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Abstract

The automated workstation for Toxic residue analysis was developed to using for analysing for the

food toxic residue in the process of checking pesticide residues in the samples by GT pesticide test kit.

This machine consists of Arduino UNO microprocessor board, servo and stepping motors are included.

The developed machine can pipetting and analysing the level of toxic residue from the extract effective

and rapidly. It is more accurate and precise to use compared of the old method which pipetted by the

tester. To test on satisfactory of the user, this machine was taken to be tested by 27 pesticide residue

testers located at Royal Project Development Centers, using rating scale of Best. It was found that the

value of satisfactory is at “High” level (AV. 4.2, SD. 0.78 ).
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Aduino Code

#define THERMISTORNOMINAL 10000
#define TEMPERATURENOMINAL 25
#define BCOEFFICIENT 3950
#define SERIESRESISTOR 4700
#include <math.h>

#define pep_step 128

#define blacklight 41

#define VR 14

#define buzzer 31

#define en_pl 18

#define en_p2 37

#define en_push 35

#define bt 33

#define heater_pin 10

#define ORIG_X_MAX_PIN 2
#define ORIG Y MAX_PIN 15
#define ORIG_Z MIN PIN 19
#define ORIG_X_MIN_PIN 3
#define ORIG_Y_MIN_PIN 14
#define ORIG_X_STEP PIN 54
#define ORIG_X_DIR PIN 55
#define ORIG_X_ENABLE_PIN 38
#define ORIG_Y_STEP_PIN 60
#define ORIG_Y DIR PIN 61
#define ORIG_Y ENABLE PIN 56
#define ORIG_Z STEP_PIN 46
#define ORIG _Z DIR PIN 48
#define ORIG_Z ENABLE PIN 62
#define ORIG_E_STEP_PIN 26
#define ORIG_E DIR_PIN 28
#define ORIG_E_ENABLE PIN 24
#define tip_servo_pin 8

#define z_servol_pin 9

#define z_servo2_pin 4

#define p_adj_up_pin 23

#define p_adj_down_pin 27

#define ENCODER_OPTIMIZE_INTERRUPTS
#define use_eep

// table zone

#define AAA 0

#define BBB 1

#define CCC 4

#define DDD 5

#define EEE 2

#define FFF 3

#include <Arduino.h>

#include <U8g2lib.h>

#include <SPL.h>



#include <Encoder.h>
#include <TimerOne.h>
#include <EEPROM.h>
const int servo_max = (112 * 5), servo_min = (-106 * 5);
uint16_t adc_t1[40];
uint8_t adc_index = 0;
const uint8_t THERMISTER_1_pin = 13;
Encoder knob(en_pl, en_p2);
U8G2_ST7920_128X64 F_HW_SPIu8g2(U8G2_R2, /* CS=*/53, /* reset=*/8);
uint8_t f_start = 0;
int servo_t_value = -20;
int servo_t_reject = 140;
int servo_z_value = -106;
int tip_count = 0;
inta_count = 0;
int b_count = 0;
int ¢_count = 0;
intd_count = 0;
int e_count = 0;
int f count = 0;
struct MyObject
{
uint16_t pipe_cal;
uint16_t wait_time;
uint16_t pipe_26;
uint16_t pipe_40;
uint16_t pipe_80;
uintl6_tlev_a;
uintl6_t lev_b;
uintl6_tlev_c;
uintl6_tlev_d;
uintl6_tlev_e;
uintl6_tlev_f;
uintl6_tlev_tl;
uint16_t lev_t2;
uintl6_tlev_t3;
int Kp;
int Ki;
int Kd;
int Ki_min;
int Ki_max;
int temp_ref;
S
MyObject parameter;
struct MyObject_check
{
uint8 t x;
uint8 ty;
uint8_t z;
uint8_t p;

uint8 tt;
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b

MyObject_check Myaxis;

int sampling = 0;

float temp_ref;

uint8_t run = 0;

uint8_t test_value = 0;

uint8_t test_level = 0;

int count = 0;

uint8_t page = 0;

uint32_t t0, t1, t2, t3, t4, t5, buzzer_time;
uint32_t bt_count = 0;

uint8_t bt_press = 0;

uint8_t bt_hold = 0;

uint8_t bt_state = 0;

uint8_t bt_prev_state = 0;

uint8_t btl_press = 0;

uint8_t btl_state = 0;

uint_t btl_prev_state = 0;

uint8_t cerser = 0;

const int line[] = {8, 19, 30, 41, 52, 63};
int32_t test_tube_MI1[50][2] = {0};
int32_ttest_tube M2[50][2] = {0};
int32_t test_tube_M2_s[3][2] = {0};
int32_ttip[192][2] = {0};

int32_t A_F[6][2] = {0};
int32_tA_F_lev[6] = {0};

uint8_t process = 0;

uint8_t sub_process = 0;

uint8_t sub2_process = 0;

uint8_t sub3_process = 0;

int32_t tip_drop[2] = {21000, 6400}; // 4000 31000
uint32_t show_wait_time = 0;

volatile int32_t x_mechine;

volatile int32_ty mechine;

volatile int32_tz _mechine = servo_max;
volatile int32_tt mechine;

volatile int32_t p_mechine;

volatile int32_t x_target;

volatile int32_ty_target;

volatile int32_tz target = 0;

volatile int32_tt_target;

volatile int32_tp_target;

static uint8_t run_count;

volatile uint32_t start_time_for_wake;
float temp = 0;

uint16_t solution_count[6] = {0};
uint8_t cal tip =0;

int air_gab = 15;

int x_acc = 0;

inty acc=0;

int p_acc = 0;



