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 Abstract — One indicator of road’s feasibility can be seen from 
the conditions on the road surface. Road damage that often occurs 
is the number of potholes or holes [1]. In this study, we made an 
inspection device that can detect hollow roads automatically. 
Where the results of the detection will be sent to the server along 
with the coordinates of the location of the hole that will be 
processed and used as data on information on roadworthiness in 
an area. So when conducting road inspections we do not calculate 
the number of manually perforated roads so that the inspection 
process will run faster and more efficiently. This tool works with 
the camera as the main sensor, the camera works with the eye to 
provide visual data in the form of real-time video [2]. The visual 
data is processed using the Convolutional Neural Network 
algorithm which has 480 x 320 pixels with convoluted 2 times and 
produces smaller pixels, so we obtain weights to be classified with 
datasets [3]. These results will result in a decision whether there is 
a hole or not on the road that has been inspected by this tool. In 
addition to knowing where the location of the damage is this tool 
is equipped with GPS. If a hole is detected, the tool will take a 
picture, then send the image and coordinates to the server, so that 
the server can find information on the hole in an area [4]. This 
study obtained a success percentage of 92.8% in detecting holes 
using the CNN (Convolutional Neural Network) method. 
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I. INTRODUCTION 
The road is a land transportation infrastructure that covers 

all parts of the road, including complementary buildings and 
traffic equipment. To support safety, security, and comfort, a 
decent and good quality road is needed. One indicator of road 
feasibility is whether or not there are holes on the road. 
Meanwhile, one method is used to obtain data on the number of 
holes on a road based on reports from the surrounding 
community. 

Seeing these problems, we created a classification system 
design as well as monitoring regarding pothole detection on the 
road using CNN. The pothole is detected by acquiring the image 
of the highway which is then convoluted with the convolution 
matrix so that the dimensions of the image matrix become 
smaller without losing the image characteristics.  

 
 

Then the convolution results are trained with datasets using 
the neural network to issue a decision whether the pothole is 
detected or not. 

The purpose of this study is to apply video processing 
techniques that can be one way to overcome problems in the 
process of monitoring and evaluating road processes manually. 
In addition, the results of this study are expected to be a survey 
method that can be used so that the quality of the road gets 
better. 

II. METHODOLOGY 
The flow of this research is focused on obtaining a hole 

classification on the road with input data in the form of an 
image. For image classification, we use the Convolutional 
Neural Network (CNN) method. In this study called a hole is a 
hole that has a diameter of about 10 cm and has a depth of 
approximately 5 cm. The Convolutional Neural Network 
(CNN) method consists of two stages. The first stage is the 
classification of images using feed forward. The second stage 
is the learning stage with the back propagation method. Before 
classification, preprocessing is done first with the 

Wrapping method and cropping to focus the object to be 
classified. Next is training using the feed forward and back 
propagation methods. Finally, the classification stage uses the 
feed forward method with updated weights and biases. If a hole 
is detected, the GPS will detect the coordinates of the location 
and send location coordinates to the database server. Next is the 
system design Flowchart: 
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Figure 1. The System Design Flowchart 

The image processing process starts from taking the image 
from video processing using a USB Webcam Logitech C525 in 
the form of an RGB image. Then the image is processed using 
the Convolutional Neural Network (CNN). 
 

A. Image Preprocessing 
The initial step is taking the image using the camera. In this 

process, the hole in the path as the main object is captured by 
the camera in the form of a frame. Then the preprocessing 
process is done, this frame will be captured repeatedly to 
produce a video. The results of this video are processed to 
detect holes in the road caught on camera. Data from this video 
is used as input. Video resolution in this system is displayed 
with a size of 480 x 320 pixels with the consideration that 
running computing can work faster. This resolution setting will 
also reduce the memory usage used. The resolution of 480 x 
320 pixels is a size that is quite ideal, indeed not too small or 
large. This is because at this resolution the observations are 
actually quite clear. 
 

B. Convolutional Neural Network (CNN) 
Convolution neural network itself is a combination of image 

convolution for feature extraction processes and neural 
networks for classification. Based on the architecture of LeNet5 
(Stanford, 2016), there are 4 main layers on a CNN, namely 
convolution layer, relu layer, subsampling layer, and fully 
connected layer. The initial layer functions as a feature 
extraction method, so the number of layers in a CNN does not 
have universal rules and applies differently depending on the 
dataset used. Because of this, the number of layers in the 
network and the number of neurons in each layer are considered 
as hyper parameters and optimized using the searching 
approach. The following is an explanation of each layer. 
 
 

1. Convolution layer 
The Convolution layer performs convolution operation on 

the output of the previous layer. This layer is the main process 
that underlies a CNN. Convolution is a mathematical term that 
means applying a function to the output of another function 
repeatedly. In image processing, convolution means applying a 
kernel (yellow box) to the image in all possible offset as shown 
in Figure 2. In the green box as a whole is the image to be 
convoluted, the kernel moves from the upper left corner to the 
bottom right. The size of the kernel dimensions in this study has 
a 3x3 order. So the results of the convolution of the image can 
be seen in the convolution of features. 

The purpose of convolution is to extract features from the 
input image. Convolution will produce a linear transformation 
of Input data according to spatial information on the data. The 
weight on that layer specifies the convolution kernel used so 
that the convolution kernel can be trained based on Input on 
CNN. 

