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Abstract

Oscilloscope is a very extensive electronic measuring instrument. It can convert invis-
ible electrical signals into visible images. Oscil loscope can also be used to observe
the waveform curves of various signal amplitudes changing with time, and it can also
be used to test various voltages, currents, frequencies, phase differences, amplitude

modulation or something else.
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2-1 ESP32-WROOM (DEVKIT V1)

ESP32-WROOM DEVKIT V1(4-®l2-1) ¢ * Xtensa 4% w321+ < i CPU » ¥ 4% #
LXB e e B » 1 % pE % § 160MHz 40240MHz & fE 1758 » 38 5 it 4 7 & 3
600MIPS o @ A P & 4gi * cnf P R S BAFTAHRBEESF > SO HFT Y

@0 AT 407 F g o A ESP8266:11s M A -0 B F M A Ao jLandF it o

W E2-1 ESP32-WROOM DEVKIT V1

s
34 GPIO
12-bit SAR ADC (18 i i )

20 8= A D/A ik E

10 a2 R B E

47% SPI (Serial Peripheral Interface Bus)
2% I12S(Integrated Interchip Sound)

2 # 12C(Inter-Integrated Circuit)

3 & UART(Universal-Asynchronous-Receiver Transmitter)
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4-2 JrRER
4 #2374 (12s_adc_esp32)

#include <Arduino.h>
#include <driver/i2s.h>
#include <driver/adc.h>
#include <soc/syscon reg.h>
#include <TFT eSPIL.h>
#include <SPIL.h>

#include "esp _adc cal.h"
#include "filters.h"

#include <Button2.h>
#define DELAY 1000

#define WIDTH 175 //ttgo:135 1li9341:240 (voltage)
#define HEIGHT 320 //ttog:240 1119341:320 (time)
#define ADC_CHANNEL ADC1 CHANNEL 5
#define NUM_SAMPLES 1000

#define 12S NUM (0)

#define BUFF_SIZE 50000

#define B MULT BUFF_SIZE/NUM_SAMPLES
#define BUTTON 1 35

#define BUTTON 2 0

TFT eSPI tft=TFT eSPI();

TFT eSprite spr = TFT_eSprite(&tft);

Button2 button mode = Button2(BUTTON 1);
Button2 button_set = Button2(BUTTON_2);

esp_adc cal characteristics t adc chars;

TaskHandle t task menu;
TaskHandle t task adc;

float v_div = 825;

float s _div = 10;

float offset = 0;

float toffset = 0;

uint8 t current_filter = 1;

enum Option {
None,
Autoscale,
Vdiv,
Sdiv,
Offset,

//#define DEBUG_SERIAL
//#define DEBUG BUFF

IE B 555 F 4
1 e

I = 5 71 1% L

1/3300/4
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TOffset,
Filter,
Stop,
Mode,
Single,
Clear,
Reset,
Probe,
UpdateF,
Cursorl,
Cursor2

s

int8 t volts_index = 0;
int8 t tscale index = 0;
uint8 t opt = None;

bool menu = false;

bool info = true;

bool set_value = false;
float RATE = 1000;

bool auto_scale = false;
bool full pix = true;

bool stop = false;

bool stop change = false;
uint16_ti2s bufffBUFF_SIZE];

bool single trigger = false;
bool data_trigger = false;

bool updating_screen = false;
bool new data = false;
bool menu_action = false;

uint8 t digital wave option = 0;

void setup() {
Serial.begin(115200);

configure 12s(1000000);

setup_screen();

/lin ksps --> 1000 = 1Msps

//0-auto | 1-analog | 2-digital

I[FE3K 5 p #$i55¢ auto
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button mode.setClickHandler(click);
button_mode.setLongClickHandler(click long);
button_set.setClickHandler(click);
button_set.setLongClickHandler(click long);

characterize adc();
#ifdef DEBUG_BUF

debug_buffer();
#endif

xTaskCreatePinnedToCore(
coreQ_task,
"menu_handle",
10000,
NULL,
0,
&task menu,
0);

xTaskCreatePinnedToCore(
corel task,
"adc_handle",
10000,
NULL,
3,
&task adc,.
1);

void core(_task( void * pvParameters ) {

(void) pvParameters;

for (;;) {

menu_handler();

if (new_data || menu_action) {
new_data = false;
menu_action = false;

updating_screen = true;

update screen(i2s_buff, RATE);
updating_screen = false;
vTaskDelay(pdMS_TO TICKS(10));
Serial.println("COREQ0");

/)i = 1 1% ¥ 3p T b core
//core0:menu

[[i¢ * 3 &p ~ -]- 10000

/l Task input parameter

/I Priority of the task

/I Task handle.

/I Core where the task should
run

/Icorel:adc

/I Stack size in words
Il Task input parameter
/I Priority of the task

/l Task handle

I/ #+% ~ core0 corel

BILH X

/lcore0s4 = menu &) 2 3
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}

vTaskDelay(pdMS TO TICKS(10));
}

}

void corel task( void * pvParameters ) {

(void) pvParameters;

for (;;) {
if (!single_trigger) {
while (updating_screen) {
vTaskDelay(pdMS TO TICKS(1));

}
if (!stop) {
if (stop_change) {
12s_adc_enable(I2S NUM 0);
stop_change = false;
}
ADC_Sampling(i2s_buff);
new_data = true;
}
else {
if (Istop_change) {
12s_adc_disable(1I2S_ NUM 0);
12s zero_dma_buffer(I2S NUM 0);
stop_change = true;
}

}
Serial.println("CORE1");

vTaskDelay(pdMS_TO_TICKS(300));
b

else {

float old mean = 0;

while (single trigger) {
stop = true;
ADC_ Sampling(i2s_buff);
float mean = 0;
float max_v, min_v;
peak mean(i2s buff, BUFF SIZE, &max v,

&min_v, &mean);

if ((old_mean != 0 && fabs(mean - old mean) >

llcorel34 7 adc

I = f 5 =0 » €458 7 4%
R

I = §3=1> R - %
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0.2) || to_voltage(max_v) - to_voltage(min_v) > 0.05)
{
float freq = 0;
float period = 0;
uint32 t trigger0 = 0;
uint32 t triggerl = 0;

bool digital data = !false;
if (digital wave option =—=1) {
trigger freq analog(i2s_buff, RATE, mean,
max_v, min_v, &freq, &period, &trigger(, &triggerl);
}
else if (digital wave option == 0) {
digital data = digital analog(i2s_buff, max v,
min_v);
if (!digital data) {
trigger freq analog(i2s buff, RATE, mean,
max_v, min_v, &freq, &period, &trigger0, &triggerl);
}
else {
trigger freq digital(i2s_buff, RATE, mean,
max_v, min_v, &freq, &period, &trigger0);
}
b

else {
trigger freq digital(i2s_buff, RATE, mean,
max_v, min_v, &freq, &period, &trigger0);
b

single trigger = false;
new_data = true;
Serial.println("Single GOT");

