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Lampiran 1: Code Sistem Inspeksi 

Kerusakan Jaringan Pipa Bawah Laut  
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Code untuk mengklasifikasikan data input untuk Training: 

import numpy as np 

import matplotlib.pyplot as plt 

import os 

import cv2 as cv  

DATADIR = r'E:\SPECTA_1\training data' 

CATEGORIES = ["Corrosion", "Crack"] 

for category in CATEGORIES: 

    path = os.path.join(DATADIR, category) # path to CATEGORIES 

    for img in os.listdir(path): 

        img_array = cv.imread(os.path.join(path,img), cv.IMREAD_COLOR) 

        plt.imshow(img_array) 

        plt.show() 

        break 

    break 

training_data =[] 

def create_training_data(): 

    for category in CATEGORIES: 

        path = os.path.join(DATADIR, category) # path to CATEGORIES 

        class_num = CATEGORIES.index(category) 

        for img in os.listdir(path): 

            try: 
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                img_array = cv.imread(os.path.join(path,img), 

cv.IMREAD_GRAYSCALE) 

                new_array = cv.resize(img_array, (IMG_SIZE, IMG_SIZE)) 

                training_data.append([new_array, class_num]) 

            except Exception as e: 

                pass 

create_training_data() 

import random 

random.shuffle(training_data) 

X = [] 

y = [] 

for features, label in training_data: 

    X.append(features) 

    y.append(label) 

 

X = np.array(X).reshape(-1, IMG_SIZE, IMG_SIZE, 1) 

import pickle 

pickle_out =open("X.pickle", "wb") 

pickle.dump(X,pickle_out) 

pickle_out.close() 

pickle_out =open("y.pickle", "wb") 

pickle.dump(y,pickle_out) 

pickle_out.close() 
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Code untuk melakukan proses Training Data: 

import tensorflow as tf 

from tensorflow.keras.models import Sequential 

from tensorflow.keras.layers import Dense, Dropout, Activation, Flatten, Conv2D, 

MaxPooling2D 

from tensorflow.keras.callbacks import TensorBoard 

import pickle 

import time 

from tensorflow.keras.optimizers import SGD 

from tensorflow.keras.optimizers import RMSprop 

 

gpu_options = 

tf.compat.v1.GPUOptions(per_process_gpu_memory_fraction=0.333) 

sess = 

tf.compat.v1.Session(config=tf.compat.v1.ConfigProto(gpu_options=gpu

_options)) 

 

pickle_in = open("X.pickle", "rb") 

X = pickle.load(pickle_in) 

pickle_in = open("y.pickle", "rb") 

y = pickle.load(pickle_in) 

 

X = X / 255.0 
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dense_layers = [0] 

layer_sizes = [32] 

conv_layers = [2] 

 

for dense_layer in dense_layers: 

   for layer_size in layer_sizes: 

        for conv_layer in conv_layers: 

            NAME = "{}-conv-{}-nodes-{}-dense-{}".format(conv_layer, layer_size, 

dense_layer, int(time.time())) 

            tensorboard = TensorBoard(log_dir= 

r'E:\SPECTA_1\logs\{}'.format(NAME)) 

            print(NAME) 

            model = Sequential() 

 

            model.add(Conv2D(layer_size, (3, 3), input_shape=X.shape[1:])) 

            model.add(Activation('relu')) 

            model.add(MaxPooling2D(pool_size=(2, 2))) 

 

            for l in range(conv_layer-1): 

                model.add(Conv2D(layer_size, (3, 3))) 

                model.add(Activation('relu')) 

                model.add(MaxPooling2D(pool_size=(2, 2))) 
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                model.add(Dropout(0.2)) 

 

            model.add(Flatten()) 

            for j in range(dense_layer): 

                model.add(Dense(layer_size)) 

                model.add(Activation('relu')) 

                model.add(Dropout(0.2)) 

 

            model.add(Dense(1)) 

            model.add(Activation('sigmoid')) 

 

            model.compile(loss='binary_crossentropy', 

                        optimizer='adam', 

                        metrics=['accuracy']) 

 

            model.fit(X, y, batch_size=32, epochs=10, validation_split=0.2, 

callbacks=[tensorboard]) 

             

model.save('32x2-CNN2.model') 
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Code untuk melakukan pengujian Data Test: 

import cv2  

import tensorflow as tf 

import matplotlib.pyplot as plt 

import numpy as np 

 

CATEGORIES = ["Corrosion", "Crack"] 

def prepare(filepath): 

    IMG_SIZE = 400 

    img_array = cv2.imread(filepath, cv2.IMREAD_GRAYSCALE) 

    new_array = cv2.resize(img_array, (IMG_SIZE, IMG_SIZE)) 

    return new_array.reshape(-1, IMG_SIZE, IMG_SIZE, 1) 

