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1.1 Arduino 

Arduino 
Wiring project Wiring project 

, 
. 

, Wiring 
projects. 

 Arduino 
 

 Arduino (Uno
2 . 

 Arduino 
Windows, Macintosh, Linux). 

 
 . 

 Arduino 
, , , 

 
C

).  

 

 

1.2 Arduino  
Arduino Mega 2560 ATMega2560 

Atmel. Arduino 

PWM,  (Microelectronicos, 2016). 
Arduino, Mega 

 
 

 

 

 

 

 

 

 



 

 1: Arduino Sainsmart Mega (Sainsmart, 2016a). 

 

 

1.2.1  ATmega2560 
ATmega  Complementary Metal-Oxide-

Semicondactor (CMOS) 8-bit Reduced 
Instruction Set Computer (RISC) AVR

, 
Million Instructions Per Second (MIPS) MHz. 

Atmel AVR 

ALU  
  

, 
Complex Instructions Set Computer (CISC) Atmel, 2014). 

 



 

2: Pinmap 2560 (Arduino, 2017a). 

 

 

1.2.2 Arduino 
Arduino Mega Uno 

   
: 

 

1: Arduino Mega (Arduino, 2017b). 

 ATmega2560 

 5V 

 
( ) 7-12V 



 
) 6-20V 

 I/O Pins 54 ( PWM 
) 

Pins  16 

DC  I/O Pin 20 mA 

DC  3.3V Pin 50 mA 

Flash 256 KB of which 8 KB used by bootloader 

SRAM 8 KB 

EEPROM 4 KB 

 16 MHz 

LED_BUILTIN 13 

 

 

2: Arduino Uno (Arduino, 2017c). 

 ATmega328P 

 5V 

) 7-12V 

) 6-20V 

 PWM  

PWM Digital I/O Pins 6 

Pins  6 

DC  I/O Pin 20 mA 

DC  3.3V Pin 50 mA 

Flash 
32 KB (ATmega328P) 
of which 0.5 KB used by 
bootloader 

SRAM 2 KB (ATmega328P) 

EEPROM 1 KB (ATmega328P) 

 16 MHz 

LED_BUILTIN 13 

 



1.2.3  
Arduino Mega USB 

USB    
.   AC DC 

 

 20 Volt. 
Volt

 Volt 
Volt 
 

 

Vin    
, Volt 

DC  12 Volt
 mA. 

GND  . 

IOREF
Shields Arduino IOREF  

 Voltage Translators 
Volt (Arduino, 2017b). 

 

 

1.3  
1.3.1 Arduino IDE 

Arduino IDE (Integrated Development Environment
Arduino. 

Arduino IDE Java cross-platform 
 

  
load and compile ,   load 

  

Arduino IDE,  
 Wiring  (

USB), compile 
  , 

Monk, 2012). 

 

 

1.3.2  
Wiring  Processing 

IDE, 

Processing C C Wiring. 



Project, hardware 
open source. 

Wiring Arduino  
  : 

-setup(): , 
, 

-loop():  
3). 

 

 

3  

 

  LED Arduino IDE 
 (Arduino, 2017d): 

 

#define LED_PIN 13 
  
void setup () { 
 pinMode (LED_PIN, OUTPUT); // Ορισμός pin 13 ως έξοδος LED 
} 
  
void loop () { 
 digitalWrite (LED_PIN, HIGH); // High στο LED ( Ανάβει) 
 delay (1000); // καθυστέρηση 1 δευτερολέπτου (1000 ms) 
 digitalWrite (LED_PIN, LOW); // Low στο LED (Σβήνει) 



 delay (1000); // Καθυστέρηση 1 δευτερολέπτου 
} 

 

 

 
4: Blink Led  

  

 



 
  



 

2   
2.1  

, 
Oxford University Press, 2017). 

 
 

  
 -

   2013). 