}

vTaskDelay(pdMS TO_TICKS(1));

b
vTaskDelay(pdMS_TO_TICKS(300));
b
;
b

void loop() {}

e 5 s o5t 2 po#s fio s
B AR (il vk 5o

/loption=1 % analog

/loption=0 % analog

/loption=2 % digital
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glAz3% (screen)

void setup_screen() {

tft.init();

tft.setRotation(3); //0:0 degree,1:90
degree,2:180 degree,3:270 degree

spr.createSprite(HEIGHT, WIDTH);
tft.fillScreen(TFT _BLACK);

b
int data[HEIGHT] = {0};

int step. WIDTH=WIDTH/4;
float to_scale(float reading) {
float temp = WIDTH -

(
(

(
(float)((reading - 20480.0) / 4095.0)

+ (offset / 3.3)
)
* 3300/
(v_div * 4)
)

)

*(WIDTH - 1)

-1

return temp;

}

float to_voltage(float reading) {
return (reading - 20480.0) / 4095.0 * 3.3;

}

uint32 t from_voltage(float voltage) {
return uint32_t(voltage / 3.3 * 4095 + 20480.0);

}

void update screen(uint16_t *i2s buff, float
sample_rate) {

float mean = 0;
float max_ v, min_v;

peak mean(i2s buff, BUFF SIZE, &max v,
&min_v, &mean);

// Initialise the TFT registers

/1% % %30 R

ST
// Clear the TFT screen to blue
/3= 451 ¥ %

//set Voltage division 4
TR b R
1S

1% — BLF BT BB LA
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float freq = 0;

float period = 0;
uint32 t trigger0 = 0;
uint32 ttriggerl = 0;

bool digital data = false;
if (digital wave option ==1) {
trigger freq analog(i2s_buff, sample rate,
mean, max_v, min_v, &freq, &period, &trigger(,
&triggerl);
}
else if (digital wave option == 0) {
digital data = digital analog(i2s_buff, max v,
min_v);
if (!digital data) {
trigger freq analog(i2s_buff, sample rate,
mean, max_v, min_v, &freq, &period, &trigger(,
&triggerl);
b
else {
trigger freq digital(i2s_buff, sample rate,
mean, max_v, min_v, &freq, &period,
&trigger0);
}
b

else {
trigger freq digital(i2s_buff, sample rate,
mean, max_v, min_v, &freq, &period,
&trigger0);
}
draw_sprite(freq, period, mean, max_v, min_v,
trigger(O, sample rate, digital data, true);

b

void draw_sprite(float freq,
float period,
float mean,
float max v,
float min_v,

uint32 t trigger,
float sample_rate,
bool digital data,
bool new_data

)

max_v =to_voltage(max v);
min_v =to_voltage(min_v);
String frequency ="";
if (freq < 1000)

/1% = B RE I R E
I RN SV
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frequency = String(freq) + "hz";
else if (freq < 100000)

frequency = String(freq / 1000) + "khz";
else

frequency = "----";

String s mean ="";
if (mean > 1.0)
s mean = "Avg: " + String(mean) + "V";
else
s mean = "Avg: " + String(mean * 1000.0) +
"mV";
String str_filter ="";
if (current_filter == 0)
str_filter = "None";
else if (current_filter == 1)
str_filter = "Pixel";
else if (current_filter == 2)
str_filter = "Mean-5";
else if (current_filter == 3)
str_filter = "Lpass9";

String str_stop ="";
if (Istop)

str_stop = "RUNNING";
else

str_stop = "STOPPED",;

String wave option="";
if (digital wave option == 0)
if (digital data )
wave_option = "AUTO:Dig./data";
else
wave_option = "AUTO:Analog";
else if (digital wave option == 1)
wave_option = "MODE:Analog";
else
wave_option = "MODE:Dig./data";

if (new_data) {
spr.fillSprite(TFT BLACK);

draw_grid();

if (auto_scale) {
auto_scale = false;
v_div=1000.0 * max v/4.0;
s_div = period / 3.5;
if (s div>7000 || s div<=0)

/[HE & & % 31000hz B4% B =
khz

[/X taEE 3] Pl T T o
B4v: ER BT EE X
1000+myv

//stop=0%F 7+ running

//stop=1%¢ 7 stopped
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s _div="7000;
if (v_div<=0)
v_div = 825;
}

if (!(digital wave option == 2 && trigger ==
0))
draw_channell(trigger, 0, i2s_buff,
sample rate);

}

int shift = 150;
if (menu) {
spr.drawLine( 0, int(WIDTH/2), HEIGHT,
int(WIDTH/2), TFT _WHITE); //center line
spr.fillRect(shift, 0, HEIGHT, WIDTH,
TFT BLACK);
spr.drawRect(shift, 0, HEIGHT, WIDTH,
TFT _WHITE);
spr.fillRect(shift + 1, 3 + 10 * (opt - 1), 100,
11, TFT_RED);

spr.drawString("AUTOSCALE", shift + 5, 5);

spr.drawString("V: " + String(int(v_div)) +
"mV/div", shift+5, 15);

spr.drawString("H: " + String(int(s_div)) +
"uS/div", shift + 5, 25);

spr.drawString("Offset: " + String(offset) +
"V", shift + 5, 35);

spr.drawString("T-Off: " +
String((uint32_t)toffset) + "uS", shift + 5, 45);

spr.drawString("Filter: " + str_filter, shift + 5,
55);

spr.drawString(str_stop, shift + 5, 65);

spr.drawString(wave_option, shift + 5, 75);

spr.drawString("Single " +
String(single trigger ? "ON" : "OFF"), shift + 5,
85);

spr.drawLine(shift, 103, shift + 100, 103,
TFT _WHITE);

spr.drawString("Vmax: " + String(max_v) +
"V", shift + 5, 105);

spr.drawString("Vmin: " + String(min_v) +
"V", shift + 5, 115);

spr.drawString(s mean, shift+ 5, 125);

shift -= 80;

G2 PR R EE 2

B ® W mis > rEE

24




spr.drawRect(shift, 0, 80, 30, TFT_WHITE);

spr.drawString("Vp-p: " + String(max_v -
min_v) +"V", shift + 5, 5);

spr.drawString("f: " + frequency, shift+ 5,
15);

String offset line = String((2.0 * v_div) /
1000.0 - offset) + "V";

spr.drawString(offset_line, shift + 50, 75);

if (set_value) {

spr.fillRect(HEIGHT-11, 0, 11, 11,
TFT BLUE);

spr.drawRect(HEIGHT-11, 0, 11, 11,
TFT _WHITE);

spr.drawLine(HEIGHT-9, 5, HEIGHT-2 , 5,
TFT_WHITE);

spr.drawLine(HEIGHT-6, 2, HEIGHT-6, 8,
TFT WHITE);

spr.fillRect(HEIGHT-11, WIDTH-11, 11, 11,
TFT_BLUE);

spr.drawRect(HEIGHT-11, WIDTH-11, 11,
11, TFT_WHITE);

spr.drawLine(HEIGHT-9, WIDTH-6,
HEIGHT-2, WIDTH-6, TFT _WHITE);

b
}

else if (info) {
spr.drawLine( 0, int(WIDTH/2), HEIGHT,
int(WIDTH/2), TFT_WHITE);
spr.drawRect(shift + 10, 0, HEIGHT - shift -
10, 30, TFT_WHITE);
spr.drawString("Vp-p: " + String(max_v -
min_v) +"V", shift + 15, 5);
spr.drawString("f: " + frequency, shift+ 15,
15);
String offset line = String((2.0 * v_div) /
1000.0 - offset) + "V";
spr.drawString(offset line, shift + 70, 75);

