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Lampiran -1 Dokumentasi Perancangan Alat 
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Lampiran -2 Dokumentasi Pengujian Alat 
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Lampiran -3 Kartu Monitoring Bimbingan 
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Lampiran -4 Sketch Program 

import cv2 

import numpy as np 

import time 

import Adafruit_PCA9685 

# Inisialisasi PCA9685 

pwm = Adafruit_PCA9685.PCA9685() 

pwm.set_pwm_freq(60)  # Set frequency for servos or motors 

# Fungsi untuk mengatur kecepatan motor berdasarkan persentase 

def set_motor_speed(channel, speed_percent): 

    # PWM duty cycle (0 - 4095) 

    max_pwm_value = 4095 

    pwm_value = int((speed_percent / 100.0) * max_pwm_value) 

    pwm.set_pwm(channel, 0, pwm_value) 

# Fungsi untuk menghentikan semua motor 

def stop_all(): 

    for channel in range(8): 

        pwm.set_pwm(channel, 0, 0) 

# Fungsi untuk mendeteksi bola 

def detect_ball(frame): 

    hsv = cv2.cvtColor(frame, cv2.COLOR_BGR2HSV) 

    lower_orange = np.array([5, 100, 20]) 

    upper_orange = np.array([25, 255, 255]) 

    mask = cv2.inRange(hsv, lower_orange, upper_orange) 

    mask = cv2.erode(mask, None, iterations=2) 

    mask = cv2.dilate(mask, None, iterations=2) 
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    contours, _ = cv2.findContours(mask, cv2.RETR_EXTERNAL, 

cv2.CHAIN_APPROX_SIMPLE) 

    if contours: 

        largest_contour = max(contours, key=cv2.contourArea) 

        ((x, y), radius) = cv2.minEnclosingCircle(largest_contour) 

        M = cv2.moments(largest_contour) 

        center = (int(M["m10"] / M["m00"]), int(M["m01"] / 

M["m00"])) 

        if radius > 10: 

            cv2.circle(frame, (int(x), int(y)), int(radius),(0, 

255, 255), 2) 

            cv2.circle(frame, center, 5, (0, 0, 255), -1) 

            return (int(x), int(y), int(radius), str(center)) 

    return None 

# Setup dan inisialisasi kamera 

cap = cv2.VideoCapture(0) 

kp = 0.01 

#ki = 0.01 

kd = 0.5 

# PID state variables 

last_error = 0 

integral = 0 

def pid_control(x): 

    last_error = 0 

    integral = 0 

    if x < 20 and x > 0:   err = 11 

    elif x < 40 and x > 20:   err = 9 

    elif x < 60 and x > 40:   err = 7 

    elif x < 80 and x > 60:   err = 5 
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    elif x < 100 and x > 80:   err = 3 

    elif x < 120 and x > 100:   err = 2 

    elif x < 130 and x > 120:   err = 1 

    elif x > 130 and x < 510 :  err = 0 

    # elif x > 320 :  err =  8  #center 

    elif x > 510 and x < 550 :  err = -1 

    elif x > 550 and x < 570:  err = -2 

    elif x > 570 and x < 590:  err = -3 

    elif x > 590 and x < 610:  err = -5 

    elif x > 610 and x < 620:  err = -7 

    elif x > 620 and x < 630:  err = -9 

    #elif x > 630 and x < 640:  err = -13 

    else: err =-11 

    # Update integral 

    #integral += err 

    # Calculate derivative 

    derivative = err - last_error 

    # Calculate PID output 

    #mv = kp * err + ki * integral + kd * derivative 

    mv = kp * err + kd * derivative 

    # Update last_error 

    last_error = err 

    return mv 

def follow_ball(mv): 

    # Base PWM value 

    pwm_base = 20 

    # Calculate PWM for each motor 

    pwm_right_value = pwm_base + mv 
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    pwm_left_value = pwm_base - mv 

    # Clamp PWM values between 0 and 100 

    pwm_right_value = max(0, min(70, pwm_right_value)) 

    pwm_left_value = max(0, min(70, pwm_left_value)) 

    # Set motor speeds 

    print(f"Right PWM: {pwm_right_value}, Left PWM: 

{pwm_left_value}, Error: {last_error}") 

    if mv < 0: 

        # kiri depan maju, kiri belakang mundur 

        # kanan depan mundur, kanan belakang maju 

        set_motor_speed(6, pwm_left_value)  # Motor kiri depan 

maju 

        #et_motor_speed(5, pwm_left_value)  # Motor kiri belakang 

mundur 

        set_motor_speed(1, pwm_right_value)   # Motor kanan depan 

mundur 

        #set_motor_speed(2, pwm_right_value)   # Motor kanan 

belakang maju 

        set_motor_speed(7, 0) 

        set_motor_speed(4, 0) 

        set_motor_speed(0, 0)  

        set_motor_speed(3, 0)  

    if mv > 0: 

        # kiri depan mundur, kiri belakang maju 

        # kanan depan maju, kanan belakang mundur 

        set_motor_speed(7, pwm_left_value)  # Motor kiri depan 

mundur 

        #set_motor_speed(4, pwm_left_value)  # Motor kiri belakang 

maju 

        set_motor_speed(0, pwm_right_value)   # Motor kanan depan 

maju 
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        #set_motor_speed(3, pwm_right_value)   # Motor kanan 

belakang mundur 

        set_motor_speed(1, 0) 

        set_motor_speed(2, 0) 

        set_motor_speed(5, 0)  

        set_motor_speed(6, 0)  

    if mv == 0: 

        # semua maju 

        set_motor_speed(6, pwm_left_value)  # Motor kiri depan 

maju 

        set_motor_speed(4, pwm_left_value)  # Motor kiri belakang 

maju 

        set_motor_speed(0, pwm_right_value)   # Motor kanan depan 

maju 

        set_motor_speed(2, pwm_right_value)   # Motor kanan 

belakang maju 

        set_motor_speed(7, 0) 

        set_motor_speed(5, 0) 

        set_motor_speed(1, 0)  

        set_motor_speed(3, 0)  

try: 

    while True: 

        ret, frame = cap.read() 

        if not ret: 

            break 

        frame = cv2.rotate(frame, cv2.ROTATE_180) 

        cv2.line(frame,(130,0), (130,640,), (255, 255,0 ), 1) 

        cv2.line(frame,(510,0), (510,640,), (255, 255,0 ), 1) 

        ball = detect_ball(frame) 

        if ball: 
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            x,y,_,_= ball 

            # follow_ball(frame, ball) 

            mv = pid_control(x) 

            follow_ball(mv) 

        else: 

            print('tidak ada bola') 

        cv2.imshow('Frame', frame) 

        if cv2.waitKey(1) & 0xFF == ord('q'): 

            stop_all()  

            break 

finally: 

    cap.release() 

    cv2.destroyAllWindows() 

    stop_all()  # Pastikan semua motor berhenti saat keluar dari 

loop 