 

 

2.1.1  

R.U.R (Rossum s 
Universal Robots  robota 

 (Encyclopædia 
Britannica, 2017). 

   
   20  , 

 . 

 
, . (Nocks, 2008). 

 

 

2.1.2  

 , 
  

 
 

  
- , . ), 

 , 

 
 



 ). 
 
 
 
 
2.2  
2.2.1  

. 
 

, 
 

x,y,z)
, ,  

x,y,z).  

 

 

        5  Wikimedia, 2017). 

 

 
: 

1. -  

2. -  

3. -  

4.  yawing) 

5. -  (pitching) 

6.    (  rolling) (Summary of ship 
movement, 2016). 



 

6: Wikimedia, 2015). 

 

, 

  
  (Pennestri et al. 2005). 

 

 

2.2.2  

« », « » 
« »

 , 
 roll).  «  

 
 «   

 

Craig, 2006) 

  

 

2.2.3   
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3  
3.1  

, 
 

  (E .  

 

 

 

13: Sainsmart, 2017b). 

 

, 
 

 
    

(Sainsmart, 2017). 
 

 



 

14:  (Sainsmart, 2017c). 

 

 

3.2  

5-

 

 

 

1: , 2016). 

 



 
  

  
gripper) . 

 

 

2:  , 2016). 

 

-
 (Serway, 1990). 

 

 

3.3  
 DS3218mg Digital 

Servo (  15 )  3 . 

 

3: DS3218mg (Aliexpress, 2017a) 

 Dsservo 

 DS3218mg High Torque Digital servo 

volt): 19kg/cm 

 
0.16sec/ 60 



 
4.8 ~ 6.8 DC Volts 

 
 

 

 

15: DS3218mg (Aliexpress, 2017a). 

 

 

 

16: DS3218mg (Aliexpress, 2017a). 

 

 MG996R Tower-pro 
(   

 

 

 



4 Tower pro MG996R (Torq Pro & Tower Pro 2014). 

 Tower pro 

 MG996R 

volts): 9.4kg/cm 

 
 

0.17 s/60 

 4.8V-7.2V 

  

 

 

17: MG 996R (Torq Pro & Tower Pro 2014). 
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4.1  
4.1.1  

 

  ,  
    

 

 
18: , 2017). 

 

 
19: , 2017). 



 
  

 

 
20: , 2017). 

 

21:  2017). 



   , 
 

 
 

  
 

 

 

22:  2017). 

 

 

23: yaw  2017). 

 

 , , 
turn 

yaw. 

 



 gripper  

 

 

24: Turn  

 

 

25: Turn  

 



 

26: Gripper  

 

 

27: Gripper  

 

gripper, , 
gripper  . 

 



 

28:  , 2017). 

 



4.1.2  (shields  
 

Arduino Mega 2650, 

InstaBots Robot Controller 
Shield for Arduino MEGA2560 R3 Robot Arm Control Sainsmart (  . 

 

  

 29: Sainsmart InstaBots Robot Controller Shield for Arduino MEGA2560 R3 Robot 
Arm Control (Sainsmart, 2017d). 

 

 5:  InstaBots Robot Controller Shield for Arduino MEGA2560 R3 
Robot Arm.(Sainsmart,2017d). 

 12Volt S lipo) 

 5Volt-5Ampere, 8Volt-4Ampere ( ) 

PWM 6 PWM  

 Module  ModuleNRF24L01, ModuleMPU5060, I2C  

 

 

shield
, 

Arduino mega Vin 
shield  12Volt 

Arduino   



           29 shield  
Arduino mega 
modules ModuleNRF24L01   

.  modules 

. 

Sainsmart, 2017d). 

 

 

 30: Sainsmart InstaBots Robot Controller Shield   (Sainsmart,2017d). 