 
Figure 2. Convolution Operation (I Wayan Suartika E. P, 2016) 

2. ReLu Layer 
ReLu or rectified linear unit layer, this layer can be likened 

to threshold or the same as the activation function on artificial 
neural networks. With the aim of maintaining the image results 
of the convolution process in a positive definite domain. The 
resulting number must be positive because the activation 
function of the back propagation neural network in this study 
uses sigmoid fungi. So that each number of the results of the 
convolution process that is negative will first go through the 
ReLu process which makes the negative value equal to zero. 
 

3. Subsampling Layer 
Subsampling is the process of reducing the size of a data 

image. In image processing, subsampling also seeks to increase 
position invariance from features. In most CNN, the 
subsampling method used is max pooling. Max pooling divides 
Output from the convolution layer into several small grids and 
then takes the maximum value from each grid to compile the 
image matrix that has been reduced as shown in Figure 3. The 
red, green, yellow and blue squares correspond to the group of 
boxes that will select the value maximum. It is expected that the 
results of the process can be seen in the collection of grids on 
the right. This process ensures that the features obtained will be 
the same as the image object being moved to translate. 

Specified filter. After completion, the Input image will get 
a new image resolution. This resolution will go through the 
max-pooling stage. This stage will take the largest pixel value 
in the new Input image. After that, the dataset or Input image 
will be trained with the neural network to get the weight. It is 
this weight that can determine and produce the output value on 
the system. 
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Figure 3. Max Pooling Operation (I Wayan Suartika E. 

P, 2016) 
 

4. Fully connected layer 
This layer is usually used in applying MLP and aims to 

transform data dimensions so that data can be classified 
linearly. Each neuron in the convolution layer needs to be 
transformed into one-dimensional data first before it can be 
inserted into a fully connected layer. Because it causes data to 
lose spatial information and is not reversible, the fully 
connected layer can only be implemented at the end of the 
network. Convolution layer with kernel size 1 x 1 performs the 
same function with a fully connected layer but while 
maintaining the spatial character of the data. 

 

 
Figure 4. Overview of CNN Process 

 
Figure 4 is an overview of the CNN process. Generally, the 

structure of this process has 3 processes, pre-processing, 
processing, and classification. Before knowing the architectural 
design to be used, the system flow on CNN must be made first. 
At the initial stage, the number and quality of the dataset must 
be determined in advance. Because this will affect the results of 
the Training. After the dataset has been determined, the core 
phenomena are processing. At this stage, the CNN architecture 
will begin to be created.  

III. DISCUSSION 
 

 
Figure 5. Design of Prototype 

 
 
 

A. Camera 
In this research, the function of the camera as an image 

capture device, we use the Logitech C525 Webcam as shown in 
Figure 6. 

 
Figure 6. Logitech C525 Webcam. 

 
B. The Type of Road 
The type of road that will be detected 

� City Road 
 

 
Figure 7.  City Road 

� Village Road 
 

 
Figure 8. Village Road 

 
C. Pothole Specification 
According to the Minister of Transportation of the Province 

of Ontario, Canada, a hole in the city road that can be repaired 
is a hole that has an area of 1000 cm2 with a depth of less than 
8 cm, on city roads that are passed by more than 10,000 vehicles 
per day. 

IV. RESULT 
To get good results, it needs testing. In figure 9 and figure 

10, this picture shows how the pothole detection works on the 
road in the city and in the village. The result is obtained from 
the recording and classification process using the CNN 
(Convolutional Neural Network) method. The system detects 
holes in the Figure. 9 and Figure 10. 
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Figure 9. Training Data of Pothole on City Road 

 
 
 
 
 
 
 
 
 
 
 

Figure 10. Training Data of Pothole on Village Road 
 

TABLE 1. CITY POTHOLE DETECTION RESULTS 

 

No. 
Experiment 

Trial Detection Error 
 
 

5. 

 

 
 

Pothole 

 
 

0 % 

 
 

6. 

 

 
 

Pothole 

 
 

0 % 

 
 
 

7. 

 

 
 
 

Pothole 

 
 
 

0 % 

Percentage of success 100 % 

 
In Table 1 Results of Hole Detection Experiments on City 

roads obtained a percentage level of success of 100% of the 8 
data tested. This shows that the detector has been successfully 
carried out on the city road. 

 
TABLE 2. VILLAGE POTHOLE DETECTION RESULTS 

 

No. 
Experiment 

Trial Detection Error 
 
 

1. 

 

 
 

Pothole 

 
 

0 % 

 
 

2. 

 

 
 

Pothole 

 
 

0 % 

 
 
 

3. 

 

 
 
 

Pothole 

 
 
 

0 % 

4. 

 

Not a Pothole 14,28 % 

 
 

5. 

 

 
 

Pothole 

 
 

0 % 

No. 
Experiment 

Trial Detection Error 

1. 

 

 
 

Pothole 

 
 

0 % 

2. 

 

 
 

Pothole 

 
 

0 % 

3. 

 

 
 

Pothole 

 
 

0 % 

4. 

 

 
 

Pothole 

 
 

0 % 
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5. 

 

 
 

Pothole 

 
 

0 % 

 
 

5. 

 

 
 

Pothole 

 
 

0 % 

Percentage of success 85,71 %
 

In Table 2 from the results of testing the hole detection on 
village roads, the success rate percentage was 85.71% of the 7 
data tested. With an error percentage of 14.28% of the 7 data 
tested. 
 

V. CONCLUSION 
The conclusion of this experiment is that all component 

systems can work according to their functions and also this 
system can detect road holes with a total percentage of success 
of both trials 92.8% and errors of 7.2%. 
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