0x00;

OCRO0=0x00;

/I Timer/Counter 1 initialization
/I Clock source: System Clock

/I Clock value: 16000.000 kHz

/l Mode: Normal top=FFFFh

/I OC1A output: Discon.

/I OC1B output: Discon.

/I Noise Canceler: Off

/I Input Capture on Falling Edge
/I Timer 1 Overflow Interrupt: On
/I Input Capture Interrupt: Off

/I Compare A Match Interrupt: Off

/l Compare B Match Interrupt: Off
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TCCR1A=0x00;
TCCR1B=0x01;
TCNT1H=0xAA,
TCNT1L=0xAA,
ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;

OCR1BL=0x00;

/I Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer 2 Stopped
/I Mode: Normal top=FFh

/I OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

/I External Interrupt(s) initialization
/I INTO: Off

/I INT1: Off

/I INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

/I Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x04;
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/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/I LCD module initialization
lcd_init(16);
/I Global enable interrupts
frequnce = 100;
T1 = ((F1hz / frequnce) -33)*-1;
lcd_panell();
while (1)

{

/I Place your code here

/Il keybd = get_kbd();

=~

| if (keybd != 255)
I/
/I delay_ms(5);
keybd = scan_key();
if (keybd != 255)
{
switch (keybd)
{
case F1 : panel2(); break;
case F2 : panel3(); break;

case F3 : panel4(); break;
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Welcome to AVR Studio 4

[ Select debug platform and device — —
‘ Debug Platform: Device:
| ICE40 ATmegal63 A |
| ICESO ATmegal69 n ‘
JTAG ICE
‘ AYR Simulator ATmeqa323 ‘
ICE200 ATmegabd
ATmegal |
‘ ATmegaB515
ATmegaB535
| ATtiny11
| ATting12
‘ ATting13 &
‘ [T Open Blattom Opticn
| - i
Help | Ba | | Finish | Cancell ver. 4.08.310

AVR Studio s 5,5 ol Lo Y- 5o

ity 0 95we JFI 1 ol g 4t C by a ]y s 5500 aalip oad b a0y o
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AVRStudio - [C:\codevisionibinymain__.c]
B File Project Edit

View Tools Debug Window Help -8 X

DEHF@S ! BRS2 «[OFER % BAAXABRES @ > m
G HPEFOEEN R R O &= : |irace Dissbled RN g LT
GR W e P
‘Workspace - x “ #include <mega32.h> j
= | #include <delay.h> =
Narne lVaIue ]B"s /*This is a test program written to flashes
[+ E_,Register 0-15 ‘ the LED on PORTA.0 with a period of 0.5 secondx/
Jf:-lﬁ] Reqgister 16-31 main()
+ B
o Processor' while(l){ *loop foreverx/
# B stack Monitor |eEORTA . 041 -
=Bl 10 ATMEGAS2 delay_ns{250);
| PORTA. 0=0;
delay_ms(250):
T
H
\
|
el i
— | L
Srroect Fliyo | @1nfo | l [B c:\codevision|binimain__.c
x
o
5
=
=%
« 4 » »\Build { Messages A FindinFiles A Breakpoirts A Tracepoirtd] « | | >

ATmega32 AYR Simulator Auto  Stopped 9 Ln 8, Col 1 CAP NUM SERL

AVR StUIO v g5 aslip Jao Y-V ¢ JSCo

u5iw91.».w‘ )L.\.o )lS 09.76
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7 S
STK500 in ISP mode with ATmega32 I__‘:’ _2;_|
| Main | Program | Fuses |LockBits | Advanced | HW Settings | HW Info | Auto |
Fuse Value
OCDEN []
JTAGEN []
SPIEN [ne]
CKOPT ]
EESAVE ]
BOOTSZ Boot Fash size=512 words start address=$3E00 v
BOOTRST
BODLEVEL Brown-out detection at VCC=2.7 V v
BODEN
| SUT_CKSEL BExt. Crystal/Resonator High Freq.; Start-up time: 16K CK + 64 ms hd
HIGH xDC
Low OxBF
|
[¥] Auto read
[¥] Smart wamings
[¥] Verfy after programming [ Program J [ Verify J [ Read J
Entering programming mode.. OK!
Reading fuses address 0to 1.. (xBF, (xDC .. OK!
Leaving programming mode.. OK!