}

spr.pushSprite(0, 0);

yield();
}

void draw_grid() {
for (int i = 0; i < (HEIGHT/10); i++) {
spr.drawPixel(i * 10, step. WIDTH,

//spr.fillRect(shift, 0, 70, 30,
TFT _BLACK);

//change 229 to HEIGHT-11
//change 229 to HEIGHT-11

//change 231 to HEIGHT-9 238
to HEIGHT-2

//change 234 to HEIGHT-6 234
to HEIGHT-6

//change 229 to HEIGHT-11
124 to WIDTH-11

//change 229 to HEIGHT-11
124 to WIDTH-11

//change 231 to HEIGHT-9 238
to HEIGHT-2 129 to WIDTH-6

/1% 7+ #E 5~ Vp-p
//center line

//spr.drawString("taivs", 10,
170);

//push the drawed sprite to the
screen

// Stop watchdog reset

IRE Eom ik Bk~ Rk
/124 modify to HEIGHT/10
//33 modify to 60 (240/4)
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TFT WHITE);
spr.drawPixel(i * 10, step WIDTH*2,
TFT WHITE);
spr.drawPixel(i * 10, step WIDTH*3,
TFT WHITE);
}
for (int1=0; 1 <WIDTH; 1 += 10) {
for (int j = 0; j < HEIGHT; j += step. WIDTH)
{
spr.drawPixel(j, i, TFT _WHITE);
b
}
b

void draw_channell (uint32_t trigger0, uint32 t
triggerl, uint16_t *i2s buff, float sample rate) {

data[0] = to_scale(i2s_buff]trigger0]);

low_pass filter(0.99);

mean_filter mfilter(5);

mfilter.init(i2s_buff]trigger0]);

filter. value = i2s buff]trigger0];

float data_per pixel = (s_div /step WIDTH) /
(sample_rate / 1000);

uint32_t index offset = (uint32_t)(toffset /
data_per pixel);
trigger0 += index_offset;
uint32_told index = trigger0;
float n_data =0, o _data=
to_scale(i2s_buff]trigger0]);
for (uint32 ti=1; i <HEIGHT; i++) {
uint32_t index = trigger0 + (uint32 _t)((i+ 1) *
data per pixel);
if (index < BUFF_SIZE) {
if (full pix && s _div > step WIDTH &&
current_filter == 0) {
uint32 t max val =12s buff[old index];
uint32 t min_val =i2s_buff[old_index];
for (int j = old_index; j < index; j++) {

if (12s_buff]j] > max_val)
max_val =12s_buff[j];

else if (i2s_buff[j] < min_val)
min_val =12s_buffj];

}

spr.drawLine(i, to_scale(min_val), 1,

//67 modify to 120 (240/4)

//101 modify to 180 (240/4)

//135 modify to WIDTH
//240 modify to HEIGHT,34
modify to step WIDTH

/13 82
//screen wave drawing

//34 modify to step WIDTH
(240/4)
// uint32 _t cursor = (trigger1-
trigger0)/data_per pixel;

//" spr.drawLine(cursor, 0,
cursor, 135, TFT _RED);

/1240 modify to HEIGHT

//34 modify to step. WIDTH
(240/4)

//draw lines for all this data
points on pixel i
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to_scale(max_val), TFT YELLOW);
}
else {
if (current_filter == 2)
n_data =
to_scale(mfilter.filter((float)i2s_buff]index]));
else if (current_filter == 3)
n_data =
to_scale(filter.filter((float)i2s_buff[index]));
else
n_data =to_scale(i2s_buff]index]);

spr.drawLine(i - 1, o_data, i, n_data,
TFT _YELLOW);
o _data =n_data;

b
b

else {
break;
}
old index = index;
}
b
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#l425¢ (options handler )

int voltage division[6] = {

825,
750,
500,
250,
100,
50
¥

float time_division[9] = {

10,

25,

50,

100,

250,

500,

1000,

2500,

void menu_handler() {
button_mode.loop();
button_set.loop();

}

void click long(Button2& btn) {
menu_action = true;
if (btn == button_mode) {
uint32 t pressed =
btn.wasPressedFor();
if (pressed > 1000) {
opt = None;
hide menu();
set_value = false;

b
}

else {
uint32_t pressed =
btn.wasPressedFor();
if (pressed > 1000) {
if (set_value) {
set value = false;

//screen has 4 divisions, 31 pixels each
(125 pixels of height)

/Mfullscreen 3.3V peak-peak

T RA i & R e th T R B

/*each sample represents 1us (1Msps),
thus, the time division is the number
of samples per screen division

*/

/Iscreen has 4 divisions, 60 pixel each

(240 pixel of width)

3 e N M=

/I, //1Mhz  35ms of data (of 50ms

possible)

// 10000, //100khz 70ms/500ms

// 25000, //100khz 175ms/500ms of

data

// 50000, //100khz 350ms/500ms of

data

// 100000 //50khz 700ms/1000ms of

data

/] de % A2 E - ) o B
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}

else {
switch (opt) {
case Vdiv:
v_div = 825;
volts_index = 0;
break;

case Sdiv:
s _div=10;
tscale index = 0;
break;

case Offset:
offset = 0;
break;

case TOffset:
toffset = 0;
break;

case Filter:

current_filter = 1;
break;

case None:
info = !info;
break;

default:
break;

void click(Button2& btn) {
menu_action = true;

if (set_value) {
switch (opt) {
case Vdiv:
if (btn == button_set) {
volts_index++;
if (volts_index >=
sizeof(voltage division) /
sizeof(*voltage division)) {
volts_index = 0;

}

WL 3 o BN

/1P B A= 4o 8

/B B A 4 B

113 8P 4= 4 (B

Nk = 358

[ H T R ASORE > BRI v
FI825 5 F & F T R B AB25PF » k&

B ¢ w350
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}

else {
volts index--;
if (volts_index < 0) {
volts index =
sizeof(voltage division) /
sizeof(*voltage division) - 1;
}
H

v _div=
voltage division[volts_index];
break;

case Sdiv:
if (btn == button_mode) {
tscale_index++;
if (tscale_index >=
sizeof(time division) /
sizeof(*time_division)) {
tscale_index = 0;
b
b

else {
tscale_index--;
if (tscale_index < 0) {
tscale index =
sizeof(time_division) /
sizeof(*time_division) - 1;
b
b

s_div =time_division[tscale index];

break;

case Offset:
if (btn == button_mode){

offset += 0.1 * (v_div * 4) / 3300;

b
else{
offset -= 0.1 * (v_div * 4) / 3300;
h
if (offset > 3.3)
offset = 3.3;
if (offset < -3.3)
offset = -3.3;
break;

/1% 5 FpERE L 10PF 5 34e 5L ¢ W 3
5000 ; & & ¥ pF R 4.5000F%F o 3
5.¢ w310

[ B A et T AR
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case TOffset: /A FERA, 2+ # b
if (btn == button_mode)
toffset += 0.1 * s_div;
else
toffset -= 0.1 * s_div;

break;

default:
break;

}
b

else {
if (btn == button_mode) {
opt++;
if (opt > Single)
opt = None;
if (opt == None)
hide menu();
else
show_menu();