 

 

4.2   
   Arduino 

Uno shield instabots remote Sainsmart  
 Arduino U thumbsticks LCD ,  

NRF24L01+ Wireless Transceiver Module 2.4GHz ) 
. (Sainsmart, 2017e) 



 

 31: NRF24L01+ Wireless Transceiver Module 2.4GHz ISM band (Sainsmart, 
2017e). 

 

 

4.2.1 Arduino 
 

thumbsticks,  Arduino Sainsmart
Arduino Mega,  ,  

Arduino . 

 



 

32:  

 

thumb stick analog stick
, 

 
 button, 

« » 
button   

shield, 
thumb stick   
(Wikipedia, 2017). 

 
33 Sainsmart,2017f). 



  

34 Shield thumbsticks (Sainsmart, 2017f).  

 

 

 

 



 

35 LCD (Sainsmart, 2017f).  

 

 

 

 
3:  I2C (Stack Exchange Inc., 2017). 

 

Arduino shield,  
  ,   V 

Arduino, 
 

 



 

36 V (Aliexpress, 2017b). 

 

module  NRF24L01+ Wireless Transceiver 
Module 2.4GHz,  shield 

NRF24L01+ 
 ,  

37) (Sainsmart, 2017f). 

 

37 Sainsmart, 2017f).  

 



4.3  
4.3.1 Arduino  

Arduino 
,  Arduino IDE 

  : https://www.Arduino.cc/en/main/software.  

exe , 
Arduino 

(drivers
  (Arduino, 2017e). 

 

 

38 Arduino IDE (Arduino, 2017e).  

 

USB A-B, 
Arduino.  

upload Arduino, 
Tools boards

port 
 



 

39 board Arduino IDE  2017).  

 

 

4.3.2  

LCD 
 

include 
libraries Arduino IDE (Arduino, 2017f). 

 
 : 

 servo.h
Arduino  

 
 

thumb stick) -
 

(Arduino, 2017g). 
 LiquidCrystal_I2C

LiquidCrystal, LCD 
I2C masters-slaves) (Codebender Inc. 

2017). 
 SPI.h

,  



 
 
 (Arduino, 2017h). 

 NRF24L01.h
NRF24L01+ Wireless transceiver module

- Module 
 (Github Inc, 2017a).  

 Mirf.h MirflHardwareSpiDriver.h
NRF24L01.h

Wireless transceiver module  
   power states module. 

SPI.h NRF24L01.h 
(Github Inc, 2017b). 

 

 

4.3.3  calibration 

Arduino servo.h
  power, group signal  

Volt ground , PWM
40).  

 
min max 

  

 

 

40 Arduino (Arduino, 2017i).  

 

#include <Servo.h> // Εντολή εισαγωγής βιβλιοθήκης servo.h 
 
Servo myservo;  // Δημιουργία αντικειμένου σέρβοκινητήρα 
 
int pos = 0;    // Μεταβλητή θέσης σερβοκινητήρα, αρχικοποίηση στο σημείο 0 
 



void setup() { 
  myservo.attach(9);  // Ορισμός του pin 9 ως είσοδος σερβοκινητήρα 
} 
 
void loop() { 
  for (pos = 0; pos <= 180; pos += 1) { // Κίνηση σερβοκινητήρα από 0-180 μοίρες 
    // με βήμα 1 
    myservo.write(pos);              // Μετακίνηση του σερβοκινητήρα στην τιμή της 
   //μεταβλητής pos     
    delay(15);                       // Καθυστέρηση 15ms για να φτάσει στην θέση ο σερβοκινητήρας 
  } 
  for (pos = 180; pos >= 0; pos -= 1) { // Κίνηση σερβοκινητήρα από 180-0μοίρες 
    myservo.write(pos);              // Μετακίνηση του σερβοκινητήρα στην τιμή της 
    //μεταβλητής pos 
    delay(15);                       // Καθυστέρηση 15ms για να φτάσει στη θέση ο σερβοκινητήρας 
  } 
} 
 

  
180 pos = 180)  

 

compile,  upload  
 Arduino uno. 

