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Abstract

Disciplinary violations occurred in the SDP Palembang Transportation Polytechnic environment,
the violations were in the form of many cadets who smoked. This study aims to provide alternative
solutions by utilizing video image data obtained from CCTV to develop CNN and YOLO models to
detect smoking violations by cadets in the SDP Palembang transportation polytechnic environment.
The benefits of research in the scientific field by testing the level of accuracy of the model developed
using the YOLO and CNN algorithms on CCTV image data. The results showed that the precision
value increased along with the number of epochs that took place, where the final precision value
obtained was at a value of 0.90152, while the recall value showed 0.82878. The CNN algorithm
Recall value showed 0.9625, while the CNN algorithm Precision value showed 0.7349. The HOG
algorithm Precision value showed 0.86562, while the HOG algorithm Recall value showed 0.6715.
The combined recall value of the CNN and YOLO algorithms showed 0.94339 while the combined
Precision value of the CNN and YOLO algorithms showed 0.89285. The model has a Mean Average
Precision (mAP) value of 0.89109, which shows that the model that has been developed has a good
level of accuracy.

Keywords: Accuracy, CNN Algorithm, Mean Average Precision (mAP), Precision Value, YOLO
Algorithm.

1 Introduction

The Ministry of Transportation State Senior High School is a senior high school under the auspices of
the Ministry of Transportation. Students who attend civil service schools are called cadets. Education at
the Ministry of Transportation Civil Service School, cadets undergo academic education and character
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development education (Muhayyang, 2020). Character Education is the process of instilling character in
students through parenting patterns that include attention and readiness to carry out these traits, both
towards God, oneself and others (Insani et al., 2021). Any act that violates the applicable laws and
regulations regarding the care of cadets will be recorded and recorded in the cadet pocket book as a
consideration in imposing sanctions on the cadets concerned. Disciplinary violations that occurred in
the SDP Palembang Transportation Polytechnic environment were violations in the form of many cadets
smoking in the SDP Palembang Transportation Polytechnic environment (Thanaraj et al., 2024).
Monitoring students via CCTV plays a very important role in reducing the number of acts of violence
in the educational environment. This study utilizes video image data obtained from CCTV to monitor
students in the Ministry of Transportation State Senior High School environment (Aprilia & Jacky,
2019). This study will utilize video image data obtained from CCTV to supervise students in the Ministry
of Transportation Civil Service High School environment (Bashier & Jabeur, 2021). This study aims to
apply the YOLO and CNN algorithms to detect smoking activities of cadets on CCTV image data, and
to test the accuracy level of the CNN and YOLO models in detecting CCTV image data in detecting
smoking activities of cadets in the SDP Palembang Transportation Polytechnic environment (Jyothi &
Mary Gladence, 2024).

Apart from using computational methods to detect smoking violations, namely the Convolutional
Neural Network (CNN) approach, which is a computational method that works like a biological neural
network system by utilizing convolution., where CNN is able to classify images with a high level of
curacy by reducing a number of free parameters and reducing deformation of the input image (Andika
et al., 2019). YOLO algorithm is an algorithm that is capable of detecting objects with processing speed
and a high level of accuracy (Rahma et al., 2021). The CNN algorithm is an algorithm that has
implemented two types of frameworks including Darknet and Darkflow with the support of a Graphics
Processing Unit (GPU) in detecting grids of objects in image data. The YOLO algorithm detects smoking
activity in outdoor environments in real-time with an accuracy rate of up to 95 percent. Several studies
using CNN show good results in the object detection process based on image data (Saponara et al., 2021;
Abdali et al., 2019). CNN algorithms are generally used in facial recognition, image/video data
classification, image analysis and body gesture detection (Charli et al., 2020), One image can have
hundreds of layers that represent other colors in the RGB color architecture, while kernel is an operator
that is applied to all parts of the image to get an array of values from the image data (Srinivasu &
Veeramani, 2021). Khan & Niu, (2021) While invisible images are images in the form of digital files
which are represented in the form of bit values, analog images are produced from analog devices such
as analog video recorders, analog photo cameras, webcams, CT scans, Roentgen sensors (Purwanto,
2020; Simangunsong, 2020) The digital image formats that are widely used are Binary (Monochrome)
images, Grayscale images and True Color images (Simangunsong, 2020). YOLO is an algorithm that is
capable of detecting an object in real-time. The image that has the highest score value will be considered
as the detected object (Alfarizi et al., 2023), detecting objects in image data, stride is a parameter that
states the amount of shift in the carnel filter which is usually used to reduce the output size (Dwiyanto
et al., 2022). Images can be processed by computers, the process of converting analog images to digital
must be done first. Analog images are produced from analog devices such as analog video recorders,
analog photo cameras, webcams, CT Scans, Roentgen Sensors for the Thorax, Short Wave Sensors in
radar systems, Ultrasound Sensors in USG systems and so on, visual display, digital data values
represent the color of the image to be processed.