Casiped Slorkis ¥1) IS5

JTAGEN e 50

Sl o1, LCD s axio sl plKin a5 090 o el Wloy Jld oo 5908 ol ST 50,5 Jbd e b 1

4.‘>LO..9Jésmsausbsu\éu‘sawuidg)xlbBM)LJS‘WAJOJBBOSOMW)WwaoO‘\)

098 bled o g gSslosl )0 gge JSb Shuled 4; Loge e
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SPIEN ¢y 5.8

codd Sy aelip B8 i Sy g ool LB SPI Lyly 3k 5l e, 4l p cobld 0,5 Jled sl s 5948 o)

BOOTRST oy

codls iy aelp B8 s Sl 0 g 00l e ool RESET S ol gl cas jeud ol

BODEN c..jsi

Jbes 5 Jlaie SUT _ CKSEL cuid jo 040 o oolatul BROWN-OUT uxly 10,5 Jd slp canjond ol
50851, a8 a0 ausS la)l5 cpl les 5l am . 00135 s EXt.Crystal Freq 16k+64ms a5 o, 5 ol |,

o ales 6l S cw 5T 55 2 b Cunjsed (oled izren g dal Al e cnl jo

C Ly 4 welcome screen cod o gu

/* As graphic LCD used the DEM128064A model (128x64 pixels).

*
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#include <avr/io.h>

#include <avr/pgmspace.h>

#define lcdrs 0 /I LCD's RS pin is connected to Pin0 of AVR
#define lcdrw 1 /I LCD's r/w pin is connected to Pinl of AVR
#define lcde 2 /I LCD's e pin is connected to Pin2 of AVR

#define Icdcsl 5 /[ LCD's CS1 pin is connected to Pin5 of AVR

#define Icdcs2 4 /[ LCD's CS2 pin is connected to Pin4 of AVR

#define lcdrst 3 /[ LCD's RST pin is connected to Pin3 of AVR

#define ctrl_port PORTB
#define ctrl_port_ddr DDRB

#define ctrl_port_pins PINB

#define data_port PORTD
#define data_port_ddr DDRD

#define data_port_pins PIND

void glcdinit (void);

void createWelcomeScreen (void);

void createRaster (void);

void delayTime (unsigned long counter);

void eStrobe (void);

void enable_cs1 (void);

void enable_cs2 (void);

void sendDataOnLCD (unsigned char data);

unsigned char readDataFromLCD (void);

void gLCDgotoXY (unsigned char lineData, unsigned char columnData);

void createWave (void);
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void restoreRaster (void);
void fillDataLcdBuffer (unsigned char address, unsigned char data);

void GLCD_WriteChar(char charToWrite);

unsigned char column = 0;

unsigned char line = 0;

unsigned int IcdAddress = 0;

unsigned int flashAddress = 0;

static unsigned char datalLcdBuffer[100];

static unsigned char dataLcdBackupBuffer[200];

unsigned int backupLcdAddress = 0;

const char LcdRaster[] __attribute__ ((progmem)) = {
255,1,1,11,1,1,1,1,3,1,1,1,1,1,1
,11,131111,1,1,1,1,1,31,1
11,1111131,1,11,11,1,1
1171,1,1,1,1,1,1,1,1,1,3,1,1,1,1
,1,1,1113,1,1,1,1,1,1,1,1,1,3
1111111,11,3,1,1,11,1,1
,1,1,1,1,255,0,0,240,248,140,140,248,240,0,0,252
,252,0,0,252,252,0,0,4,252,252,68,196,252,56,0,0
,255,8,0,0,0,0,0,0,0,8,0,0,0,0,0,0
,0,0,0,8,0,0,0,0,0,0,0,0,0,8,0,0
,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0
,8,170,8,0,0,0,0,0,0,0,0,8,0,0,0,0
,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,8
,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0
,0,0,0,8,255,0,0,199,39,32,192,7,7,0,0,1
,3,6,6,3,1,0,0,4,7,7,0,0,7,7,0,0