}

else if (btn == button_set) {
switch (opt) {
case Autoscale:
auto_scale = lauto_scale;

break;

case Vdiv:
set_value = true;
break;

case Sdiv:
set_value = true;
break;

case Offset:
set_value = true;
break;

case Stop:
stop = !Istop;
break;

case TOffset:
set value = true;
break;

case Single:
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single trigger = true;

break;

case Reset:
offset = 0;
v_div = 825;
s div=10;

tscale_index = 0;
volts index = 0;
break;

case Probe:
break;

case Mode:
digital wave optiont++;
if (digital wave option > 2)
digital wave option = 0;
break;

case Filter:
current_filter++;
if (current_filter > 3)
current_filter = 0;
break;

default:
break;

b
}
b
b

void hide menu() {
menu = false;
}

void hide all() {
menu = false;
info = false;

}

void show menu() {
menu = true;

}

String strings vdiv() {
return "";

I

//reset & ¥

1135 R

GEE: E =R
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String strings_sdiv() {
return "";

}

String strings_offset() {

}

return "";
String strings _toffset() {

}

return

String strings_freq() {

nmn,

return

b

String strings peak() {

nn,

return "

b

String strings vmax() {

nmn,

return "

}

String strings vmin() {

nmn,

return "

}

String strings_filter() {

nmn,

return "

}

B 47 ;% (data_analysis)

void peak_mean(uint16_t *i2s_buffer,

uint32_t len, float * max_value, float *

min_value, float *pt_mean) {
max_value[0] = i2s_buffer[0];
min_value[0] = i2s_buffer[0];
mean_filter filter(5);
filter.init(i2s_buffer[0]);

float mean = 0;
for (uint32_ti=1;i<len;i++){

float value =
filter.filter((float)i2s_buffer[i]);
if (value > max_value[0])
max_value[0] = value;
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if (value < min_value[0])
min_value[0] = value;

mean +=i2s_buffer[i];

}

mean /= float(BUFF_SIZE);

mean = to_voltage(mean);

pt_mean[0] = mean;
}
bool digital _analog(uint16_t
*i2s_buffer, uint32_t max_v, uint32_t
min_v) {

uint32_t upper_threshold = max_v -
0.05 * (max_v - min_v);

uint32_t lower_threshold = min_v +
0.05 * (max_v - min_v);
uint32_t digital_data = 0;
uint32_t analog_data =0;
for (uint32_ti=0; i< BUFF_SIZE; i++) {
if (i2s_buffer[i] > lower_threshold) {
if (i2s_buffer[i] > upper_threshold) {

digital_data++;
}

else {

analog_data++;

}
}

else {

digital_data++;
}
}

if (analog_data < digital_data)
return true;
return false;

}

void trigger_freq_analog(
uintl6_t*i2s_buffer,

float sample_rate,

float mean,uint32_t max_yv,
uint32_t min_y,

float *pt_freq,

[/TEEIE(E ~ SEE
//true if digital/ false if analog HI|Er5
fir or JHEEENSE

/[5HE FEEFTEEER +Vp-Vp-p*5%

[/ETE TG EEER —Vp+Vp-p*5%

//HIGH DIGITAL

//ANALOG/TRANSITION

//LOW DIGITAL

//more than 50% of data is analog
/18 ir
//35EE

/EEEARET R
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float *pt_period,
uint32_t *pt_triggeroO,
uint32_t *pt_triggerl) {

float freq = 0;

float period = 0;

bool signal_side = false;

uint32_t trigger_count = 0;

uint32_t trigger_num = 10;

uint32_t trigger_templtrigger_num] =
{0}

uint32_t trigger_index = 0;

if (to_voltage(i2s_buffer[0]) > mean) {

signal_side = true;

}

uint32_t wave_center = (max_v +
min_v) / 2;
for (uint32_ti=1;i<BUFF_SIZE; i++) {
if (signal_side && i2s_buffer[i] <
wave_center - (wave_center - min_v) *
0.2){
signal_side = false;
}
else if (Isignal_side && i2s_buffer[i] >
wave_center + (max_v - wave_center) *
0.2){
freq++;
if (trigger_count < trigger_num) {
trigger_templtrigger_count] =i;
trigger_count++;
}
signal_side = true;
}
}

if (trigger_count < 2) {
trigger_temp[0] = 0;
trigger_index = 0;

e LGN Eig:
/i3 E 10 1E &5 78 =52/351]

//get initial signal relative to the mean
[/EEEELLET >mean TEFE
<mean &Fif4

//waveform repetitions calculation + get
triggers time

/[ EREE T Bhi=(Fe K +E/]N) /2

/15 FHE

/B4

A

//frequency calculation $EREE 1A

1t

35




freq =0;
period = 0;
}

else {

freq = freq * 1000 / 50;
period = (float)(sample_rate * 1000.0)
/ freq;

if (freq < 2000 && freq > 80) {
period = 0;
for (uint32_ti=1;i<trigger_count;
i++) {
period += trigger_templi] -
trigger_templi - 1];
}
period /= (trigger_count - 1);
freq = sample_rate * 1000 / period;
}

else if (trigger_count > 1 && freq <=
80) {
period = trigger_templ[1] -
trigger_temp[0];
freq = sample_rate * 1000 / period;
}
}

uint32_t trigger2 = 0;
if (trigger_temp[0] - period * 0.05 >0
&& trigger_count > 1) {
trigger_index = trigger_temp[0] -
period * 0.05;
trigger2 = trigger_temp[1] - period *
0.05;
}
else if (trigger_count > 2) {
trigger_index = trigger_templ[1] -
period * 0.05;
if (trigger_count > 2)
trigger2 = trigger_temp|[2] - period *
0.05;

}
pt_triggerO[0] = trigger_index;

//simple frequency calculation fair

enough for frequencies over 2khz (20hz

resolution) 1KHz/50=20Hz

//f=2KHz

//from 2000 to 80 hz -> uses mean of

the periods for precision
(71722000~800Hz ~ fif] {55 FH A

HISEE TR = 2B

//80Hz~2KHz

//under 80hz, single period for
frequency calculation

(B> 80Hz AR FELEA(E #EH)

//setting triggers offset and getting
second trigger for debug cursor on
drawn_channell

/*

The trigger function uses a rise
porcentage (5%) obove the mean, thus,
the real waveform starting point is

some datapoints back.
The resulting trigger gets a negative
offset of 5% of the calculated period

*/
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pt_trigger1[0] = trigger2;
pt_freq[0] = freq;
pt_period[0] = period;

}

void trigger_freq_digital(

uintl6_t *i2s_buffer,

float sample_rate,

float mean,

uint32_t max_y,

uint32_t min_y,

float *pt_freq,

float *pt_period,

uint32_t *pt_trigger0) {
float freq = 0;
float period = 0;
bool signal_side = false;
uint32_t trigger_count = 0;
uint32_t trigger num = 10;
uint32_t trigger_templtrigger_num] =

{o};
uint32_t trigger_index = 0;

if (to_voltage(i2s_buffer[0]) > mean) {
signal_side = true;