This study utilizes video image data obtained from CCTV to monitor students in the Ministry of
Transportation State Senior High School environment. This study aims to apply the YOLO and CNN
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algorithms to detect smoking activities of cadets on CCTV image data, and test the accuracy level of the
YOLO and CNN models to detect smoking activities of cadets in the SDP Palembang Transportation
Polytechnic environment (Ponduri & Mohan, 2021). The benefits of research in the field of science by
testing the accuracy level of the model developed using the YOLO and CNN algorithms on CCTV image
data. So, the main research questions of this article are as follows:

o How to apply the YOLO algorithm in detecting smoking activities of cadets on CCTV image data?

o How to apply the CNN algorithm in recognizing the faces of cadets at the SDP Palembang
Transportation Polytechnic?

e How is the accuracy level of CNN and YOLO models in detecting CCTV image data in detecting
smoking activities of cadets in the SDP Palembang Transportation Polytechnic environment?

Convolutional Neural Network (CNN) is one of the deep learning algorithms that can recognize and
classify images based on the image data it has. Several studies using CNN have shown good results in
the process of detecting objects based on image data (Alfarizi et al., 2023; Kin et al., 2021; Surendar,
2024). The CNN algorithm is generally used in facial recognition, image/video data classification, image
analysis and body gesture detection (Mohammed et al., 2021; Dziurakh et al., 2024). While invisible
images are images in the form of digital files represented in the form of bit values, analog images are
produced from analog tools such as analog video recorders, analog photo cameras, webcams, CT Scans,
Roentgen Sensors (Purwanto, 2020; Madhan & Shanmugapriya, 2024), one image can have hundreds
of layers that represent other colors in the RGB color architecture, while kernels are operators that are
applied to all parts of the image to obtain array values from the image data (Dwiyanto et al., 2022). The
most widely used digital image formats are Binary (Monochrome) images, Grayscale images and True
Color images. YOLO is an algorithm that is able to detect an object in real-time. The image that has the
highest score value will be considered as the detected object (Dwiyanto et al., 2022; Ali et al., 2022),
YOLO applies Neural Network (NN) in detecting objects in image data, stride is a parameter that states
the number of filter kernel shifts that are usually used to reduce the output size (Ali et al., 2022; Wei et
al., 2020). Deep learning and computer vision have become invaluable tools in agriculture, providing
innovative solutions to a variety of challenges. These technologies help in a variety of applications, such
as plant disease detection, crop monitoring, and land management (Dhanya et al., 2022; Fracarolli et al.,
2020; Fracarolli et al., 2020; Ghazal et al., 2024; Kamilaris & Prenafeta-Bold(, 2018; Kamilaris &
Prenafeta-Bold(, 2018; Bharman et al., 2022). Conventional neural networks (CNN) to analyze plant
disease images, where the R-CNN model has a detection rate of 99.39% to detect chili plants, so the
potential of this learning model is very deep for a revolution in disease management in agriculture
(Sharma et al., 2023). CNN model in the use of an innovation to carry out a learning augmentation
strategy that produces new data from noisy images in improving the training model, where the approach
utilizes the Bayes algorithm to create images using a convolutional autoencoder (Momeny et al., 2022).
Integration of YOLOV9 and Swin Transformer models to detect strawberry ripeness with high accuracy.
The hybrid model achieved an average precision (mAP) at loU 0.5 of 87.3%, outperforming the
traditional model using only YOLOV9, which recorded an mAP of 86.1% (Mi & Yan, 2024).