 , 
   

 

 

 

4.3.4 Arduino Mega Arduino Uno 
NRF24L01+ 

 
Module NRF24L01+.  

 Arduino Uno Server
(Arduino Mega receiver. 

, serial monitor Arduino IDE, 

module  shield,  
  42)

Modules. 



 

 

41 , 2017). 

 

 

 

42: NRF24L Shield Arduino Mega , 2017). 

 

 

 

 



 Server_test 

#include <SPI.h> //   
#include <Mirf.h> 
#include <nRF24L01.h> 
#include <MirfHardwareSpiDriver.h> 
void setup(){ 
   Serial.begin(9600); //     
    Mirf.spi = &MirfHardwareSpi; //   
    Mirf.init();  
    Mirf.setTADDR((byte *)"serv1"); //   Transmit 
    Mirf.payload = 32;  
    Mirf.config(); 
    Serial.println("Beginning ... ");  
  } 
  void loop(){  
    Mirf.send((byte *) "Hello"); hello  
    delay(1000);  
} 
 

 

 

 Reciever_test 

#include <SPI.h> //   
#include <nRF24L01.h> 
#include <MirfHardwareSpiDriver.h> 
#include <Mirf.h> 
  
void setup(){ 
   Serial.begin(9600);  
    Mirf.spi = &MirfHardwareSpi; 
    Mirf.csnPin = 48; pin CSN Arduino 
    Mirf.cePin = 53; pin C  Arduino 
    Mirf.init();  
    Mirf.setRADDR((byte *)"serv1"); //   Receive 
    Mirf.payload = 32; 
    Mirf.config(); 
    Serial.println("Beginning ... ");  
  } 
  
void loop(){  
     int data[32];  
     if(!Mirf.isSending() && Mirf.dataReady()){ //    
          Serial.println("Got packet");  
          Mirf.getData((byte *) &data); 
          Serial.write(byte(data[0])); //h 
          Serial.write(byte(data[1])); //e 
          Serial.write(byte(data[2])); //l 
          Serial.write(byte(data[3])); //l 
          Serial.write(byte(data[4])); //o 
          Serial.println(""); 
     } 
} 
 

 , Server_test 
Receiver_test  



,  Server 
Receiver o Receiver  

Got packet  

compile  serial monitor Arduino Mega 
USB,  

Hello  

 

 

43: Serial Monitor Receiver  ( , 2017). 

 

 

4.3.5  
 

Arduino 
, 

   
  

T
Arduino Uno

Arduino Mega

shield 
  

 



 

44: , 2017) 

 

6:  

 shield 

  

-   

-   

-   

  

Clamp   
 
 
 



 

45: Shield , 2017). 

 

 

 
 

: 

    

, 
  button 

 
  

. 

 

Server) : 

#include "SPI.h"  
#include "Mirf.h" 
#include "nRF24L01.h" 
#include "MirfHardwareSpiDriver.h" 
#include <Wire.h> 
#include <LiquidCrystal_I2C.h> 
 
 
 
LiquidCrystal_I2C lcd(0x27, 16, 2); 
#define ADC_SAMPLES 1 
 



int Button_Counter; //  button  delay  
int Button_Delay; 
struct Axis {   
  uint16_t axis_1; 
  uint16_t axis_2; 
  uint16_t axis_3; 
  uint16_t axis_4; 
  uint16_t axis_5; 
  uint16_t axis_6; 
  uint16_t axis_7; 
  uint16_t axis_8; 
}; 
Axis axis_x; 
 
struct Gesture {  
  uint16_t pwn_1; 
  uint16_t pwn_2; 
  uint16_t pwn_3; 
  uint16_t pwn_4; 
  uint16_t pwn_5; 
  uint16_t pwn_6; 
}; 
Gesture datain; 
 
 
 
void setup() { 
  Serial.begin(115200); 
  Wire.begin(); 
 