}

uint32_t wave_center = (max_v +
min_v)/ 2;

bool normal_high = (mean >
to_voltage(wave_center)) ? true : false;

if (max_v - min_v > 4095 * (0.4 / 3.3)) {

for (uint32_ti=1;i< BUFF_SIZE; i++)
{
if (signal_side && i2s_buffer[i] <
wave_center - (wave_center - min_v) *
0.2){

if (trigger_count < trigger num &&
normal_high) {
trigger_temp[trigger_count] =i;
trigger_count++;

signal_side = false;

}

1B S

ey (6N B
/iy B 10 (1= & ~F ) =578 1]

//get initial signal relative to the mean
//waveform repetitions calculation + get
triggers time

/BB = K+ i/ N2

/IHFIER- P E A AR BB BE ok
//0.4/3.3=x/4095([-L:/5)

//signal was high, fell -> trigger if
normal high

/[ETEE+1
/5% 3%




else if (Isignal_side && i2s_buffer]i]
> wave_center + (max_v - wave_center)
*0.2) {
freq++;

//signal was low, rose -> trigger if
normal low
if (trigger_count < trigger_num
&& !normal_high) {
trigger_temp([trigger_count] =i;
trigger_count++;
}
signal_side = true;
}
}
freq = freq * 1000 / 50;
period = (float)(sample_rate * 1000.0)
/ freq;
if (trigger_count > 1) {

if (freq < 2000 && freq > 80) {
period = 0;
for (uint32_ti=1;i<trigger_count;
i++) {
period += trigger_templi] -
trigger_templi - 1];
}
period /= (trigger_count - 1);
freq = sample_rate * 1000 / period;
}
else if (trigger_count > 1 && freq <=
80) {
period = trigger_temp[1] -
trigger_temp[0];
freq = sample_rate * 1000 / period;
}
}
trigger_index = trigger_templ[0];
if (trigger_index > 10)
trigger_index -= 10;
else
trigger_index = 0;
}
pt_triggerO[0] = trigger_index;
pt_freq[0] = freq;
pt_period[0] = period;

/[ETEE+1
AR

//from 2000 to 80 hz -> uses mean of
the periods for precision

(/11742000~800Hz =[] (i F LAY
Yo R SR )

J1HAZR=Hi5% 2+ 1000/ #5H]

/M 80Hz B {EFERE T E A HA
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= ARG
W % adc ;7

void characterize adc() {
esp_adc_cal characterize(
(adc_unit t)ADC UNIT 1,
(adc_atten t)ADC_CHANNEL,
(adc_bits width t)ADC_WIDTH_BIT 12,
1100,
&adc_chars);

57



W £ 125 adc esp3242;\ 75

#include <Arduino.h>
#include <driver/i2s.h>
#include <driver/adc.h>
#include <soc/syscon_reg.h>
#include <TFT eSPL.h>
#include <SPI.h>

#include "esp _adc_cal.h"
#include "filters.h"

#include <Button2.h>
#define DELAY 1000

#define WIDTH 175 //ttgo:135 1119341:240 (voltage)
#define HEIGHT 320 //ttog:240 i119341:320 (time)
#define ADC_CHANNEL ADC1 _CHANNEL 5
#define NUM_SAMPLES 1000

#define 2S NUM (0)

#define BUFF_SIZE 50000

#define B MULT BUFF_SIZE/NUM_SAMPLES
#define BUTTON 1 35

#define BUTTON 2 0

TFT eSPI tft=TFT eSPI();

TFT eSprite spr = TFT_eSprite(&tft);

Button2 button_mode = Button2(BUTTON _1);
Button2 button_set = Button2(BUTTON _2);

esp_adc cal characteristics_t adc_chars;

TaskHandle t task menu;
TaskHandle ttask adc;

float v_div = 825;

float s_div = 10;

float offset = 0;

float toffset = 0;

uint8 t current filter = 1;

enum Option {
None,
Autoscale,
Vdiv,
Sdiv,
Offset,
TOffset,
Filter,
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Stop,
Mode,
Single,
Clear,
Reset,
Probe,
UpdateF,
Cursorl,
Cursor2

s

int8 t volts_index = 0;
int8 t tscale index = 0;
uint8 t opt = None;

bool menu = false;

bool info = true;

bool set_value = false;
float RATE = 1000;

bool auto_scale = false;
bool full pix = true;

bool stop = false;

bool stop_change = false;
uint16_ti2s bufffBUFF_SIZE];

bool single trigger = false;
bool data_trigger = false;

bool updating_screen = false;
bool new_data = false;
bool menu_action = false;

uint8 t digital wave option = 0;

void setup() {
Serial.begin(115200);

configure i2s(1000000);
setup_screen();

button mode.setClickHandler(click);
button _mode.setLongClickHandler(click long);
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button_set.setClickHandler(click);
button_set.setLongClickHandler(click long);

characterize adc();
#ifdef DEBUG_BUF

debug_buffer();
#endif

xTaskCreatePinned ToCore(
core0_task,
"menu_handle",
10000,
NULL,
0,
&task menu,
0);

xTaskCreatePinnedToCore(
corel task,
"adc_handle",
10000,
NULL,
3,
&task adc,.
1);

void core(_task( void * pvParameters ) {

(void) pvParameters;

for (:;) {

menu_handler();

if (new_data || menu_action) {
new_data = false;
menu_action = false;

updating_screen = true;

update screen(i2s_buff, RATE);
updating_screen = false;
vTaskDelay(pdMS _TO_TICKS(10));
Serial.println("COREQ0");
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vTaskDelay(pdMS TO TICKS(10));
}

}

void corel task( void * pvParameters ) {

(void) pvParameters;

for (;;) {
if (!single_trigger) {
while (updating_screen) {
vTaskDelay(pdMS TO TICKS(1));

}
if (!stop) {
if (stop_change) {
12s_adc_enable(12S_NUM 0);
stop_change = false;
}
ADC_Sampling(i2s_buff);
new_data = true;
}
else {
if (Istop_change) {
12s_adc_disable(1I2S_ NUM 0);
12s zero_dma_ buffer(I2S NUM 0);
stop_change = true;
}

}
Serial.println("CORE1");

vTaskDelay(pdMS_TO_TICKS(300));
b

else {

float old mean = 0;

while (single trigger) {
stop = true;
ADC_ Sampling(i2s_buft);
float mean = 0;
float max_v, min_v;
peak mean(i2s buff, BUFF SIZE, &max v, &min v, &mean);

if ((old_mean != 0 && fabs(mean - old mean) > 0.2) || to_voltage(max v) -
to_voltage(min_v) > 0.05) {
float freq = 0;
float period = 0;
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uint32 t trigger0 = 0;
uint32 ttriggerl = 0;

bool digital data = !false;
if (digital wave option =—=1) {
trigger freq analog(i2s_buff, RATE, mean, max_v, min_v, &freq, &period,
&trigger0, &triggerl);
}
else if (digital wave option == 0) {
digital data = digital analog(i2s_buff, max v, min_v);
if (!digital data) {
trigger freq analog(i2s_buff, RATE, mean, max_v, min_v, &freq,
&period, &trigger0, &triggerl);
}

else {
trigger freq digital(i2s_buff, RATE, mean, max_v, min_v, &freq,
&period, &trigger0);
b
}

else {
trigger freq digital(i2s_buff, RATE, mean, max_v, min_v, &freq, &period,
&trigger0);
}

single_trigger = false;
new_data = true;
Serial.println("Single GOT");

b
vTaskDelay(pdMS TO_ TICKS(1));