1) Method

e Image Data

Image Data is a representation/picture, similarity and imitation of an object captured by a camera. Where
image data is an output from a data recording system that can be optical, analog or digital. Image data
can be grouped into visible images and invisible images. One form of visible image includes photos,
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paintings, scenery, holograms and images that appear on a monitor or television screen. While invisible
images are images in the form of digital files that are represented in the form of bit values. Analog
images are continuous images such as vehicle registration numbers, images on television monitors, X-
rays, photos printed on paper, paintings, natural scenery, CT scan results, images recorded on cassette
tapes and so on. Analog images cannot be represented in a computer so they cannot be processed directly
by the computer. Therefore, in order for the image to be processed by a computer, the process of
converting analog images to digital must be carried out first. Analog images are produced from analog
tools such as analog video recorders, analog photo cameras, webcams, CT scans, Roentgen sensors for
Thorax, Shortwave sensors in radar systems, Ultrasound sensors in USG systems and so on (Purwanto,
2020). The value at an intersection between a row and a column at position (x,y) in Figure 1 is called a
picture element, image element, pel, or pixel. The last term (pixel) is most often used in digital images.
Pixel is the smallest element of an image. Pixel has 2 parameters, namely coordinates and intensity or
color. The value contained in the coordinates (x,y) is f (x,y), which is the intensity of the pixel at that
point. Based on the matrix form above, digital images can be systematically written as an intensity
function f (x,y), where the values x (row) and y (column) are position coordinates and f (X,y) is the
function value at each point (X, y) which states the intensity of the image or the gray level or color of
the pixel at that point. Based on this explanation, this study will use image data as a data source sourced
from CCTV with certain image processing so that it can be used in detecting and supervising cadet
discipline.

e The Convolutional Neural Network (CNN) Approach

CNN is a type of artificial neural network that is able to process visual data such as images and videos
with a good level of accuracy (Suryavanshi, 2024). CNN uses several layers of neural networks in
classifying image data including convolution layers, pooling layers and fully connected layers. Where
CNN has good effectiveness in processing image data because the convolution layer is used to filter
important features in the image, such as edges, colors, and textures. In addition, the pooling layer is
useful in reducing data dimensions and helping the network to be invariant to slight changes in object
position. As well as the fully connected layer, connecting all neurons in the previous layer and producing
the final output, such as class probability for each possible object. Where the image recognition process
using the CNN algorithm is shown in Figure 1.

Figure 1: Image Detection Architecture Using CNN Algorithm
(Source: Jiang et al., 2019)

The image classification process using the CNN algorithm begins with processing the input image
which is then classified into certain categories such as face shape, sensory devices, or certain colors. The
next stage is that the image will be processed into an array form that has a value at each pixel with a
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certain resolution (channel) consisting of length, width and dimensions. Image channels generally have
3 pieces of image information with each layer representing the colors red, green and blue. In some cases,
channels have more than 3 layers, even one image can have hundreds of layers representing other colors
in the RGB color architecture (Jiang et al., 2019). Several studies using CNN, including (Saponara et
al., 2021) and (Abdali & Al-Tuma, 2019) have shown good results in the process of detecting objects
based on image data. Based on this explanation, this study uses the CNN algorithm in creating a model
that can detect disciplinary violations of cadets at the Ministry of Transportation College.

The research focuses on creating a CNN model to be able to recognize cadets' disciplinary violation
activities. CNN is a deep learning approach that is commonly used in classifying images and grouping
them based on similarities and abilities in recognizing activities. CNN has a convolution layer formed
from several combinations of convolution layers, pooling layers and fully connected layers. The CNN
architecture is shown in Figure 2, which shows that CNN has several types of layers that can be used,
namely subsampling layers, convolutional layers, loss layers and fully connected layers.

FEATURE LEARNING CLASSIFICATION

Figure 2: CNN Architecture

(Source: Mulyanto et al., 2021)

The CNN that will be implemented does not use many layers. A simple CNN architecture to complete
image classification with a relatively small dataset, considering that there are only a few categories for
classification. This technique is implemented in the CNN approach which will affect the performance
of the model in training so that overfitting can be reduced. The image classification process using CNN
takes place by applying the extraction feature by utilizing the texture extraction feature in recognizing
the shape of the cadet's face, the Gabor Filter Characteristics are suitable for use in the application of
cadet facial texture recognition where spatially the Gabor Filter is a sinusoidal modulated using the
Gauss function. The mathematical equation of the Gabor Filter is shown in Formula 4. Where © is the
orientation control of the Gabor function, ¢ is the standard deviation of the Gaussian Envelope and x
and y are the coordinates of the Gabor Filter shows in figure 3.

1 1 [~x? 2
glx,y) = P— exp [— > (a—; + a_il/z)] ........................................................................... (D
~X = XCOSO F P SINO..ieeeeeeeeaeaaaaeaaas
~Y = —XSINO T PCOSO ..