,255,32,0,0,0,0,0,0,0,32,0,0,0,0,0,0
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,0,0,0,32,0,0,0,0,0,0,0,0,0,32,0,0
,0,0,0,0,0,0,0,32,0,0,0,0,0,0,0,0
,32,170,32,0,0,0,0,0,0,0,0,32,0,0,0,0
,0,0,0,0,0,32,0,0,0,0,0,0,0,0,0,32
,0,0,0,0,0,0,0,0,0,32,0,0,0,0,0,0
,0,0,0,32,255,0,0,25,34,34,28,0,30,33,33,33
,0,30,33,33,30,0,255,33,33,30,0,30,41,41,46,0
,255,128,0,128,0,128,0,128,0,192,0,128,0,128,0,128
,0,128,0,192,0,128,0,128,0,128,0,128,0,192,0,128
,0,128,0,128,0,128,0,192,0,128,0,128,0,128,0,128
,0,170,0,128,0,128,0,128,0,128,0,192,0,128,0,128
,0,128,0,128,0,192,0,128,0,128,0,128,0,128,0,192
,0,128,0,128,0,128,0,128,0,192,0,128,0,128,0,128
,0,128,0,128,255,0,40,32,40,32,40,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,255,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0
,0,0,0,1,0,0,0,0,0,0,0,0,0,1,0,0
,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0
,0,170,0,0,0,0,0,0,0,0,0,1,0,0,0,0
,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,1
,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0
,0,0,0,0,255,0,16,8,16,32,16,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,255,2,0,0,0,0,0,0,0,2,0,0,0,0,0,0
,0,0,0,2,0,0,0,0,0,0,0,0,0,2,0,0
,0,0,0,0,0,0,0,2,0,0,0,0,0,0,0,0
,2,170,2,0,0,0,0,0,0,0,0,2,0,0,0,0
,0,0,0,0,0,2,0,0,0,0,0,0,0,0,0,2
,0,0,0,0,0,0,0,0,0,2,0,0,0,0,0,0

,0,0,0,2,255,0,0,0,0,0,0,0,0,0,0,0
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,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,255,8,0,0,0,0,0,0,0,8,0,0,0,0,0,0
,0,0,0,8,0,0,0,0,0,0,0,0,0,8,0,0
,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0
,8,170,8,0,0,0,0,0,0,0,0,8,0,0,0,0
,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,8
,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0
,0,0,0,8,255,0,0,124,20,4,0,124,20,104,0,124
,84,68,0,56,68,68,120,0,0,0,0,0,0,0,0,0
,255,128,128,128,128,128,128,128,128,160,128,128,128,128,128,128
,128,128,128,160,128,128,128,128,128,128,128,128,128,160,128,128
,128,128,128,128,128,128,128,160,128,128,128,128,128,128,128,128
,128,170,128,128,128,128,128,128,128,128,128,160,128,128,128,128
,128,128,128,128,128,160,128,128,128,128,128,128,128,128,128,160
,128,128,128,128,128,128,128,128,128,160,128,128,128,128,128,128
,128,128,128,128,255,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,124,16,124,0,72,104,88,0,0

%

const char welcomeScreen[] __ attribute_ ((progmem)) = {
255,1,1,1,1,1,1,1,129,129,65,33,33,17,17,17