float PID_error = 0;
float previous_error = 0;
int PID_value = 0;
float PID_p = 0.0;
float PID_i=0.0;
void beep_ms(uint8_t ms)
{
digital Write(buzzer, 1);
buzzer_time = millis() + ms;
}
int x_acc_pre = 10;
inty_acc_pre = 10;
int p_acc_pre;
const int acc_config = 100;
const int acc_config_max = §;
const int acc_config_min = 0;
const int acc_distance = 1000;
int8_t test_tip_Hold = 0;
int8 t fin=0;
uint8_tre_screen = 1;
void setup(void)
{
for (int index = 0; index < 50; index-++)
{
test_tube M1[index][0] = 13500 + (index % 10) * 1600; // x
test_tube_M1[index][1] = 12000 + (index / 10) * 1600; // y
¥
for (int index = 0; index < 50; index-++)
{
test_tube_M2[index][0] = 12200 + (index % 10) * 1600; // x
test_tube M2[index][1] = 24250 + (index / 10) * 1600; // y
}
for (int index = 0; index < 96 * 2; index++)
{
if (index < 96)
{
tip[index][0] = 4170 + (index % 12) * 895; // x
tiplindex][1] = 2900 + (index / 12) * 895; // y
}
else
{
tip[index][0] = tip[index - 96][0] + 12900, // offset
tiplindex][1] = tip[index - 96][1]; // offset
}
}
A_F[0][0] = 4900;
A_F[0][1] =27100;
A_F[1][0] = 4900,
A_F[1][1]=23350;
A_F[2][0] = 4900;
A_F[2][1] = 19600;
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A_F[3][0] = 4900;
A_F[3][1] = 15850;
A_F[4][0] = 4900;
A_F[4][1] = 12050,
A_F[5][0] = 10500,
A_F[5][1] = 17300;
test_tube_M2_s[0][0] = test_tube_M2[0][0] + (10 * 1600);
test_tube_M2_s[0][1] = test_tube_M2[0][1] + (2 * 1600);
test_tube_M2_s[1][0] = test_tube_M2[0][0] + (10 * 1600);
test_tube_M2_s[1][1] = test_tube M2[0][1] + (3 * 1600);
test_tube_M2_s[2][0] = test_tube_M2[0][0] + (10 * 1600);
test_tube_M2_s[2][1] = test_tube_M2[0][1] + (4 * 1600);
Serial.begin(115200);
u8g2.begin();
u8g2.clearBuffer();
u8g2.sendBuffer();
pinMode(p_adj_up_pin, INPUT_PULLUP);
pinMode(p_adj_down_pin, INPUT_PULLUP);
pinMode(13, OUTPUT);
pinMode(heater_pin, OUTPUT);
pinMode(buzzer, OUTPUT);
pinMode(en_pl, INPUT_PULLUP);
pinMode(en_p2, INPUT_PULLUP);
pinMode(en_push, INPUT_PULLUP);
pinMode(bt, INPUT_PULLUP);
pinMode(en_pl, INPUT_PULLUP);
pinMode(en_p2, INPUT_PULLUP);
pinMode(en_push, INPUT_PULLUP);
pinMode(ORIG_X_MAX_PIN, INPUT_PULLUP);
pinMode(ORIG_Y MAX_PIN, INPUT PULLUP);
pinMode(ORIG_Z MIN_PIN, INPUT PULLUP);
pinMode(ORIG_X_STEP_PIN, OUTPUT);
pinMode(ORIG_X_DIR_PIN, OUTPUT);
pinMode(ORIG_X_ENABLE PIN, OUTPUT); //y
digitalWrite(ORIG_X_DIR_PIN, HIGH);
pinMode(ORIG_Y _STEP_PIN, OUTPUT);
pinMode(ORIG_Y DIR_PIN, OUTPUT);
pinMode(ORIG_Y ENABLE PIN, OUTPUT);
pinMode(ORIG_Z_STEP_PIN, OUTPUT);
pinMode(ORIG_Z_DIR_PIN, OUTPUT);
pinMode(ORIG_Z ENABLE_PIN, OUTPUT);
digitalWrite(ORIG_Z DIR_PIN, HIGH); //-x
pinMode(ORIG_E_STEP_PIN, OUTPUT);
pinMode(ORIG_E_DIR_PIN, OUTPUT);
pinMode(ORIG_E_ENABLE_PIN, OUTPUT);
for (int adc_index = 0; adc_index < 40; adc_index++)
{

adc_tl[adc_index] = analogRead(THERMISTER 1 _pin);
}
EEPROM.get(0, parameter);



pinMode(blacklight, OUTPUT);
digital Write(blacklight, HIGH);
int raw_vr = map((analogRead(VR) + analogRead(VR)) / 2, 0, 1023, 0, 880);
sampling = raw_vr / 20;
go_home();
Timerl.initialize(65);
Timerl.attachInterrupt(hw_handle);
}
void loop(void)
{
t0 = millis();
if (t0 - t5 >= 5000)
{
t5 =10;
if (fin==1)
beep_ms(5);
}
if (10 -t4>=1)
{
t4 = 10;
adc_t1[adc_index] = analogRead(THERMISTER_1_pin);
adc_index++;
if (adc_index >= 40)
adc_index = 0;
digitalWrite(13, 1);
digitalWrite(13, 0);
¥
if (buzzer_time < t0)
{
digital Write(buzzer, 0);
}
if (t0 - t1 >= 100)
{
tl = t0;
if (digitalRead(p_adj_down_pin) == 0)
p_mechine -= 1500;
if (digitalRead(p_adj up_pin) == 0)
p_mechine += 1500;
Y s s
temp = (int)((float)get_tr1() * 10.0f);
if ((temp < 10) || (temp > 1000))
temp = 0;
if (temp !=0)
{
PID_error = (float)parameter.temp_ref * 0.1f - ((float)temp * 0.1f);
/[Calculate the P value
PID_p = ((float)parameter.Kp * 1.0f) * PID_error;
PID i = PID_i + (((float)parameter.Ki * 0.1f) * PID_error * 0.01f);
if (PID_i > ((float)parameter.Ki_max * 1.0f))
PID_i = ((float)parameter.Ki_max * 1.0f);

if (PID_i < -((float)parameter.Ki_max * 1.0f))
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PID_i = -((float)parameter.Ki_max * 1.0f);
PID_value =PID p + PID i;
if (PID_value < 0)
PID_value = 0;
if (PID_value > 200)
PID_value = 200;
analogWrite(heater_pin, PID_value);
}
else
{
analogWrite(heater_pin, 0);
PID i=0;
PID_value = 0;
}
// Serial.print(" temp_ref=");
// Serial.print((float)parameter.temp_ref * 0.1f);
// Serial.print(" temp=");
// Serial.print((float)temp * 0.1f);
// Serial.print(" PID_error=");
// Serial.print(PID_error);
// Serial.print(" PID_value=");
// Serial.print(PID_value);
// Serial.print(" PID_i=");
// Serial.print(PID_i);
// Serial.print(" Kp=");
// Serial.print(((float)parameter.Kp * 1.0f));
// Serial.print(" Ki=");
// Serial.print(((float)parameter.Ki * 0.11));
// Serial.println("");
// Serial.print(" p_target=");
// Serial.print((p_target));
// Serial.print(" p_mechine=");
// Serial.print((p_mechine));
// Serial.println("");
Y s s
bt_prev_state = bt_state;

bt_state = 1 - digitalRead(bt);

if (bt_state == 0 && bt_prev_state == 1 && bt_hold == 0 && bt_press == 0)