 

model = tf.keras.models.load_model("32x2-CNN2.model") 

img_array = cv2.imread('25.jpg', cv2.IMREAD_COLOR) 

img_array = cv2.resize(img_array, (1000,1000)) 

 

prediction = model.predict([prepare('25.jpg')]) 

label = str(CATEGORIES[int(prediction[0][0])]) 

cv2.putText(img_array, "Masalah : " + label, (50,250),  

cv2.FONT_HERSHEY_SIMPLEX, 2, (255,255,0), 3, cv2.LINE_AA) 

if label == 'Corrosion': 
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    cv2.putText(img_array, "Solusi : Penambahan lapisan anti-corrosion", (50,300),  

cv2.FONT_HERSHEY_SIMPLEX, 1, (255,255,0), 3, cv2.LINE_AA) 

else: 

    cv2.putText(img_array, "Solusi : Diperlukan pergantian pada pipa", (50,300),  

cv2.FONT_HERSHEY_SIMPLEX, 1, (255,255,0), 3, cv2.LINE_AA) 

 

plt.imshow(img_array) 

plt.show() 

cv2.waitKey(0) 

cv2.destroyAllWindows() 
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Code untuk pengujian Data Test secara real-time 

import cv2  

import tensorflow as tf 

import matplotlib.pyplot as plt 

import numpy as np 

 

CATEGORIES = ["Corrosion", "Crack"] 

model = tf.keras.models.load_model("32x2-CNN2.model") 

def prepare(): 

    cap = cv2.VideoCapture(0) 

    while(True): 

        ret, frame = cap.read() 

        rgb = cv2.cvtColor(frame, cv2.IMREAD_COLOR) 

        cv2.imshow('frame',rgb) 

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

            break 

    cap.release() 

    cv2.destroyAllWindows()  

     

prediction = model.predict([prepare()]) 

label = str(CATEGORIES[int(prediction[0][0])]) 

cv2.putText(frame, "Masalah : " + label, (50,100),  

cv2.FONT_HERSHEY_SIMPLEX, 2, (255,255,0), 3, cv2.LINE_AA) 
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if label == 'Corrosion': 

    cv2.putText(frame, "Solusi : Penambahan lapisan anti-corrosion", (50,150),  

cv2.FONT_HERSHEY_SIMPLEX, 1, (255,255,0), 3, cv2.LINE_AA) 

else: 

    cv2.putText(frame, "Solusi : Diperlukan pergantian pada pipa", (50,150),  

cv2.FONT_HERSHEY_SIMPLEX, 1, (255,255,0), 3, cv2.LINE_AA) 

cv2.waitKey(0) 

cv2.destroyAllWindows() 
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Code Interface aplikasi 

from tkinter import * 

from PIL import Image 

from PIL import ImageTk 

from tkinter import filedialog 

import cv2 

import tensorflow as tf 

import numpy as np 

     

def select_image(): 

    global panelA, panelB 

    path = filedialog.askopenfilename() 

 

    if len(path) > 0: 

        CATEGORIES = ["Corrosion", "Crack"] 

        def prepare(path): 

            IMG_SIZE = 400 

            image = cv2.imread(path, cv2.IMREAD_GRAYSCALE) 

            new_array = cv2.resize(image, (IMG_SIZE, IMG_SIZE)) 

            return new_array.reshape(-1, IMG_SIZE, IMG_SIZE, 1) 

 

        model = tf.keras.models.load_model("32x2-CNN2.model") 
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        image = cv2.imread(path) 

        prediction = model.predict([prepare(path)]) 

        new_array = cv2.resize(image, (500, 500)) 

        label = str(CATEGORIES[int(prediction[0][0])]) 

 

        cv2.putText(new_array, "Masalah : " + label, (100,250),  

cv2.FONT_HERSHEY_SIMPLEX, 1, (0,255,0), 2, cv2.LINE_AA) 

        if label == 'Corrosion': 

            cv2.putText(new_array, "Solusi : Penambahan lapisan anti-corrosion", 

(80,270),  cv2.FONT_HERSHEY_SIMPLEX, 0.5, (0,255,0), 1, cv2.LINE_AA) 

        else: 

            cv2.putText(new_array, "Solusi : Diperlukan pengelasan pada bagian 

retak", (60,270),  cv2.FONT_HERSHEY_SIMPLEX, 0.5, (0,255,0), 1, 

cv2.LINE_AA) 

         

        image = cv2.cvtColor(image, cv2.COLOR_BGR2RGB) 

        new_array = cv2.cvtColor(new_array, cv2.COLOR_BGR2RGB) 