,17,17,17,17,17,33,33,65,65,129,129,1,1,1,1,1

,11,111111,1,1,1,1,1,1,1,1

,11,111111,1,1,1,1,1,1,11

,14111,11,114,1,1,1,1,1,1,1,1

,1,1,129,193,97,33,161,241,241,241,241,49,1,1,1,17

, 25,9,13,5,189,253,113,1,1,1,145,241,113,17,145,193

, 225,33,49,145,241,241,49,17,145,241,113,1,1,1,1,255

, 255,0,16,0,16,24,4,18,1,16,0,16,0,16,0,16
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, 0,16,0,16,0,16,0,16,0,16,0,17,2,20,4,24
, 16,16,32,80,128,144,0,16,0,16,0,16,0,16,0,16
, 0,16,0,16,0,16,0,16,0,16,128,80,32,16,0,16
, 0,0,0,0,0,0,0,0,0,0,0,192,192,128,128,192
, 96,48,56,12,14,11,137,248,255,255,195,64,0,0,0,0
, 0,0,128,248,127,55,24,12,6,3,1,0,128,128,192,192
, 240,188,31,7,3,62,254,255,193,64,64,0,0,0,0,255
, 255,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,128,128,0,0,0,1,130,4,4,8,8,8,16,16,16
, 144,16,16,16,16,8,8,4,2,1,128,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,128,128,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,255
, 255,0,0,0,0,0,0,240,248,60,14,7,14,252,240,0
,0,0,112,248,156,140,6,7,3,2,0,0,224,248,124,30
, 15,7,3,1,0,224,126,15,1,0,0,0,0,0,224,254
, 31,7,0,0,0,0,0,0,224,254,31,7,0,0,0,0
, 0,0,240,248,60,14,7,14,252,240,0,0,0,112,248,156
, 140,6,7,3,2,0,0,224,248,124,30,15,7,3,1,0
, 240,248,60,14,7,14,252,240,0,0,0,244,254,254,34,18
, 14,0,0,0,240,254,63,19,19,19,1,0,0,0,0,255
, 255,0,0,0,0,0,0,1,3,2,6,6,3,3,1,0
,0,0,8,8,8,8,9,6,0,0,0,0,1,3,2,2
, 2,0,0,0,0,15,0,0,0,0,0,0,0,0,3,2
,6,6,6,2,2,2,2,0,3,2,6,6,6,2,2,2
,2,0,1,3,2,6,6,3,3,1,0,0,0,8,8,8
, 8,9,6,0,0,0,0,1,3,2,2,2,0,0,0,0

,1,3,2,6,6,3,3,1,0,0,0,7,3,0,0,0
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,0,0,0,0,1,3,2,2,3,1,1,0,0,0,0,255
, 255,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,140
, 66,34,28,0,252,2,2,254,0,8,4,254,0,0,140,66
, 34,28,0,0,0,0,0,0,254,16,16,224,0,60,64,64
, 188,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,255
, 255,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
, 0,0,240,16,16,16,48,0,224,16,16,16,224,0,240,16
, 16,16,224,0,112,144,16,48,0,240,0,0,0,240,0,227
, 18,18,18,224,3,242,18,17,32,194,2,3,2,0,115,18
, 18,242,16,16,112,0,224,16,19,18,226,1,240,4,4,4
, 243,0,224,16,16,16,16,224,0,224,16,16,16,16,224,0
, 240,32,192,0,0,0,240,0,0,16,240,16,0,0,0,0
, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,255
, 255,128,128,128,128,128,128,128,128,128,128,128,128,128,128,128
, 128,128,159,129,129,128,128,128,159,129,129,129,159,128,159,129
, 131,133,152,128,152,144,145,158,128,159,129,129,129,159,128,159
, 129,129,129,159,128,159,144,144,136,135,128,129,129,129,128,128
, 128,159,128,128,128,128,159,129,129,129,159,128,159,129,129,129
, 159,128,143,144,144,144,144,143,128,143,144,144,144,144,143,128
, 159,128,128,129,134,136,159,128,128,144,159,144,128,128,128,128

,128,128,128,128,128,128,128,128,128,128,128,128,128,128,128,255
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#include <avr/io.h> /I include 1/O definitions (port names, pin names, etc)
#include <avr/interrupt.h>

#include "glcd.c"
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/* define CPU frequency in Mhz here if not defined in Makefile */
#ifndef F_CPU

#define F_CPU 16000000UL

#endif

#define msUp 1
#define msDwn 4
#define YposUp 0
#define YposDwn 3
#define freeze 2

#define AC 0
#define DC 1
#define SQUARE 2
#define TRUE 0

#define FALSE 1

unsigned int dataCounter = 0;
unsigned int timeDiv = 0;
unsigned char trigger = 0;
unsigned char findZero = 0;
unsigned char upLimit = 0;
unsigned char lowLimit = 255;
unsigned char prevADCvalue = 0;
unsigned char voltageType = AC;
unsigned char complete = TRUE;
unsigned int voltage;

unsigned char frequency;

unsigned int ADCvalue;



I\/IeIeC-Ir.g_s-ﬁu'rJ e 20 (Saig i) sla o5 g 8 g pladl

unsigned char hex2asciiBuffer[4];

signed char Ypos =0;
signed char Ypos2 =0;

signed char position = 0;

void ADC_init (void);

void hex2Ascii(unsigned int data, unsigned char Buffer[4]);

int main (void)