{
beep_ms(2);
bt_press = 1;
re_screen = 1;
#ifdef use_eep
EEPROM.put(0, parameter);
#endif
}
if (bt_count == 10)
{
beep_ms(100);
bt _hold=1;

re_screen = 1;
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#ifdef use_eep
EEPROM.put(0, parameter);
#endif
}
btl_prev_state = btl_state;
btl_state = 1 - digitalRead(en_push);
if (bt1_state == 0 && bt1_prev_state == 1)
{
beep_ms(2);
btl_press = 1;
re_screen = 1;
#ifdef use_eep
EEPROM.put(0, parameter);
#endif
}
else
{
btl_press = 0;
}
int tmp1 = knob.read() / 4;
int raw_vr = map((analogRead(VR) + analogRead(VR)) / 2, 0, 1023, 0, 880);
if (run == 0)
{
if ((raw_vr - (sampling * 20)) < -15)
{
sampling--;
re_screen = 1;
}
if ((raw_vr - (sampling * 20)) > 15)
{
sampling++;
re_screen = 1;
¥
¥
u8g2.clearBuffer();
u8g2.setFont(u8g2_font profontl1_tr);
char tmp[100];
constint1l1 =8,12=19,13 =30,14=41,15=152,16 = 63;
if (bt_hold == 0 && run == 0)
page = constrain(page + tmpl, 0, 4);
static int16_t temp_tmp, show_wait_time tmp, run_tmp;
if (re_screen != 0 || tmp1 != 0 || temp_tmp != temp || show_wait_time tmp !=show_wait_time || run !=run_tmp)
{
re_screen = 0;
temp_tmp = temp;
show_wait_time_tmp = show_wait_time;
run_tmp = run;
switch ((uint8_t)page)
{

case 0:



static uint8_t bt_press_tmp0;
if (bt_press == 1 && bt_press_tmp0 == 0)
{
run =1 - run;
re_screen = 1;
}
bt_press_tmp0 = btl_press;
sprintf(tmp, "Main Page ~ T=%2d.%dC", (int)temp / 10, (int)(temp) % 10);
u8g2.drawStr(0, 11, tmp);
sprintf(tmp, " Number of sample");
u8g2.drawStr(0, 12, tmp);
sprintf(tmp, "Unit");
u8g2.drawStr(90, 15, tmp);
sprintf(tmp, "Wait %2d Min", show_wait_time / 60000);
u8g2.drawStr(0, 16, tmp);
show_wait_time = 0;
if (run)
{
sprintf(tmp, "Stop");
u8g2.drawStr(98, 16, tmp);
}
else
{
sprintf{tmp, "Start");
u8g2.drawStr(98, 16, tmp);
¥
sprintf(tmp, "%d", sampling);
u8g2.setFont(u8g2 font ncenB24 tn);
u8g2.drawStr(45, 49, tmp);
break;
case 1:
static uint8_t bt_press_tmpl;
if (bt_press == 1 && bt_press_tmpl == 0)
{
test_value = 1 - test_value;
}
bt_press_tmpl =btl_press;
static uint8_t btl_press_tmpl;
if (bt1_press == 1 && btl_press_tmpl == 0)
{
cerser = cerser + 1;
re_screen = 1;
¥
if (cerser > 4)
cerser = 0;
btl_press_tmpl = btl_press;
sprintf(tmp, ">>");
u8g2.drawStr(0, line[cerser + 1], tmp);
if (bt_hold)
{

switch ((uint8_t)cerser)
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{
case 0:
parameter.pipe_cal = (double)parameter.pipe_cal + tmp1;
break;
case 1:
parameter.pipe_cal = (double)parameter.pipe_cal + tmp1;
break;
case 2:
parameter.pipe_cal = (double)parameter.pipe_cal + tmp1;
break;
case 3:
parameter.pipe_cal = (double)parameter.pipe_cal + tmp1;
break;
case 4:
parameter.pipe_cal = (double)parameter.pipe_cal + tmp1;
break;
}
}
sprintf(tmp, "Pipette Calibration");
u8g2.drawStr(0, 11, tmp);
sprintf(tmp, " 0.20ml = %d", (uint32_t)((float)parameter.pipe cal * 0.2f));
u8g2.drawStr(0, 12, tmp);
sprintf{tmp, " 0.22ml = %d", (uint32_t)((float)parameter.pipe_cal * 0.22f));
u8g2.drawStr(0, 13, tmp);
sprintf(tmp, " 0.26ml = %d", (uint32_t)((float)parameter.pipe cal * 0.26f));
u8g2.drawStr(0, 14, tmp);
sprintf{tmp, " 0.40ml = %d", (uint32_t)((float)parameter.pipe_cal * 0.41));
u8g2.drawStr(0, 15, tmp);
sprintf(tmp, " 0.80ml = %d", (uint32_t)((float)parameter.pipe_cal * 0.8f));
u8g2.drawStr(0, 16, tmp);
sprintf(tmp, "Test");
u8g2.drawStr(100, 16, tmp);
break;
case 2:
static uint8_t bt_press_tmp2;
if (bt_press == 1 && bt_press_tmp2 == 0)
{
if (process == 0)
test_level = 1 - test_level;
¥
bt_press_tmp2 = btl_press;
static uint8_t btl_press_tmp2;
if (bt1_press == 1 && btl_press_tmp2 == 0)
{
cerser = cerser + 1;
re_screen = 1;
¥
if (cerser > 4)
cerser = 0;
btl_press_tmp2 = btl_press;

sprintf(tmp, ">>");
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u8g2.drawStr(0, line[cerser + 1], tmp);
if (bt_hold)
{
switch ((uint8_t)cerser)
{
case 0:
parameter.lev_a = parameter.lev_a + tmp]1;
break;
case 1:
parameter.lev_b = parameter.lev_b + tmp]1;
break;
case 2:
parameter.lev_c = parameter.lev_c + tmpl;
break;
case 3:
parameter.lev_d = parameter.lev_d + tmp1;
break;
case 4:
parameter.lev_e = parameter.lev_e + tmpl;
break;
}
¥
sprintf(tmp, "Level Setting 1");
u8g2.drawStr(0, 11, tmp);
sprintf(tmp, " Ex-2 = %d", parameter.lev_a);
u8g2.drawStr(0, 12, tmp);
sprintf(tmp, " GT-1 = %d", parameter.lev_b);
u8g2.drawStr(0, 13, tmp);
sprintf(tmp, " GT-2 = %d", parameter.lev_c);
u8g2.drawStr(0, 14, tmp);
sprintf(tmp, " GT-3 = %d", parameter.lev_d);
u8g2.drawStr(0, 15, tmp);
sprintf(tmp, " GT-4 = %d", parameter.lev_e);
u8g2.drawStr(0, 16, tmp);
sprintf(tmp, "Test");
u8g2.drawStr(100, 16, tmp);
break;
case 3:
static uint8_t bt_press_tmp3;
static uint8_t btl_press_tmp3;
if (btl_press == 1 && btl_press_tmp3 == 0)
{
cerser = cerser + 1;
re_screen = 1;
¥
btl_press_tmp3 = btl_press;
if (cerser > 4)
cerser = 0;
if (bt_press == 1 && bt_press_tmp3 == 0)
{
if (process == 0 && cerser |=4)