}
vTaskDelay(pdMS_TO TICKS(300));
}
}
}

void loop() {}
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W 3 options handler 42 ;% 75

int voltage division[6] = {

825,
750,
500,
250,
100,
50
¥

float time_division[9] = {

10,

25,

50,

100,

250,

500,

1000,

2500,

void menu_handler() {
button_mode.loop();
button_set.loop();

}

void click long(Button2& btn) {
menu_action = true;
if (btn == button_mode) {
uint32_t pressed = btn.wasPressedFor();
if (pressed > 1000) {
opt = None;
hide_menu();
set value = false;

b
b
else {
uint32_t pressed = btn.wasPressedFor();
if (pressed > 1000) {
if (set_value) {
set_value = false;
b
else {
switch (opt) {
case Vdiv:
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v_div = 825;
volts_index = 0;

break;

case Sdiv:
s _div=10;
tscale index = 0;
break;

case Offset:
offset = 0;
break;

case TOffset:
toffset = 0;
break;

case Filter:
current_filter = 1;
break;

case None:
info = !info;
break;

default:
break;

void click(Button2& btn) {
menu_action = true;

if (set_value) {
switch (opt) {
case Vdiv:
if (btn == button_set) {
volts index++;
if (volts_index >= sizeof(voltage division) / sizeof(*voltage division)) {
volts index = 0;
}
h

else {
volts index--;
if (volts_index < 0) {
volts index = sizeof(voltage division) / sizeof(*voltage division) - 1;
}
i
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v_div = voltage division[volts_index];
break;

case Sdiv:
if (btn == button_mode) {
tscale index++;
if (tscale_index >= sizeof(time division) / sizeof(*time division)) {
tscale index = 0;
}
H

else {
tscale index--;
if (tscale_index < 0) {
tscale index = sizeof(time division) / sizeof(*time division) - 1;
}
b

s div=time_ division[tscale index];
break;

case Offset:
if (btn == button_mode){
offset += 0.1 * (v_div * 4) / 3300;

}
else{
offset -= 0.1 * (v_div * 4) / 3300;
}
if (offset > 3.3)
offset = 3.3;
if (offset < -3.3)
offset = -3.3;
break;
case TOffset:

if (btn == button_mode)
toffset += 0.1 * s_div;
else
toffset -= 0.1 * s_div;

break;

default:
break;

b
}

else {
if (btn == button_mode) {
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opt++;

if (opt > Single)
opt = None;

if (opt == None)
hide menu();

else
show_menu();

else if (btn == button_set) {
switch (opt) {
case Autoscale:

auto scale = lauto_scale;
break;

case Vdiv:
set_value = true;
break;

case Sdiv:
set_value = true;
break;

case Offset:
set_value = true;
break;

case Stop:
stop = !Istop;
break;

case TOffset:
set_value = true;
break;

case Single:
single trigger = true;
break;

case Reset:
offset = 0;
v_div = 825;
s _div=10;

tscale index = 0;
volts_index = 0;
break;

case Probe:
break;
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case Mode:
digital wave optiont+;
if (digital wave option > 2)
digital wave option = 0;
break;

case Filter:
current_filter++;
if (current_filter > 3)
current_filter = 0;
break;

default:
break;

b
b
b
b

void hide_menu() {
menu = false;

}

void hide_all() {
menu = false;
info = false;

}

void show_menu() {
menu = true;

h

String strings vdiv() {
return "";

h

String strings_sdiv() {
return "";

h

String strings offset() {
return "";

h

String strings_toffset() {
return "";

h

String strings freq() {
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return

}

String strings peak() {

}

return

String strings vmax() {

}

return

String strings vmin() {
return "";

}

String strings_filter() {

}

return "

68




W 3 screen A2\ 7%

void setup_screen() {
tft.init();
tft.setRotation(3); //0:0 degree,1:90 degree,2:180 degree,3:270 degree

spr.createSprite(HEIGHT, WIDTH);
tft.fillScreen(TFT _BLACK);

}
int datafHEIGHT] = {0};

int step. WIDTH=WIDTH/4;
float to_scale(float reading) {
float temp = WIDTH -

(
(

(
(float)((reading - 20480.0) / 4095.0)

+ (offset / 3.3)
)
*3300/
(v_div * 4)
)

)

*(WIDTH - 1)

- 1’

return temp;

}

float to_voltage(float reading) {
return (reading - 20480.0) / 4095.0 * 3.3;

}

uint32_t from_voltage(float voltage) {
return uint32_t(voltage / 3.3 * 4095 +20480.0);
b

void update screen(uintl16_t *i2s_buff, float sample rate) {

float mean = 0;
float max_v, min_v;

peak mean(i2s buff, BUFF SIZE, &max v, &min_ v, &mean);

float freq = 0;

float period = 0;
uint32 t trigger0 = 0;
uint32 t triggerl = 0;
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bool digital data = false;
if (digital wave option ==1) {
trigger freq analog(i2s buff, sample rate, mean, max_v, min_v, &freq,
&period, &trigger(, &triggerl);
}
else if (digital wave option == 0) {
digital data = digital analog(i2s_buff, max_v, min_v);
if (!digital data) {
trigger freq analog(i2s_buff, sample rate, mean, max_v, min_v, &freq,
&period, &trigger0, &triggerl);
}
else {
trigger freq digital(i2s_buff, sample rate, mean, max v, min_v, &freq,
&period, &trigger0);
b
b
else {
trigger freq digital(i2s_buff, sample rate, mean, max_ v, min_ v, &freq, &period,
&trigger0);
b

draw_sprite(freq, period, mean, max_v, min_v, triggerO, sample rate, digital data,
true);

b

void draw_sprite(float freq,
float period,
float mean,
float max v,
float min_v,

uint32 _t trigger,
float sample_rate,
bool digital data,
bool new_data

)

max_v = to_voltage(max v);
min_v =to_voltage(min_v);

String frequency ="";
if (freq < 1000)
frequency = String(freq) + "hz";
else if (freq < 100000)
frequency = String(freq / 1000) + "khz";
else
frequency = "----";

String s mean ="";
if (mean > 1.0)

s_mean = "Avg: " + String(mean) + "V";
else
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s mean = "Avg: " + String(mean * 1000.0) + "mV";

String str_filter ="";

if (current_filter == 0)
str_filter = "None";

else if (current_filter == 1)
str_filter = "Pixel";

else if (current_filter == 2)
str_filter = "Mean-5";

else if (current_filter == 3)
str_filter = "Lpass9";

String str_stop="";
if (!stop)

str_stop = "RUNNING";
else

str_stop = "STOPPED";

String wave option="";
if (digital wave option == 0)
if (digital data )
wave_option = "AUTO:Dig./data";
else
wave_option = "AUTO:Analog";
else if (digital wave option == 1)
wave_option = "MODE:Analog";
else
wave_option = "MODE:Dig./data";

if (new_data) {
spr.fillSprite(TFT_BLACK);

draw_grid();
if (auto_scale) {
auto_scale = false;
v_div=1000.0 * max_v/4.0;
s _div = period / 3.5;
if (s_div>7000 || s_div <=0)
s _div="7000;
if (v_div<=0)
v_div = 825;
}

if (!(digital wave option == 2 && trigger == 0))
draw_channell(trigger, 0, 12s_buff, sample rate);