 
  Mirf.spi = &MirfHardwareSpi; //   
  Mirf.init(); 
  Mirf.setRADDR((byte *)"contr"); //   Receive  
  Mirf.setTADDR((byte *)"armed"); // Transmit 
  Mirf.payload = 16; //  byte   
  Mirf.config(); 
 
  lcd.init(); //  LCD  
  lcd.init(); 
  lcd.backlight(); 
  lcd.setCursor(0, 0); 
  lcd.print("   ROBOT_ARM   "); 
  lcd.setCursor(0, 1); 
  lcd.print("KOURTINOS_PANOS"); 
} 
 
void loop() { 
  uint16_t i; 
  uint32_t sum[4]; 
  digitalWrite(2, HIGH); //  button 
 
  while (digitalRead(2) == LOW) { 
    Button_Delay++; 
    delay(1); 
  } 
  if (Button_Delay > 10) { 
    Button_Counter ++; 
  } 
  Button_Delay = 0; 



  sum[0] = 0; 
  sum[1] = 0; 
  sum[2] = 0; 
  sum[3] = 0; 
  for (i = 0; i < ADC_SAMPLES; i++) { //    
    sum[0] += analogRead(A0); 
    sum[1] += analogRead(A1); 
    sum[2] += analogRead(A2); 
    sum[3] += analogRead(A3); 
  } 
  if (Button_Counter % 2 != 0) { //   button_counter        
    axis_x.axis_1 = sum[0] / ADC_SAMPLES  
    axis_x.axis_2 = sum[1] / ADC_SAMPLES; //    ;. 
    axis_x.axis_4 = sum[2] / ADC_SAMPLES; 
    axis_x.axis_5 = sum[3] / ADC_SAMPLES; 
    axis_x.axis_3 = axis_x.axis_3; 
    axis_x.axis_6 = axis_x.axis_6; 
  } 
  else { 
    axis_x.axis_1 = sum[0] / ADC_SAMPLES; 
    axis_x.axis_2 = sum[1] / ADC_SAMPLES; 
    axis_x.axis_3 = sum[2] / ADC_SAMPLES; 
    axis_x.axis_6 = sum[3] / ADC_SAMPLES; 
    axis_x.axis_5 = axis_x.axis_5; 
    axis_x.axis_4 = axis_x.axis_4; 
  } 
  while (digitalRead(2) == 0) 
  { 
    delay(1); 
  } 
  Serial.println(Button_Counter); //                  
  Mirf.send((byte *)&axis_x);  
  while (Mirf.isSending()) { 
  } 
 
  if (!Mirf.isSending() && Mirf.dataReady()) { 
 
    Mirf.getData((byte *) &datain); 
    lcd.setCursor(0, 0); 
 
    if (Button_Counter % 2 != 0) {  
      //lcd.clear(); //  
      lcd.print("s1: ");  
      printServoMeas(datain.pwn_1); 
      lcd.print(" s2: "); 
      printServoMeas(datain.pwn_2); 
      lcd.setCursor(0, 1); 
      lcd.print("s3: "); 
      printServoMeas(datain.pwn_4); 
      lcd.print(" s4: "); 
      printServoMeas(datain.pwn_5); 
    } 
    Else  
    { 
      //lcd.clear(); 
      lcd.print("sA: "); 
      printServoMeas(datain.pwn_6); 
      lcd.print(" sB: "); 
      printServoMeas(datain.pwn_3); 
      lcd.setCursor(0, 1); 



      lcd.print("                "); 
    } 
  } 
} 
 

  
 

inline void printServoMeas(uint16_t meas) 
{ 
 
  if (meas < 100 && meas >= 10)  
  {  
    lcd.print(" "); 
    lcd.print(meas); 
    lcd.print(" "); 
  } 
  else if (meas < 10) 
  { 
    lcd.print("  "); 
    lcd.print(meas); 
    lcd.print(" "); 
  } 
  else 
  { 
    lcd.print(meas); 
    lcd.print(" "); 
  } 
 
} 
 
 
 

 

46:  , 2017). 