test_level = 1 - test_level;
}
bt_press_tmp3 = btl_press;
sprintf(tmp, ">>");
u8g2.drawStr(0, line[cerser + 1], tmp);
if (bt_hold)
{
switch ((uint8_t)cerser)
{
case 0:
parameter.lev_f = parameter.lev_f + tmp1;
break;
case 1:
parameter.lev_tl = constrain(parameter.lev_t1 + tmpl, 0, 217);
break;
case 2:
parameter.lev_t2 = constrain(parameter.lev_t2 + tmpl, 0, 210);
break;
case 3:
parameter.lev_t3 = constrain(parameter.lev_t3 + tmpl, 0, 185);
break;
case 4:
parameter.wait_time = constrain(parameter.wait_time + tmp1, 0, 60);
break;
}
}
sprintf(tmp, "Level Setting 2");
u8g2.drawStr(0, 11, tmp);
sprintf(tmp, " GT-5 = %d", parameter.lev_f);
u8g2.drawStr(0, 12, tmp);
sprintf(tmp, " Test Tube 1 = %d", parameter.lev_t1);
u8g2.drawStr(0, 13, tmp);
sprintf(tmp, " Test Tube 2 = %d", parameter.lev_t2);
u8g2.drawStr(0, 14, tmp);
sprintf(tmp, " Tip = %d", parameter.lev_t3);
u8g2.drawStr(0, 15, tmp);
sprintf(tmp, " Wait Time = %d", parameter.wait_time);
u8g2.drawStr(0, 16, tmp);
sprintf(tmp, "Test");
u8g2.drawStr(105, 16, tmp);
break;
case 4:
static uint8_t bt_press_tmp4;
if (btl_press == 1 && bt_press_tmp4 == 0)
{
cerser = cerser + 1;
re_screen = 1;
}
if (cerser > 4)
cerser = 0;

bt_press_tmp4 = btl_press;
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sprintf(tmp, ">>");
u8g2.drawStr(0, line[cerser + 1], tmp);
if (bt_hold)
{
switch ((uint8_t)cerser)
{
case 0:
parameter.Kp = constrain(parameter.Kp + tmp1, 0, 177);
break;
case 1:
parameter.Ki = constrain(parameter.Ki + tmpl1, 0, 225);
break;
case 2:
parameter.Kd = constrain(parameter.Kd + tmp1, 0, 210);
break;
case 3:
parameter.Ki_max = constrain(parameter.Ki_max + tmpl, 1, 48);
tip_count = (parameter.Ki_max - 1);
break;
case 4:
parameter.temp_ref = constrain(parameter.temp_ref + tmp1, 0, 1000);
break;
}
}
sprintf(tmp, "Level Setting 3");
u8g2.drawStr(0, 11, tmp);
sprintf(tmp, " Max Solution = %d", (int)parameter.Kp);
u8g2.drawStr(0, 12, tmp);
sprintf(tmp, " Max GT-3 = %d", (int)parameter.Ki);
u8g2.drawStr(0, 13, tmp);
sprintf(tmp, " Mix Solution = %d", (int)parameter.Kd);
u8g2.drawStr(0, 14, tmp);
sprintf{tmp, " Tip Start = %d", (int)parameter.Ki_max);
u8g2.drawStr(0, 15, tmp);
sprintf(tmp, " Set Temp = %d.%01d C", (int)parameter.temp_ref/ 10, (int)parameter.temp_ref % 10);
u8g2.drawStr(0, 16, tmp);
break;
default:
break;
}
u8g2.sendBuffer();
}
if (bt_state == 1)
{
bt_count++;
}
else
{
bt_count = 0;

bt_hold = 0;



bt_press = 0;
}
if (tmp1 !=0)

knob.write(0);

if (t0 - t3 >=20)
{
t3 =10;
update AF_lev();
if (abs(x_mechine - x_target) > acc_distance)
{
if (x_acc_pre > acc_config_min)
{
X_acc_pre--;
}
}
else
{
if (x_acc_pre < acc_config_max)
{
x_acc_pre++;
}
}
if (abs(y_mechine - y_target) > acc_distance)
{
if (y_acc_pre > acc_config_min)
{
y_acc_pre--;
¥
}
else
{
if (y_acc_pre < acc_config_max)
{
y_acc_pre++;
}
}

if (abs(p_mechine - p_target) > 400)
{
if (p_acc_pre > 0)
{
p_acc_pre--;
}
}
else
{
if (p_acc_pre < 2)
{

p_acc_pret++;

86



}
}
// Serial.print("xf=");
// Serial.print(x_target);
// Serial.print(" xm=");
// Serial.print(x_mechine);
// Serial.print(" yf=");
// Serial.print(y_target);
// Serial.print(" ym=");
// Serial.print(y_mechine);
// Serial.print(" zf=");
// Serial.print(z_target);
// Serial.print(" zm=");
// Serial.print(z_mechine);
// Serial.print(" page=");
// Serial.print(page);
// Serial.print(" process=");
// Serial.print(process);
// Serial.print(" sub_process=");
// Serial.print(sub_process);
// Serial.printIn("");
// Serial.print("aa=");
// Serial.print(solution_count[AAA]);
// Serial.print(" bb=");
// Serial.print(solution_count[BBB]);
// Serial.print(" cc=");
// Serial.print(solution_count[CCC]);
// Serial.print(" dd=");
// Serial.print(solution_count[DDD]);
// Serial.print(" ee=");
// Serial.print(solution_count[EEE]);
// Serial.print(" ff=");
// Serial.print(solution_count[FFF]);
// Serial.print(" z_target=");
// Serial.print(z_target);
// Serial.print(" z_mechine=");
// Serial.print(z_mechine);
// Serial.printIln(p_mechine);
if (Myaxis.x == 1 && Myaxis.y == 1)
{
const int max_step = 2;

if (z_mechine == z_target)

{
Myaxis.z = 1;
}
else if (z_target > z_mechine)
{
Myaxis.z = 0;

if (abs(z_target - z_mechine) > max_step)
{

z_mechine += max_step;
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else

{
z_mechine++;

}

}

else

Myaxis.z = 0;
if (abs(z_mechine - z_target) > max_step)
{

z_mechine -= max_step;

4
else
{
z_mechine--;
}
}
}
else
{
Myaxis.z = 0;
}
if (t_mechine == t_target)
{
Myaxis.t = 1;
}

else if (t_mechine < t_target)
{

Myaxis.t = 0;

if (abs(t_target - t mechine) > 10)
{
t_mechine = t_mechine + 10;
}
else
{
t_mechinet+;
}
}
else
{
if (abs(t_target - t mechine) > 10)
{
t_mechine = t_mechine - 10;
}
else
{
t_mechine--;
}
}
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int servo_t_target = constrain(servo_t_value +t_mechine, -120, 120);
int servo_z_target = constrain(servo_z_value + z_mechine, -120, 120);

write_3_servo(servo_t_target, servo_z_target);

}
if (10 - t2 >= 40)
{

12 =10;

if (run =1 && fin == 0)
{

switch ((uint8_t)process)