Gabor filter

Input image Output image
Figure 3: Filter Gabor
(Source: Boughida et al., 2022)
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e You Only Look Once (YOLO)

YOLO is an algorithm that is able to detect an object in real-time. Where the detection system is carried
out by applying a repurpose classifier or localizer in detecting. The model is applied to image data at
several different scales, where the area with the image that has the highest score value will be considered
the object being detected (Alfarizi et al., 2023). YOLO applies Neural Network (NN) (Jiang et al., 2019)
in detecting objects in image data. YOLOL can divide the image into several regions and predict each
restriction block and probability for each prediction. YOLO has advantages over other algorithms in
detecting classifier-oriented objects, where YOLO has a high level of prediction accuracy and fast
processing speed. YOLO has an architecture similar to CNN but the convolution layer and pooling layer
are adjusted according to the number of classes and the number of prediction grids used. Meanwhile,
Figure 4 explains how to calculate the bounding box in YOLO in determining the intended prediction
object (Du, 2018; Bharathi et al., 2023). YOLO applies Neural Network (NN) (Kin et al., 2021) to detect
objects in image data. YOLOL can divide the image into several regions and predict each block of
restrictions and probabilities for each prediction. YOLO has advantages compared to other algorithms
in detecting object-oriented classifiers, where YOLO has a high level of prediction accuracy and fast
processing speed (Fareed et al., 2020). YOLO has an architecture similar to CNN but the convolution
layers and pooling layers are adjusted to the number of classes and number of prediction grids used.

Is there an object?

Bounding box

Class labels

Figure 4: Bounding Box Calculation in YOLO
(Source: Du, 2018)

Where nout is the number of output attributes, while nin is the number of input attributes, k is the
size of the convolutional kernel, p is the size of the convolutional padding, while is the size of the
convolutional stride. So based on the confidence value of the areas in each bounding box, the class
probability of the cigarette object and cigarette pack will be determined, and Figure 10 shows the YOLO
research process. Meanwhile, in calculating the output size of the convolution layer in YOLO, Formula
1 is used.

Nin+2p—k
Mout = Lo (@)
Where nout is the number of output attributes, while nin is the number of input attributes, k is the
size of the convolutional kernel, p is the size of the convolutional padding, while s is the size of the
convolutional stride.

2 Research Method

The research stages can be seen in Figure 5, where the initial stage is the data collection stage which is
then preprocessed to obtain uniform data and in accordance with the model creation scenario. After data
pre-processing, the next step is to create a model using the CNN method and after the model is created,
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an evaluation test is carried out to measure the level of accuracy of the model created. In testing the
methodology in the study, a dataset was used with labels including cigarettes, cigarette packs and without
descriptions with a total of 2,117 images with a resolution of 512 x 512 pixels, where the dataset used
Reference in (Gunarsih, 2023) with an explanation of the dataset listed in Table 1. Meanwhile, the
dataset used in detecting the faces of cadets at the SDP Palembang Transportation Polytechnic is facial
image data of 200 cadets per person with a resolution of 256 x 256 pixels with a grayscale image format

as shown in Figure 6.

Dataset Collection

v
Data Preprocessing

A
CNN Model Creation

A
Evaluation

Figure 5: Research Framework

1) Dataset

In testing the research methodology, a dataset was used with labels including cigarettes, cigarette packs
and without information with a total of 2,117 images with a resolution of 512 x 512 pixels, where the
dataset used refers with an explanation of the dataset listed in Table 1.

Table 1: Dataset Description

Label Number of Images | Big Data | Type

Cigarette 1.212 +412 MB | Picture
Wrap 982 + 334 MB | Picture
Without explanation | 201 + 68 MB | Picture

(Source: Gunarsih, 2023)

Meanwhile, the dataset used to detect the faces of SDP Palembang Transportation Polytechnic cadets
is facial image data of 100 individual cadets with a resolution of 256 x 256 pixels in grayscale image
format as in Figure 6.

!
e
—_—

L

Figure 6: Dataset of Cadet Faces
(Source: Fadnavis, 2014)
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2) Data Preprocessing

Data preprocessing is divided into two types of data including face dataset and cigarette dataset. The
initial stage of preprocessing the cigarette dataset is by providing markings/annotations to the objects to
be detected, where annotation is done by marking each edge point as in Figure 4. After the annotation
process is carried out, Next, each object marked in the annotation is given a label for the type of object
to be detected. In the example of Figure 7, the purple annotation shows the cigarette smoke object and
the yellow annotation shows the cigarette object.