 



 

47:  , 2017). 

 

 

 

48:  , 2017). 
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7). , 
 

   ,  
sA sB  

gripper , 
). 

  

  
 

  
  

 
  

  
 

 

 

client): 

#include <SPI.h>  
#include <Mirf.h> 
#include <nRF24L01.h> 
#include <MirfHardwareSpiDriver.h> 
#include <Servo.h> 
 
 
 
#define SERVO_WAIST      8   // 11  shield 
#define SERVO_ELBOW      9   // 12  shield 
#define SERVO_CLAMP      10  // 13  shield 
#define SERVO_ROTATE     11  // 8  shield 
#define SERVO_WRIST      12  // 9  shield 
#define SERVO_WRIST_ROTATE   13 // 10  shield 
 
 

 
Servo servo1;  
Servo servo2; 
Servo servo3; 
Servo servo4; 
Servo servo5; 
Servo servo6; 
 
float k_1; 
float k_2; 
float k_3; 
float k_4; 



float k_5; 
float k_6; 
float k_1_Temp, k_2_Temp, k_3_Temp, k_4_Temp, k_5_Temp, k_6_Temp; 
 
float speed_1;  
float speed_2; 
float speed_3; 
float speed_4; 
float speed_5; 
float speed_6; 
 

 
struct Axis   
{ 
  uint16_t axis_1; 
  uint16_t axis_2; 
  uint16_t axis_3; 
  uint16_t axis_4; 
  uint16_t axis_5; 
  uint16_t axis_6; 
  uint16_t axis_7; 
  uint16_t axis_8; 
}; 
Axis axis_x; 
 

 
//   
struct Gest   
{ 
  uint16_t pwm1; 
  uint16_t pwm2; 
  uint16_t pwm3; 
  uint16_t pwm4; 
  uint16_t pwm5; 
  uint16_t pwm6; 
}; 
 
Gest dataout; 
 

 
inline void myservosetup() 
{ 
  int sea, seb, sec, sed, see, sef, myspeed, pos; 
 
  
  sea = servo1.read(); 
  seb = servo2.read(); 
  sec = servo3.read(); 
  sed = servo4.read(); 
  see = servo5.read(); 
  sef = servo6.read(); 
 
  myspeed = 500;  
 

 
  for (pos = 0; pos <= myspeed; pos += 1) 
  { 
    servo1.write(int(map(pos, 1, myspeed, sea, 66)));  
    servo2.write(int(map(pos, 1, myspeed, seb, 90))); 
    servo3.write(int(map(pos, 1, myspeed, sec, 50))); 



    servo4.write(int(map(pos, 1, myspeed, sed, 90))); 
    servo5.write(int(map(pos, 1, myspeed, see, 120))); 
    servo6.write(int(map(pos, 1, myspeed, sef, 90))); 
    delay(1); 
  } 
} 
 
void setup() { 
  Serial.begin(115200); 
 

instances servo  
  servo1.attach(SERVO_WAIST);  
  servo2.attach(SERVO_ELBOW); 
  servo3.attach(SERVO_CLAMP); 
  servo4.attach(SERVO_ROTATE); 
  servo5.attach(SERVO_WRIST); 
  servo6.attach(SERVO_WRIST_ROTATE); 
 
 
  delay(1000); 
 
  myservosetup(); 
 
  delay(2000); 
 

setup transceiver  
  Mirf.cePin = 53;  
  Mirf.csnPin = 48; 
  Mirf.spi = &MirfHardwareSpi; 
  Mirf.init(); 
 
 

transceiver armed 
 

 servo 
  Mirf.setRADDR((byte *)"armed"); 
 