{

N s
switch ((uint8_t)sub_process)
{
case 0:

if (cal_tip==1)
{
if (drop_tip(tip_count))
{
tip_count++;
sub_processt+;
cal_tip=0;
}
}
else
{
/hf (go_to(1000, 2000, 0))
sub_process++;
¥
break;
case 1:
if (get_tip(tip_count))
sub_process++;
break;
case 2:// QA
if (get_solution_from_test_tube(run_count, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 3:
if (drop_solution_2_test_tube(run_count, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 4: // a0y
if (drop_tip(tip_count))
{
sub_process+t+;
tip_count++;
¥
break;
case 5:// fin

sub_process = 0;
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run_count++;
break;
}
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
process++;

}

break;
case L /1IN T
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
sub_process++;
break;
case 1:// QA
if (get_solution_from_AF_tube(AAA, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 2:
if (drop_solution_2_sp_tube(0, parameter.pipe_cal * 0.2f))
sub_process+t+;
break;
case 3:// QA
if (get_solution_from_AF_tube(AAA, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 4:
if (drop_solution_2 sp_tube(1, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 5:// 9
if (get_solution_from_AF_tube(AAA, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 6:
if (drop_solution_2 sp_tube(2, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 7:
if (drop_tip(tip_count))
{
sub_process+t+;
tip_count++;
¥
break;
case 8:// fin
sub_process = 0;

processt+;
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break;

}

break;
case 2: /I T T
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
sub_process++;
break;
case 1:// QA
if (get_solution_from_AF_tube(BBB, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 2:
if (drop_solution_2_sp_tube(0, parameter.pipe_cal * 0.4f))
{
start_time for wake = millis(); //éll%m’m1
sub_process++;
¥
break;
case 3:// 99
if (get_solution_from_AF_tube(BBB, parameter.pipe_cal * 0.41))
sub_process+t+;
break;
case 4:
if (drop_solution_2_sp_tube(1, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 5:// QA
if (get_solution_from_AF_tube(BBB, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 6:
if (drop_solution_2 sp_tube(2, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 7:// fin
sub_process = 0;
process++;
break;
¥
break;
case 3: /I T T T
switch ((uint8_t)sub_process)
{
case 0: // 9
if (get_solution_from AF_tube(BBB, parameter.pipe_cal * 0.4f))
sub_processt++;
break;

case 1:
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if (drop_solution_2_test_tube(run_count, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 2: // fin
sub_process = 0;
run_count++;
break;
}
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
process++;
}
break;
case 4: /11T T
switch (sub_process)
{
case 0:
if (drop_tip(tip_count))
{
sub_process++;
tip_count++;
}
break;
case 1:
if (waiting_min(15))
{
sub_process = 0;
process++;
}
break;
¥
break;
case 5t /T
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
sub_process++;
break;
case 1:// QA
if (get_solution_from_AF_tube(CCC, parameter.pipe_cal * 0.26f))
sub_process++;
break;
case 2:
if (drop_solution_2_sp_tube(0, parameter.pipe_cal * 0.26f))
{
start_time for wake = millis(); //lai‘lJi]WiJnm
sub_processt++;

1
s
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break;
case 3:// QA
if (get_solution_from_AF_tube(CCC, parameter.pipe_cal * 0.22f))
sub_process++;
break;
case 4:
if (drop_solution_2_sp_tube(1, parameter.pipe_cal * 0.22f))
sub_process++;
break;
case 5:// QA
if (get_solution_from_AF_tube(CCC, parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 6:
if (drop_solution_2_sp_tube(2, parameter.pipe_cal * 0.2f))
sub_process+t+;
break;
case 7:// fin
sub_process = 0;
processt++;
break;
¥
break;
case 6: /TN
switch ((uint8_t)sub_process)
{
case 0:// A
if (get_solution_from_AF_tube(CCC, (double)parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 1:
if (drop_solution_2_test_tube(run_count, (double)parameter.pipe_cal * 0.2f))
sub_process++;
break;
case 2: // fin
sub_process = 0;
run_count++;
break;
¥
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
process++;
¥
break;
case 7: /TN
switch (sub_process)
{

case 0:



if (drop_tip(tip_count))
{
sub_process+t+;
tip_count++;

}

break;
case 1:
if (waiting_min(parameter.wait_time))
{
sub_process = 0;
processt+;

}

break;
}
break;
case 8: /11T T T
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
sub_process+t+;
break;
case 1:// 9@
if (get_solution_from_AF_tube(DDD, parameter.pipe_cal * 0.8f))
{
sub_process++;
¥
break;
case 2:
if (drop_solution_2_sp_tube(0, parameter.pipe_cal * 0.8f))
{
sub_process++;
¥
break;
case 3:// QA
if (get_solution_from_AF_tube(DDD, parameter.pipe_cal * 0.8f))
{
sub_process+t+;
¥
break;
case 4:
if (drop_solution_2 sp_tube(1, parameter.pipe_cal * 0.8f))
sub_process+t+;
break;
case 5:// QR
if (get_solution_from_AF_tube(DDD, parameter.pipe_cal * 0.8f))
{
sub_process++;
¥
break;

case 6:
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if (drop_solution_2_sp_tube(2, parameter.pipe_cal * 0.8f))
sub_process++;
break;
case 7:// fin
run_count = 0;
sub_process = 0;
process++;
break;

}

break;
case 9: /1IN T T
switch ((uint8_t)sub_process)
{
case 0:// A
if (get_solution_from_AF_tube(DDD, parameter.pipe_cal * 0.8f))
{
sub_process+t+;
}
break;
case 1:
if (drop_solution_2_test_tube(run_count, parameter.pipe_cal * 0.8f))
sub_process++;
break;
case 2: // fin
sub_process = 0;
run_count++;
break;
}
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
process++;
¥
break;
case 10:
switch ((uint8_t)sub_process)
{
case 0:
if (drop_tip(tip_count))
{
sub_process = 0;
tip_count++;
process++;
¥
break;
¥
break;
case L1: /1IN T T
switch ((uint8_t)sub_process)

{
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case 0:
if (get_tip(tip_count))
{
sub_process+t+;