         

        image = cv2.resize(image, (500, 500)) 

         

        image = Image.fromarray(image) 

        new_array = Image.fromarray(new_array) 

        image = ImageTk.PhotoImage(image) 
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        new_array = ImageTk.PhotoImage(new_array) 

        if panelA is None or panelB is None: 

            panelA = Label(image=image) 

            panelA.image = image 

            panelA.pack(side="left", padx=60, pady=10) 

            panelB = Label(image=new_array) 

            panelB.image = new_array 

            panelB.pack(side="right", padx=60, pady=10) 

        else: 

            panelA.configure(image=image) 

            panelB.configure(image=new_array) 

            panelA.image = image 

            panelB.image = new_array 

             

def show_frame(): 

        width, height = 800, 600 

        cap = cv2.VideoCapture(0) 

        cap.set(cv2.CAP_PROP_FRAME_WIDTH, width) 

        cap.set(cv2.CAP_PROP_FRAME_HEIGHT, height) 

        root.bind('<Escape>', lambda e: root.quit()) 

        lmain = tk.Label(root) 

        lmain.pack() 
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        _, frame = cap.read() 

        frame = cv2.flip(frame, 1) 

        cv2image = cv2.cvtColor(frame, cv2.COLOR_BGR2RGBA) 

        img = Image.fromarray(cv2image) 

        imgtk = ImageTk.PhotoImage(image=img) 

        lmain.imgtk = imgtk 

        lmain.configure(image=imgtk) 

        lmain.after(10, show_frame) 

        show_frame() 

 

root = Tk() 

panelA = None 

panelB = None 

Label(root, text = 'Surface Inspector', font =('Lucida Console', 40)).pack(side = 

TOP, pady = 10, padx=50) 

Label(root, text = 'Created by Alan Fhajoeng Ramadhan', font =('Lucida Console', 

10)).pack(side = TOP, pady = 0, padx=50) 

 

btncamera = Button(root, text="Select an Image", command=select_image, 

bg='blue', fg='white') 

btncamera.pack(side="bottom", fill="both", expand="yes", padx="10", 

pady="10") 
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btnvideo = Button(root, text="Start Real-Time Camera", command=show_frame, 

bg='blue', fg='white') 

btnvideo.pack(side="bottom", fill="both", expand="yes", padx="10", pady="10") 

 

root.title('SPECTA') 

root.mainloop() 
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Lampiran 2: Proses Kerja Sistem 

Inspeksi Kerusakan Jaringan Pipa 

Bawah Laut 
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Gambar 1 Hasil citra RGB pada permukaan pipa 
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Gambar 2 Proses pengelompokan data input untuk proses Training 
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Gambar 3. Proses Training Data menggunakan model CNN 
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Gambar 4. Tampilan grafik hasil Accuracy pada proses Data Training beberapa 

Model CNN pada Tensorboard Package  
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Gambar 5. Tampilan grafik hasil Loss (Error) pada proses Data Training 

beberapa Model CNN pada Tensorboard Package  

 

Gambar 6. Tampilan grafik hasil Accuracy Validation pada proses Data Training 

beberapa Model CNN pada Tensorboard Package  
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Gambar 7. Tampilan grafik hasil Loss (Error) Validation pada proses Data 

Training beberapa Model CNN pada Tensorboard Package  
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Gambar 5. Tampilan arsitektur model CNN 2 Convulational Layer, 32 Filter, dan 

1 Full-Connected Layer pada Tensorboard Package 
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Gambar 6. Hasil dari pengujian Data Test menunjukkan gambar pipa pada kelas 

Crack 

 

Gambar 7. Hasil dari pengujian Data Test menunjukkan gambar pipa pada kelas 

Corrosion 
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Gambar 8. Tampilan interface awal Aplikasi  

 

Gambar 9. Tampilan interface untuk mengambil gambar yang akan diolah oleh 

Aplikasi  
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Gambar 10. Tampilan interface hasil olahan gambar yang mengidentifikasikan 

gambar kasus Corrosion 

 

Gambar 10. Tampilan interface hasil olahan gambar yang mengidentifikasikan 

gambar kasus Crack 
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Lampiran 3: Perhitungan Matematik 

Sistem Inspeksi Kerusakan Jaringan 

Pipa Bawah Laut 
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1. Perhitungan matematik kasus kerusakan Corrosion 

 

 

 

Gambar 1. Tampilan Image input untuk perhitungan matematik kasus Corrosion 

dengan ukuran 10 x 10 px 
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2. Perhitungan matematik kasus kerusakan Crack 

 

 

 

Gambar 1. Tampilan Image input untuk perhitungan matematik kasus Crack 

dengan ukuran 10 x 10 px 
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