//  
  Mirf.payload = 16; 
  Mirf.config(); 
  delay(1000); 
} 
 
#define SPEED_DIVIDER   6000.00 
void loop() { 
 transceiver  
//     
//   axis_x 
  if (!Mirf.isSending() && Mirf.dataReady()) { 
    Mirf.getData((byte *) &axis_x); 
 
// contr (    servos 
    Mirf.setTADDR((byte *)"contr"); 
    Mirf.send((byte *)&dataout); 
 

 
    while (Mirf.isSending()); 
  } 
 
 



servo  
  if (axis_x.axis_1 > 530) 
  { 
    k_1_Temp = map(axis_x.axis_1, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 
  else if (axis_x.axis_1 < 470) 
  { 
    k_1_Temp = map(axis_x.axis_1, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_1_Temp = 0; 
  } 
 
  if (axis_x.axis_2 > 530) 
  { 
    k_2_Temp = -map(axis_x.axis_2, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 
  else if (axis_x.axis_2 < 470) 
  { 
    k_2_Temp = -map(axis_x.axis_2, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_2_Temp = 0; 
  } 
 
  if (axis_x.axis_3 > 530) 
  { 
    k_3_Temp = -map(axis_x.axis_3, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 
  else if (axis_x.axis_3 < 470) 
  { 
    k_3_Temp = -map(axis_x.axis_3, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_3_Temp = 0; 
  } 
 
  if (axis_x.axis_4 > 530) { 
    k_4_Temp = -map(axis_x.axis_4, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 
  else if (axis_x.axis_4 < 470) { 
    k_4_Temp = -map(axis_x.axis_4, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_4_Temp = 0; 
  } 
 
  if (axis_x.axis_5 > 530) { 
    k_5_Temp = -map(axis_x.axis_5, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 
  else if (axis_x.axis_5 < 470) { 
    k_5_Temp = -map(axis_x.axis_5, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_5_Temp = 0; 
  } 
 
  if (axis_x.axis_6 > 530) { 
    k_6_Temp = -map(axis_x.axis_6, 531, 1023, 0, 500) / SPEED_DIVIDER; 
  } 



  else if (axis_x.axis_6 < 470) { 
    k_6_Temp = -map(axis_x.axis_6, 0, 469, -500, 0) / SPEED_DIVIDER; 
  } 
  else { 
    k_6_Temp = 0; 
  } 
 

servo  
  

  k_1 += 0.02 * (k_1_Temp - k_1); 
  k_2 += 0.02 * (k_2_Temp - k_2); 
  k_3 += 0.02 * (k_3_Temp - k_3); 
  k_4 += 0.02 * (k_4_Temp - k_4); 
  k_5 += 0.02 * (k_5_Temp - k_5); 
  k_6 += 0.02 * (k_6_Temp - k_6); 
 

 
  speed_1 = min(90, max(-90, speed_1 += k_1)); 
  speed_2 = min(90, max(-90, speed_2 += k_2)); 
  speed_3 = min(90, max(-90, speed_3 += k_3)); 
  speed_4 = min(90, max(-90, speed_4 += k_4)); 
  speed_5 = min(90, max(-90, speed_5 += k_5)); 
  speed_6 = min(90, max(-90, speed_6 += k_6)); 
 
  delay(2); 
   

   
servo  

  dataout.pwm1 = speed_1 + 90; 
  dataout.pwm2 = speed_2 + 90; 
  dataout.pwm3 = map(speed_3 + 90, 0, 180, 18, 51); 
  dataout.pwm4 = speed_4 + 90; 
  dataout.pwm5 = speed_5 + 90; 
  dataout.pwm6 = speed_6 + 90; 
 
//  servo motors 
  servo1.write(dataout.pwm1); 
  servo2.write(dataout.pwm2); 
  servo3.write(dataout.pwm3); 
  servo4.write(dataout.pwm4); 
  servo5.write(dataout.pwm5); 
  servo6.write(dataout.pwm6); 
 
} 
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