}

break;
case 1:// QA
if (get_solution_from_AF_tube(EEE, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 2:
if (drop_mix_solution_2_sp_tube(run_count,parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 3:
if (mix_get_drop_solution_from_sp_tube(run_count, parameter.pipe_cal * 0.81))
sub_process+t+;
break;
case 4: // doy
if (drop_tip(tip_count))
{
sub_process++;
tip_count++;
}
break;
case 5:// fin
run_count++;
sub_process = 0;
break;
¥
if (run_count >= 3)
{
run_count = 0;
sub_process = 0;
process++;
}
break;
case 12: /T ]
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
{
sub_process++;
¥
break;
case 1:// 99
if (get_solution_from_AF_tube(EEE, parameter.pipe_cal * 0.4f))
sub_processt++;
break;

case 2:
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if (drop_mix_solution_2_test_tube(run_count,parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 3:
if (mix_get_drop_solution_from_test_tube(run_count, parameter.pipe_cal * 0.8f))
sub_process++;
break;
case 4: // doy
if (drop_tip(tip_count))
{
sub_process+t+;
tip_count++;
¥
break;
case 5:// fin
run_count++;
sub_process = 0;
break;
¥
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
processt++;
}
break;
case 13:
switch ((uint8_t)sub_process)
{
case 0:
if (get_tip(tip_count))
{
sub_process = 0;
process++;
}
break;
¥
break;
case V4 /I T
switch ((uint8_t)sub_process)
{
case 0: // QR
if (get_solution_from_AF_tube(FFF, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 1:
if (drop_solution_2_sp_tube(0, parameter.pipe_cal * 0.4f))
{
sub_processt++;
¥
break;
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case 2:// QA
if (get_solution_from_AF_tube(FFF, parameter.pipe_cal * 0.4f))
sub_process+t+;
break;
case 3:
if (drop_solution_2_sp_tube(1, parameter.pipe_cal * 0.4f))
sub_process+t+;
break;
case 4:// QA
if (get_solution_from_AF_tube(FFF, parameter.pipe_cal * 0.4f))
sub_process+t+;
break;
case 5:
if (drop_solution_2 sp_tube(2, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 6: // fin
sub_process = 0;
process++;
break;
}
break;
[N S
switch ((uint8_t)sub_process)
{
case 0: // 9
if (get_solution_from_AF_tube(FFF, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 1:
if (drop_solution_2_test_tube(run_count, parameter.pipe_cal * 0.4f))
sub_process++;
break;
case 2: // fin
sub_process = 0;
run_count++;
break;
¥
if (run_count >= sampling)
{
run_count = 0;
sub_process = 0;
process++;
¥
break;
case 16: /11T
switch (sub_process)
{
case 0:
if (drop_tip(tip_count))
{



sub_process++;
tip_count++;

¥

break;

case 1:

if (go_to(1000, 2000, 1))
{
sub_process++;

}

break;
case 2:
go_to(1000, 2000, servo_max);
sub_process = 0;
process = 0;
run = 0;
fin=1;
break;
}
break;
}
}
else if (test_value == 1)
{
static uint16_t pipe_tmp;
switch (sub2_process)
{
case 0:

if (cal_tip ==0)

{
if (get_tip(tip_count))
{
sub2_processt+;
cal tip=1;
¥
}
else
{
sub2_process++;
¥
break;
case 1:

switch (cerser)

{

case 0:
pipe_tmp = (double)parameter.pipe_cal * 0.2f;
break;

case 1:
pipe_tmp = (double)parameter.pipe_cal * 0.22f;
break;

case 2:

pipe_tmp = (double)parameter.pipe_cal * 0.26f;
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break;
case 3:
pipe_tmp = (double)parameter.pipe_cal * 0.4f;
break;
case 4:
pipe_tmp = (double)parameter.pipe_cal * 0.8f;
break;
}
if (get_solution_from_test_tube(49, pipe_tmp))
sub2_processt+;
break;
case 2:
if (drop_solution_2_test_tube(49, pipe_tmp))
sub2_processt+;
break;
case 3:
if (go_to(1000, 2000, 1))
sub2_processt+;
break;
case 4:
sub2_process = 0;
test_value = 0;
break;
}
}
else if (test_level == 1)
{
switch (sub3_process)
{
case 0:

if (cal_tip==0)

{
if (get_tip(tip_count))
{
sub3_processt+;
cal tip=1;
¥
¥
else
{
sub3_process++;
¥
break;
case 1:

switch ((uint8_t)page)
{
case 2:

switch (cerser)

{

case 0:
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if (get_solution_from_AF_tube(AAA, 1))
sub3_process++;
break;
case 1:
if (get_solution_from_AF_tube(BBB, 1))
sub3_process++;
break;
case 2:
if (get_solution_from_AF_tube(CCC, 1))
sub3_process++;
break;
case 3:
if (get_solution_from_AF_tube(DDD, 1))
sub3_processt+;
break;
case 4:
if (get_solution_from_AF_tube(EEE, 1))
sub3_processt+;
break;
¥
break;
case 3:
switch (cerser)
{
case 0:
if (get_solution_from_AF_tube(FFF, 1))
sub3_process++;
break;
case 1:
if (get_solution_from_test_tube(0, 1))
sub3_process+t+;
break;
case 2:
if (drop_solution_2_test_tube(0, 1))
sub3_processt+;
break;
case 3:
test_tip Hold=1;
//if (get_tip(0))
/At
sub3_process++;
I}
break;
¥
break;
¥
break;
case 2:
if (go_to(1000, 2000, 1))
sub3_process++;

break;
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case 3:
sub3_process = 0;
test_level = 0;
if (test_tip_Hold == 1)
{
cal_tip=0;
test_tip_Hold = 0;

}

break;

}
}
void go_home(void)
{
int go_zero = 0;
while (go_zero == 0)
{
if (digitalRead(ORIG_Z_MIN_PIN) == 0)
digitalWrite(ORIG_Z_STEP_PIN, HIGH);
if (digitalRead(ORIG_Y MAX_PIN) == 0)
digitalWrite(ORIG_X_STEP_PIN, HIGH);
if (digitalRead(ORIG_X_MAX_PIN) = 0)
digitalWrite(ORIG_Y_STEP_PIN, HIGH);
delayMicroseconds(100);
digitalWrite(ORIG_Z_STEP_PIN, LOW);
digitalWrite(ORIG_X_STEP_PIN, LOW);
digitalWrite(ORIG_Y_STEP_PIN, LOW);
if ((digitalRead(ORIG_Z_MIN_PIN) == 1) && (digitalRead(ORIG_Z MIN_PIN) = 1) && (digitalRead(ORIG_X_MAX_PIN) == 1) &&
(digitalRead(ORIG_X_MAX_PIN) — 1) && (digitalRead(ORIG_Y MAX_PIN) =— 1) && (digitalRead(ORIG_Y. MAX_PIN) = 1))
go_zero = 1;
delayMicroseconds(100);
}
}
void hw_handle(void)
{
static uint8_t x1, x2, x3;
if (f_start == 0)
go_to(1000, 2000, 0);
if (run == 1 || f_start == 0 || test_level == 1 || test_value == 1)
{
X_acctt;
if (x_acc > x_acc_pre)
{
x_acc = 0;
if (x_mechine == x_target)
{
Myaxis.x = 1;
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X_acc_pre = acc_config_max;

}

else if (x_target > x_mechine)