{

unsigned int ik;
unsigned long endOfPeriod=0;
unsigned char freqComplete=0;

unsigned int maxVoltage=0;

DDRC = 0b00000000;

PORTC =0b11111111;
DDRA = 0b00000000;

glcdinit();

ADC _init();
createWelcomeScreen();
_delay_ms(4000);
createRaster();

createWave();
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for(;;)

{
if (~PINC & (1<<msUp) && (timeDiv <= 120))
timeDiv += 1,
if (~PINC & (1<<msDwn) && (timeDiv >= 1))
timeDiv -= 1;
if (~PINC & (1<<YposUp) && (Ypos2 <= 60))
Ypos2++;
if (~PINC & (1<<YposDwn) && (Ypos2 >= -60))
Ypos2--;
if (~PINC & (1<<freeze))
while (~PINC & (1<<freeze)); // It freezes the display to watch the wave.
[[----=--- v

/I Read 100 samples from analog input.
/I From these 100 samples we can find the midle of the signal to be used as trigger...

/I ... the Volts peak-to-peak and the frequency of the measured signal.

findZero = 0;
upLimit = 0;
lowLimit = 255;

endOfPeriod = 0;
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freqComplete = 0;

complete = FALSE;

for (i=0; i<15000; i++)

{

ADCSRA |= (1 << ADSC); // Enable ADC
loop_until_bit_is_set(ADCSRA, ADIF); // wait until conversion complete.

ADCvalue = ADCH;

/I Y

/I Find the end of the first period that is appeared on LCD.

/I The begining of the period is always the first pixel on the left of LCD.

//[Find the start of the period of the measured waveform.

0))

1)

2))

displayed on LCD.

if((ADCvalue > trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==

freqComplete = 1,

/If you have found the start of the period, find the rise of the waveform.

if((ADCvalue < trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==

freqComplete = 2;

/IThe next step is to find the start of the next period...

if((ADCvalue > trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==

freqComplete = 3; //Wow! we found the end of the first period.

endOfPeriod = ((23000)/(i/2)); //Calculate the frequency that will be

1 "
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prevADCvalue = ADCvalue; // Get a backup of the current ADC value.

for(k=timeDiv;k>0;k--) // Make a delay to see on LCD low-frequency
waveforms. Normally, the minimum waveform that can be entirely displayed on LCD is 310 Hz.

{
ADCSRA |= (1 << ADSC); /I Enable ADC
loop_until_bit_is_set(ADCSRA, ADIF); // wait until conversion
complete.
ADCvalue = ADCH,;
}

if (upLimit < ADCvalue) // Find the higher voltage level of the input waveform.

upLimit = ADCvalue;

if (lowLimit > ADCvalue) // Find the lower voltage level of the input waveform.

lowLimit = ADCvalue;

maxVoltage = (upLimit * 2); // Maximum voltage on ADC pin is calculated
from upLimit register (255*2=510 = 5.10V).

if (ADCvalue > 0)

{

voltage = ((upLimit-lowLimit)*2); //Get the Vpp and store it to
"voltage" (Volts Peak-to-peak of inputed waveform).

ADCvalue +=5;

ADCvalue /= 5;

ADCvalue += 2;
Jelse

ADCvalue = 2;
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position = ADCvalue + Ypos2 +5;

if ((position <= 63) && (position >= 0) && (i<100)) // Adjust Up-Down the
wave on LCD.

fillDataLcdBuffer(i,position);
else
if(i<100)

fillDataLcdBuffer(i,0);

if((i>100)&&(freqComplete==3)) //If i>100 and freqComplete=3 that means
that our waveform is outside of LCD displaying area.

break; //Do not wait until i=15000. Terminate this loop (“for (i=0;
i<15000; i++)")

if(upLimit != lowLimit)

trigger = (((upLimit - lowLimit)/2)+ lowLimit); // Find the middle of the wave to
be used as trigger.

else
trigger = upLimit;
Mf--m---- N
Henmmeee- Print Volts peak-to-peak and frequency on display -------------
restoreRaster();
createWave();
line=3; /[Show the DC voltage
column=109;

gLCDgotoXY (line,column);

hex2Ascii(maxVoltage,hex2asciiBuffer);
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GLCD_WriteChar(hex2asciiBuffer[2]);

sendDataOnLCD(0b01000000); //Print one dot character on LCD (only 1 column
length).