}

int shift = 220;
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if (menu) {
spr.drawLine( 0, int(WIDTH/2), HEIGHT, int(WIDTH/2), TFT _WHITE);
//center line
spr.fillRect(shift, 0, HEIGHT, WIDTH, TFT BLACK);
spr.drawRect(shift, 0, HEIGHT, WIDTH, TFT WHITE);
spr.fillRect(shift + 1, 3 + 10 * (opt - 1), 100, 11, TFT RED);

spr.drawString("AUTOSCALE", shift + 5, 5);

spr.drawString("V: " + String(int(v_div)) + "mV/div", shift + 5, 15);
spr.drawString("H: " + String(int(s_div)) + "uS/div", shift+ 5, 25);
spr.drawString("Offset: " + String(offset) + "V", shift + 5, 35);
spr.drawString("T-Off: " + String((uint32_t)toffset) + "uS", shift + 5, 45);
spr.drawString("Filter: " + str_filter, shift + 5, 55);

spr.drawString(str_stop, shift + 5, 65);

spr.drawString(wave option, shift + 5, 75);

spr.drawString("Single " + String(single trigger ? "ON" : "OFF"), shift + 5, 85);

spr.drawLine(shift, 103, shift + 100, 103, TFT _WHITE);

spr.drawString("Vmax: " + String(max_v) +"V", shift + 5, 105);
spr.drawString("Vmin: " + String(min_v) + "V", shift + 5, 115);
spr.drawString(s_mean, shift + 5, 125);

shift -= 80;

spr.drawRect(shift, 0, 80, 30, TFT WHITE);

spr.drawString("Vp-p: " + String(max_v - min_v) +"V", shift + 5, 5);
spr.drawString("f: " + frequency, shift + 5, 15);

String offset line = String((2.0 * v_div) / 1000.0 - offset) + "V";
spr.drawString(offset line, shift + 50, 75);

if (set_value) {
spr.fillRect(HEIGHT-11, 0, 11, 11, TFT _BLUE);
spr.drawRect(HEIGHT-11, 0, 11, 11, TFT_WHITE);
spr.drawLine(HEIGHT-9, 5, HEIGHT-2 , 5, TFT _WHITE);
spr.drawLine(HEIGHT-6, 2, HEIGHT-6, 8, TFT _WHITE);
spr.fillRect(HEIGHT-11, WIDTH-11, 11, 11, TFT_BLUE);
spr.drawRect(HEIGHT-11, WIDTH-11, 11, 11, TFT_WHITE);
spr.drawLine(HEIGHT-9, WIDTH-6, HEIGHT-2, WIDTH-6, TFT WHITE);

}
b

else if (info) {
spr.drawLine( 0, int(WIDTH/2), HEIGHT, int(WIDTH/2), TFT WHITE);
spr.drawRect(shift + 10, 0, HEIGHT - shift - 10, 30, TFT WHITE);
spr.drawString("Vp-p: " + String(max_v - min_v) +"V", shift + 15, 5);
spr.drawString("f: " + frequency, shift + 15, 15);
String offset line = String((2.0 * v_div) / 1000.0 - offset) + "V";
spr.drawString(offset line, shift + 70, 75);
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spr.pushSprite(0, 0);

yield();
}

void draw_grid() {
for (int i = 0; 1 < (HEIGHT/10); i++) {
spr.drawPixel(i * 10, step WIDTH, TFT WHITE);
spr.drawPixel(i * 10, step WIDTH*2, TFT WHITE);
spr.drawPixel(i * 10, step WIDTH*3, TFT WHITE);
}
for (inti=0; 1 < WIDTH; 1 +=10) {
for (int j = 0; j < HEIGHT,; j += step. WIDTH) {
spr.drawPixel(j, i, TFT WHITE);
b
b
b

void draw_channell(uint32 t trigger0, uint32 _t triggerl, uint16_t *i2s_buff, float
sample rate) {

data[0] = to_scale(i2s_buff]trigger0]);

low_pass filter(0.99);

mean_filter mfilter(5);

mfilter.init(i2s_bufftrigger0]);

filter. value = i2s_buff]trigger0];

float data_per pixel = (s_div /step WIDTH) / (sample_rate / 1000);

uint32 tindex offset = (uint32 t)(toffset / data per pixel);
trigger0 += index_offset;
uint32 told index = trigger0;
float n_data =0, o_data =to_scale(i2s_bufftrigger0]);
for (uint32 ti=1; i <HEIGHT; i++) {
uint32 tindex = trigger0 + (uint32 t)((i+ 1) * data_per pixel);
if (index < BUFF_SIZE) {
if (full pix && s div > step. WIDTH && current_filter == 0) {
uint32 t max val =12s buff[old index];
uint32 t min_val =i2s_buff[old_index];
for (int j = old_index; j < index; j++) {

if (12s_buff]j] > max_val)
max_val =12s_buff[j];

else if (i2s_buff[j] < min_val)
min_val =12s_buffj];

}
spr.drawLine(i, to_scale(min_val), i, to_scale(max val), TFT YELLOW);
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}

else {
if (current_filter == 2)
n_data =to_scale(mfilter.filter((float)i2s_buff[index]));
else if (current_filter == 3)
n_data =to_scale(filter.filter((float)i2s_buff][index]));
else
n_data =to_scale(i2s_buff[index]);

spr.drawLine(i - 1, o_data, i, n_data, TFT _YELLOW);
o _data =n_data;

b
b

else {
break;

}

old index = index;
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W 4 data analysis 4#2;% 75

void peak mean(uint16_t *i2s buffer, uint32 t len, float * max_value, float *
min_value, float *pt mean) {

max_value[0] =12s_buffer[0];

min_value[0] = i2s_buffer[0];

mean_filter filter(5);

filter.init(i2s_buffer[0]);

float mean = 0;
for (uint32 ti=1;1<len;it++) {

float value = filter.filter((float)i2s_buffer[i]);
if (value > max_value[0])

max_value[0] = value;
if (value < min_value[0])

min_value[0] = value;

mean +=12s_buffer[i];
b
mean /= float(BUFF_SIZE);
mean = to_voltage(mean);
pt_mean[0] = mean;

//true if digital/ false if analog
bool digital analog(uint16 t *i2s buffer, uint32 t max v, uint32 t min v) {
uint32 tupper_threshold =max_v - 0.05 * (max_v - min_v);
uint32 tlower threshold =min v+ 0.05 * (max_v - min_v);
uint32 t digital data = 0;
uint32_t analog_data = 0;
for (uint32_ti=0; i <BUFF_SIZE; i++) {
if (i2s_buffer[i] > lower _threshold) {
if (12s_buffer[i] > upper_threshold) {
//HIGH DIGITAL
digital datat++;
b
else {
//ANALOG/TRANSITION
analog_data++;

}
b

else {
//LOW DIGITAL
digital data++;
b
}

//more than 50% of data is analog
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if (analog data < digital data)
return true;

return false;