{
X_mechine++;
Myaxis.x = 0;
digitalWrite(ORIG_Z_DIR_PIN, LOW);
digitalWrite(ORIG_Y_DIR_PIN, HIGH);
xl=1-x1I;
digitalWrite(ORIG_Z_STEP_PIN, x1);
digitalWrite(ORIG_Y_STEP_PIN, x1);

else
{
X_mechine--;
Myaxis.x = 0;
digitalWrite(ORIG_Z DIR_PIN, HIGH);
digitalWrite(ORIG_Y DIR_PIN, LOW);
xl=1-x1;
digitalWrite(ORIG_Z_STEP_PIN, x1);
digitalWrite(ORIG_Y_STEP_PIN, x1);
}
§
y_acctt;
if (y_acc >y_acc_pre)
{
y_acc=0;
if (y_mechine ==y _target)
{
Myaxis.y = 1;
f start=1;
y_acc_pre = acc_config_max;
¥
else if (y_target >y mechine)
{
y_mechine++;
Myaxis.y = 0;
digital Write(ORIG_X_DIR_PIN, LOW);
x2=1-x2;

digitalWrite(ORIG_X_STEP_PIN, x2);

else

y_mechine--;

Myaxis.y = 0;

digital Write(ORIG_X_DIR_PIN, HIGH);
x2=1-x2;

digitalWrite(ORIG_X_STEP_PIN, x2);
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p_acct;
if (p_acc > p_acc_pre)
{

p_acc=0;

if (p_mechine == p_target)

{
Myaxis.p = 1;
}
else if (p_target > p_mechine)
{

p_mechine++;

Myaxis.p = 0;
digitalWrite(ORIG_E_DIR_PIN, LOW);
x3=1-x3;

digitalWrite(ORIG_E_STEP_PIN, x3);

else
{
p_mechine--;
Myaxis.p = 0;
digitalWrite(ORIG E_DIR_PIN, HIGH);
x3=1-x3;
digitalWrite(ORIG_E_STEP_PIN, x3);
}
}
¥
uint8_t get_tip(int number)
{
uint8_t tmp = 0;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
if (go_to(tip[number][0], tip[number][1], parameter.lev_t3))
sub_process+t+;
break;
case 1:
if (go_to(tip[number][0], tip[number][1], 0))
sub_process++;
break;
case 2:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
uint8_t drop_tip(int number)
{
uint8_t tmp = 0;

static uint8_t sub_process;
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switch ((uint8_t)sub_process)
{
case 0:
if (go_to(tip_drop[0], tip_drop[1], 10))
sub_process++;
break;
case 1:
if (set_servo_tip(servo_t_reject))
sub_process++;
break;
case 2:
if (set_servo_tip(0))
sub_process+t+;
break;
case 3:
if (go_to(tip_drop[0], tip_drop[1], 0))
sub_process+t+;
break;
case 4:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
uint8_t get_solution_from_AF_tube(int solution_number, int volume)
{
uint8_t tmp = 0;
static uint§_t run_count;
static uint8_t sub_process;
int level _tmp = 0;
int32_tx_tmp = A_F[solution_number][0];
if (run == 1)
{
switch ((uint8_t)solution_number)
{
case AAA:
level tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[AAA] * 0.45f), 0, parameter.Kp); // start 133 max 177
break;
case BBB:
level tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[BBB] * 0.9f), 0, parameter.Kp); // start 133 max 177
break;
case CCC:
level tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[CCC] * 0.91), 0, parameter.Kp); //max 177
break;
case DDD:
level_tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[DDD] * 3.2f), 0, parameter.Ki); // start 65 max 225
break;
case EEE:

level_tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[EEE] * 0.9f), 0, parameter.Kp); // start 133 max 177
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break;
case FFF:
level tmp = constrain(A_F_lev[solution_number] + (int)((float)solution_count[FFF] * 0.9f), 0, parameter.Kp); / start 133 max 177
break;
}
}
else
{
level tmp=A_F_lev[solution_number];
x_tmp = 1000;
}
switch ((uint8_t)sub_process)
{
case 0:
set_servo_pep(volume + air_gab);
sub_process+t+;
break;
case 1:
if (go_to(x_tmp, A_F[solution_number][1], level tmp) && set_servo_pep(volume + air_gab))
sub_process+t+;
break;
case 2:
if (set_servo_pep(air_gab))
sub_process+t+;
break;
case 3:
if (go_to(x_tmp, A_F[solution_number][1], 10))
sub_process++;
break;
case 4:
if (set_servo_pep(0))
sub_process++;
break;
case 5:
if (go_to(x_tmp, A_F[solution_number][1], 0))
sub_process++;
break;
case 6:
tmp = 1;
sub_process = 0;
if (run==1)
solution_count[solution_number]++;
break;
}
return tmp;
}
uint8_t get_solution_from_test_tube(int solution_number, int volume)
{
uint8_t tmp = 0;

static uint8_t run_count;
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static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
set_servo_pep(volume + air_gab);
sub_process++;
break;
case 1:
if (go_to(test_tube M 1[solution_number][0], test_tube_M]I[solution_number][1], parameter.lev_t1) && set_servo_pep(volume + air_gab))
sub_process++;
break;
case 2:
if (set_servo_pep(air_gab))
sub_process+t+;
break;
case 3:
if (go_to(test_tube M1[solution_number][0], test_tube M 1[solution_number][1], 10))
sub_process+t+;
break;
case 4:
if (set_servo_pep(0))
sub_process++;
break;
case 5:
if (go_to(test_tube M1[solution_number][0], test tube M1[solution number][1], 0))
sub_process++;
break;
case 6:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
¥
Y s
uint8_t mix_get_drop_solution_from_test_tube(int solution_number, int volume)
{
uint8_ttmp =0;
static uint8_t run_count;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
set_servo_pep(volume + air_gab);
sub_process+t+;
break;
case 1:
if ( set_servo_pep(volume + air_gab))
sub_process++;
break;

case 2:
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if (go_to(test_tube_M2[solution_number][0], test_tube_M2[solution_number][1], parameter.Kd))
sub_process++;
break;
case 3:
if (set_servo_pep(air_gab))
sub_process++;
break;
case 4:
if (go_to(test_tube M2[solution_number][0], test_tube_M2[solution_number][1], parameter.Kd))
sub_process++;
break;
case 5:
if (set_servo_pep(volume + air_gab))
sub_process+t+;
break;
case 6:
if (go_to(test_tube M2[solution_number][0], test_tube M2[solution_number][1], 0))
sub_process+t+;
break;
case 7:
//if (set_servo_pep(0))
set_servo_pep(0);
sub_process++;
break;
case 8:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
uint8_t mix_get_drop_solution_from_sp_tube(int solution_number, int volume)
{
uint8_t tmp = 0;
static uint8_t run_count;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
set_servo_pep(volume + air_gab);
sub_process++;
break;
case 1:
if (set_servo_pep(volume + air_gab))
sub_process+t+;
break;
case 2:
if (go_to(test_tube_M2_s[solution_number][0], test_tube M2 _s[solution_number][1], parameter.Kd))
sub_process++;
break;