sendDataOnLCD(0);
GLCD_WriteChar(hex2asciiBuffer[1]);
GLCD_WriteChar(hex2asciiBuffer[0]);
sendDataOnLCD(0x00);

GLCD_WriteChar('V";

line=4; /[Show the Vpp (Volts peak-to-peak).
column=109;

gLCDgotoXY (line,column);
hex2Ascii(voltage,hex2asciiBuffer);
GLCD_WriteChar(hex2asciiBuffer[2]);

sendDataOnLCD(0b01000000); //Print one dot character on LCD (only 1 column
length).

sendDataOnLCD(0);
GLCD_WriteChar(hex2asciiBuffer[1]);
GLCD_WriteChar(hex2asciiBuffer[0]);
sendDataOnLCD(0x00);

GLCD_WriteChar('V";

line=6; /I Go to 6th line on LCD.
column=122;

gLCDgotoXY (line,column);

if(timeDiv == 0) /l'If 'timeDiv' = 0 then the frequency in to the 'endOfPeriod’
variable is real.

GLCD_WriteChar(0x5c); // So, print on LCD the "Play" character. '0x5c' is the
‘\' character ("Play" symbol).

else



waveform. So, p

variable is real.

I\/IeIeC-Ir.g_s-ﬁu'rJ e 20 (Saig i) sla o5 g 8 g pladl

GLCD_WriteChar("1); // If 'timeDiv' is not zero that means we have shrink the
rint the "Pause" symbol on LCD.

if(timeDiv == 0) /I'If 'timeDiv' = 0 then the frequency in to the 'endOfPeriod’
{
line=7; /I Go to 7th line and print on LCD the waveform's frequency
column=102;

LCD is 9999 Hz.

frequency value

gLCDgotoXY (line,column);

if(endOfPeriod <10000) // The maximum frequency that can be displayed on

gLCDgotoXY(line,column);
hex2Ascii(endOfPeriod,hex2asciiBuffer);
GLCD_WriteChar(hex2asciiBuffer[3]);
GLCD_WriteChar(hex2asciiBuffer[2]);
GLCD_WriteChar(hex2asciiBuffer[1]);

GLCD_WriteChar(hex2asciiBuffer[0]);

} /I if 'timeDiv' > 0 do not update the frequency. Keep the previous
instead.

I

dataCounter = 0;
complete = FALSE;

freqComplete = 0;

do //Wait in this loop until you find again the start of the measured waveform.

{

prevADCvalue = ADCvalue;
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ADCSRA |= (1 << ADSC); /I Enable ADC
loop_until_bit_is_set(ADCSRA, ADIF);

ADCvalue = ADCH;

/[Find the start of the period of the measured waveform.

if((ADCvalue > trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==
0))

freqComplete = 1;

/If you have found the start of the period, find the rise of the waveform.

if((ADCvalue < trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==
1)

freqComplete = 2;

/IThe next step is to find the start of the next period...

if((ADCvalue > trigger) && (prevADCvalue < ADCvalue) && (freqComplete ==
2))

freqComplete = 3;
complete = TRUE;
}
if(dataCounter > 3000)
complete = TRUE;

dataCounter++;

}while(complete == FALSE);
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void ADC_init (void)

{
ADMUX = 0b01100000;

/ PAO -> ADCO, ADLAR=1 (8-bit)

ADCSRA |= ((1<<ADEN) | (1<<ADSC) | (1<<ADPS1)); // ADC prescaler at 4

/I Function that converts an integer into 4 ASCII-character bytes.

/I For examplee if 'data’ contains the number "6543" then

/I Buffer[3] ='6" Buffer[2]='5" Buffer[1]='4" Buffer[0]='3".

/I 1 know, | could have used the ‘itoa’ function to do the conversion from integer into ASCI|

/I but my function is easier and more convenient to be handled.

//= ===

void hex2Ascii(unsigned int data, unsigned char Buffer[4])

{

Buffer[3] = ((data/1000)+0x30);

data %= 1000;

Buffer[2] = ((data/100)+0x30);

data %= 100;

Buffer[1] = ((data/10)+0x30);

Buffer[0] = ((data%10)+0x30);
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