}

void trigger freq analog(uint16 t *i2s buffer,
float sample_rate,
float mean,
uint32_t max v,
uint32 tmin v,
float *pt_freq,
float *pt period,
uint32 _t *pt_trigger0,
uint32 t *pt_triggerl) {
float freq = 0;
float period = 0;
bool signal side = false;
uint32 t trigger count = 0;
uint32 t trigger num = 10;
uint32_ttrigger temp[trigger num] = {0};
uint32_ttrigger index = 0;

//get initial signal relative to the mean
if (to_voltage(i2s_buffer[0]) > mean) {
signal_side = true;

}

//waveform repetitions calculation + get triggers time
uint32 t wave center = (max_v +min_v)/2;
for (uint32 ti=1;i<BUFF_SIZE; i++) {
if (signal side && i2s_buffer[i] < wave center - (wave center - min_v) * 0.2) {
signal side = false;
}
else if (!signal side && 12s buffer[i] > wave center + (max_v - wave_center) *
0.2) {
freq++;
if (trigger count < trigger num) {
trigger temp[trigger count] = i,
trigger count++;
H
signal_side = true;
H
}

//frequency calculation
if (trigger count <2) {
trigger temp[0] = O;

trigger index = 0;
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freq=0;
period = 0;
b

else {

//simple frequency calculation fair enough for frequencies over 2khz (20hz
resolution)

freq = freq * 1000 / 50;

period = (float)(sample rate * 1000.0) / freq; //us

//from 2000 to 80 hz -> uses mean of the periods for precision
if (freq < 2000 && freq > 80) {

period = 0;

for (uint32_ti=1;1 <trigger count;it++) {

period += trigger templ[i] - trigger templ[i - 1];

b

period /= (trigger count - 1);

freq = sample rate * 1000 / period;
}

//under 80hz, single period for frequency calculation
else if (trigger count > 1 && freq <= 80) {
period = trigger temp[1] - trigger temp[0];
freq = sample rate * 1000 / period;
b
b

//setting triggers offset and getting second trigger for debug cursor on
drawn_channell
/*
The trigger function uses a rise porcentage (5%) obove the mean, thus,
the real waveform starting point is some datapoints back.
The resulting trigger gets a negative offset of 5% of the calculated period
*/
uint32 t trigger2 = 0;
if (trigger temp[0] - period * 0.05 > 0 && trigger count > 1) {
trigger index = trigger temp[0] - period * 0.05;
trigger2 = trigger temp|[1] - period * 0.05;
}
else if (trigger count > 2) {
trigger index = trigger temp[1] - period * 0.05;
if (trigger _count > 2)
trigger2 = trigger temp[2] - period * 0.05;
b

pt trigger0[0] = trigger index;
pt trigger1[0] = trigger2;
pt_freq[0] = freq;

pt period[0] = period;
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void trigger freq digital(uint16_t *i2s_ buffer,
float sample_rate,
float mean,
uint32 t max v,
uint32 t min v,
float *pt_freq,
float *pt_period,
uint32 t *pt_trigger0) {

float freq = 0;

float period = 0;

bool signal side = false;

uint32 _t trigger count = 0;

uint32 t trigger num = 10;

uint32 ttrigger temp[trigger num] = {0};
uint32 ttrigger index = 0;

//get initial signal relative to the mean
if (to_voltage(i2s_buffer[0]) > mean) {
signal_side = true;

}

//waveform repetitions calculation + get triggers time
uint32 t wave center = (max_v + min v)/2;
bool normal_high = (mean > to_voltage(wave center)) ? true : false;
if (max_v - min_v >4095 * (0.4 /3.3)) {
for (uint32 ti=1;1<BUFF_SIZE;i++) {
if (signal_side && 12s_buffer[i] < wave center - (wave center - min_v) * 0.2) {

//signal was high, fell -> trigger if normal high

if (trigger count < trigger num && normal_high) {
trigger temp[trigger count] = i,
trigger count++;

}

signal side = false;

}

else if (!signal side && i12s_buffer[i] > wave center + (max v - wave_center) *
0.2) {
freqt+;

//signal was low, rose -> trigger if normal low

if (trigger count < trigger num && !normal high) {
trigger temp|trigger count] = i;
trigger count++;
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}

signal side = true;
}
b

freq = freq * 1000 / 50;
period = (float)(sample_rate * 1000.0) / freq; //us

if (trigger count > 1) {
//from 2000 to 80 hz -> uses mean of the periods for precision
if (freq <2000 && freq > 80) {
period = 0;
for (uint32_ti=1; 1 <trigger count;it++) {
period += trigger templ[i] - trigger templi- 1];
}
period /= (trigger count - 1);
freq = sample _rate * 1000 / period;

}

//under 80hz, single period for frequency calculation
else if (trigger count > 1 && freq <= 80) {
period = trigger temp[1] - trigger temp[0];
freq = sample _rate * 1000 / period;
b
b

trigger index = trigger temp[0];

if (trigger_index > 10)
trigger index -= 10;
else
trigger index = 0;

}

pt _trigger0[0] = trigger index;
pt freq[0] = freq;
pt_period[0] = period;
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W . debug routines #2.;\ 75

#ifdef DEBUG_BUF
void debug_buffer() {
ADC_Sampling();
i2s_adc disable(I2S NUM 0);
delay(1000);
for (uint32 ti=0;1<B MULT * NUM_SAMPLES; i++) {
for (intj = 05 j < 1; j++) {
Serial.println(i2s_buft]i]);
}
delay(5);
}
12s_zero_dma_buffer(I2S NUM 0);
i2s_adc_enable(12S_NUM 0);
while (1);
}
#endif
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W i 2s#E\5E

void configure i2s(int rate) {
/*keep in mind:
dma buf len * dma buf count * bits_per sample/8 > 4096
*/
12s_config ti2s config =
{
.mode = (i2s_mode t)(I2S MODE MASTER | I12S MODE RX |
12S MODE ADC BUILT IN), //12S receive mode with ADC

.sample_rate = rate, // sample rate

Jbits per sample =12S BITS PER SAMPLE 16BIT, /116
bit 125

.channel format=12S CHANNEL FMT ALL LEFT, /!

only the left channel
.communication_format = (i2s_comm_format t)(I2S COMM_FORMAT I2S |
[12S COMM_FORMAT 12S MSB), //12S format

antr_alloc flags =1, // none
.dma_buf count=2, // number of DMA
buffers
.dma_buf len=NUM_SAMPLES, // number of
samples
.use_apll =0, // no Audio PLL
I8

adcl _config channel atten(ADC_CHANNEL, ADC ATTEN 11db);
adcl config width(ADC WIDTH 12Bit);
i2s_driver install(I2S NUM 0, &i2s_config, 0, NULL);

i2s_set adc mode(ADC UNIT 1, ADC_CHANNEL);

SET PERI REG_MASK(SYSCON SARADC CTRL2 REG,
SYSCON_SARADC SARI1 INV);

12s_adc_enable(12S_NUM 0);
b

void ADC_Sampling(uint16_t *i2s buff){
for (int1=0; 1 <B_MULT; i++) {
//TODO i2s_read_bytes is deprecated, replace with new function
12s_read bytes(I2S NUM 0, (char*)&i2s buff[i * NUM_SAMPLES],
NUM_SAMPLES * sizeof(uint16_t), portMAX DELAY);
b
b

void set_sample rate(uint32 t rate) {
12s_driver uninstall(I2S NUM_ 0);
configure i2s(rate);

}
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