case 3:
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if (set_servo_pep(air_gab))
sub_process++;
break;
case 4:
if (go_to(test_tube M2_s[solution_number][0], test_tube M2_s[solution_number][1], parameter.Kd))
sub_process++;
break;
case 5:
if (set_servo_pep(volume + air_gab))
sub_process++;
break;
case 6:
if (go_to(test_tube M2_s[solution_number][0], test_tube M2_s[solution_number][1], 0))
sub_process+t+;
break;
case 7:
//if (set_servo_pep(0))
set_servo_pep(0);
sub_process++;
break;
case 8:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
¥
Y s
uint8_t drop_solution_2_test_tube(int solution_number, int volume)
{
uint8_ttmp =0;
static uint8_t run_count;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
if (go_to(test_tube M2[solution_number][0], test_tube_M2[solution_number][1], parameter.lev_t2))
sub_process++;
break;
case 1:
if (set_servo_pep(volume + air_gab * 3))
sub_process++;
break;
case 2:
if (go_to(test_tube M2[solution_number][0], test_tube M2[solution_number][1], 0))
sub_process+t+;
break;
case 3:
//if (set_servo_pep(0))
set_servo_pep(0);

sub_process++;
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break;
case 4:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
uint8_t drop_solution_2_sp_tube(int solution_number, int volume)
{
uint8_t tmp = 0;
static uint8_t run_count;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
if (go_to(test_tube M2_s[solution_number][0], test_tube M2_s[solution_number][1], parameter.lev_t2))
sub_process+t+;
break;
case 1:
if (set_servo_pep(volume + air_gab * 3))
sub_process++;
break;
case 2:
if (go_to(test_tube M2_s[solution_number][0], test tube M2_s[solution_number][1], 0))
sub_process++;
break;
case 3:
/1'if (set_servo_pep(0))
set_servo_pep(0);
sub_process+t+;
break;
case 4:
tmp = 1;

sub_process = 0;

break;
}
return tmp;
}
uint8_t drop_mix_solution_2_test_tube(int solution_number, int volume)
{
uint8_ttmp =0;

static uint8_t run_count;

static uint8_t sub_process;

switch ((uint8_t)sub_process)
{
case 0:
if (go_to(test_tube M2[solution_number][0], test tube M2[solution_number][1], parameter.lev_t2))
sub_process++;

break;
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case 1:
if (set_servo_pep(volume + air_gab))
sub_process++;
break;
case 2:
/1'if (set_servo_pep(0))
set_servo_pep(0);
sub_process++;
break;
case 3:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
uint8_t drop_mix_solution_2_sp_tube(int solution_number, int volume)
{
uint8_t tmp = 0;
static uint§_t run_count;
static uint8_t sub_process;
switch ((uint8_t)sub_process)
{
case 0:
if (go_to(test_tube M2_s[solution_number][0], test tube M2 _s[solution_number][1], parameter.lev_t2))
sub_process++;
break;
case 1:
if (set_servo_pep(volume + air_gab))
sub_process++;
break;
case 2:
/1'if (set_servo_pep(0))
set_servo_pep(0);
sub_process+t+;
break;
case 3:
tmp = 1;
sub_process = 0;
break;
}
return tmp;
}
s
uint8_t go_to(int32_tx, int32 tvy, int32 tz)
{
uint8_t tmp = 0;
x_target =x * 2;
y_target=y *2;

z_target = z;
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if (z_mechine != z_target)
{
Myaxis.z = 0;
}
if (Myaxis.x == | && Myaxis.y == 1)
if (Myaxis.z == 1)
tmp = 1;
return tmp;
}
uint8_t set_servo_tip(int32_t val)
{
uint8_t tmp = 0;
t_target = val;
if (t_mechine !=t_target)
{
Myaxis.t = 0;
}
if (Myaxis.t==1)
tmp = 1;
return tmp;
}
uint8_t set_servo_pep(int32_t val)
{
uint®_t tmp = 0;

p_target = -val * pep_step;

if (p_mechine !=p_target)
{
Myaxis.p = 0;
¥
if (Myaxis.p==1)
tmp = 1;
return tmp;
¥
void update AF_lev(void)
{
A_F_lev[0] = parameter.lev_a;
A_F lev[1] = parameter.lev_b;
A_F_lev[2] = parameter.lev_e;
A_F_lev[3] = parameter.lev_f;
A_F_lev[4] = parameter.lev_c;

A_F_lev[5] = parameter.lev_d;

}
uint8_t waiting_min(uint32_t m)
{

uint8_ttmp =0;

show_wait_time = (m * 60000) + start_time_for_wake - millis();
if (millis() - start_time_for_wake >= (m * 60000))
{

tmp = 1;

}
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return tmp;
}
float get_trl(void)
{
uint32_t sum = 0;
for (int adc_index = 0; adc_index < 40; adc_index++)
{
sum += adc_t1[adc_index];
}
return Thermistor((float)sum / 40);
}
float Thermistor(float average)
{
//average = 1023 / average - 1; // pulldown
average = average / (1023 - average);
average = SERIESRESISTOR * average;

float steinhart;

steinhart = average / THERMISTORNOMINAL; // (R/Ro)
steinhart = log(steinhart); // In(R/Ro)
steinhart /= BCOEFFICIENT; // 1/B * In(R/Ro)

steinhart += 1.0 / (TEMPERATURENOMINAL + 273.15); // + (1/To)
steinhart = 1.0 / steinhart; // Invert
steinhart -= 273.15; // convert to C
steinhart = (int)(steinhart * 10);
steinhart /= 10;
return steinhart;
¥
void write 3_servo(intl6_t vall, int16_t val2)
{
val2 = constrain(val2, servo_min / 5, servo_max / 5);
val2 =val2 * 5;
intl6_t servo_writel =vall * 5;
intl6_t servo_write2 = val2 - 100 + map(constrain(val2, 0, servo_max), 0, servo_max, 0, 5) + map(constrain(val2, servo_min, 0), servo_min, 0, 18, 0);
intl6_t servo_write3 = -val2;
uint8_t tmp[6] = {0};
tmp[0] = (uint8_t)((uint16_t)servo_writel >> 8);
tmp[1] = (uint8_t)servo_writel;
tmp[2] = (uint8_t)((uint16_t)servo_write2 >> 8);
tmp[3] = (uint8_t)servo_write2;
tmp[4] = (uint8_t)((uint16_t)servo_write3 >> 8);
tmp[5] = (uint8_t)servo_write3;
Serial.write(tmp[0]);
Serial.write(tmp[1]);
Serial.write(tmp[2]);
Serial.write(tmp[3]);
Serial. write(tmp[4]);
Serial.write(tmp[5]);
Serial.write(0x79);
Serial.write(0x80);
Serial.write(0x81);

}