No Tags Applied

Figure 7: Annotation Process

Next, the object points are combined with metadata, so that the labeling process is carried out as
shown in Figure 8.

| bk_001_jpg.rf.3e4e3e9d58053dd4d3d6ba.. 7/16/2023 7:40 PM Text Document 2KB
bk_001_jpg.rf.8ed9ddd7d236bc475¢1585...  7/16/2023 7:40 PM
bk_003_jpg.rf.8cb0bd82299b98d 1b6f8c6..  7/16/2023 7:40 PM
8] bk_001_jpg.rf.8ed9ddd7d236bca75¢1585...  7/16/2023 7:40 PM IPG File
8] bk_001_jpg.rf.3e4e3¢9d58053dd4d3d6ba.. 7/16/2023 7:40 PM

(8] bk_003_jpg.rf.8cb0bd82299598d 1b6f8c6...

Figure 8: Images and Labels

Meanwhile, the label file contains information on the annotation coordinate points on the image along
with the object labels. An example of detailed data information in the label file is shown in Figure 9.

) DI_0D0 - Motepad -

Edit Format View Help

-2783333333333333 ©.9725 ©.85 0.875
-39228813559322834 0©.9786016949152543 @.85 8.875
-6449358974358975 ©.97823653846153847 8.85 8.875
-7266666666666667 ©.9725 ©.85 6.875
-912883211678832116 ©.9788686131386861 @.85 @.@75
-17981785714285712 ©.9726339285714285 @.85 8.875
-257745898@392157 ©.9778588235294118 @.85 8.875
-417837837037837 B.9641666666666666 B.85 B.875
-45998697916666604 ©.97712898625 ©.85 @.875
-54142384185960826 6.9768708689271524 6.65 0.875

[
PO DO O® T

Figure 9: Overview of Annotations and Labels
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Next, the data is divided into four parts, including training data, testing data and validation data.
Where training data is data used in creating detection models, generally training data has a higher ratio
than testing and validation data. Meanwhile, testing data is used to test the capabilities of the resulting
model or as a model simulation in the real world. Meanwhile, validation data is used for the model
validation process and to prevent overfitting.

Meanwhile, preprocessing of image data in cadet face recognition is done by standardizing the image
size to 256 x 256 pixels using the Nearest Neighbor Interpolation algorithm, which multiplies each pixel
closest to the center pixel. For example, in Figure 6, there is a 2 x 2 pixel image that will be enlarged to
4 x 4 pixels, where the pixel value at each point will be multiplied vertically and horizontally.

10 | 10 | 20 | 20

10 | 20 2x 10 | 10 | 20 | 20
30 | 40 30 | 30 | 40 | 40
2%2 30 | 30 | 40 | 40

4x4

Figure 10: Resize Image

A 3N . L % -, ..

Figure 11: Convert RGB to Grayscale

After the image is resized, the image format is then changed to grayscale using the Luminosity
Algorithm, where the image color is represented based on a combination of the red (R), green (G) and
blue (B) image color values in each pixel, changed to black and white with a certain value using Formula
2. So that the change in RGB image format to grayscale show figure 11.

Grayscale = (0.21 X R) + (0.72 X G) + (0.07 X B)uiuiriiiiriiiiiiiiiiieeeeeeeeea, 5)

YOLO architecture has a simple architectural structure, where the system will receive image input
with the form (448, 448, 3) which is an image that has a size of 448 x 448 with 3 color channels, which
will then go through at least one covolution process to produce an output shape (7, 7, 30), witha 7 x 7
image, namely the grid cell size and a value of 30 for the number of bounding boxes multiplied by the
sum of the classes and the number of components in one box. Each covolution operation will have
parameters for the size of the filter channel, the number of filters and other parameters that affect the
shape of the output of the covolution operation, namely padding and stride. YOLO applies the zero-
padding method, namely adding 0 to each edge of the input image. In this study, YOLO is used to detect
cigarette objects and cigarette packs, the detection process is done by breaking the image downto 1 x 1
pixel, then each bounding box is given a confidence value as in Figure 12. So based on the confidence
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value of the areas in each bounding box, the class probability of the cigarette object and cigarette pack
will be determined, and Figure 12 shows the YOLO research process.

Figure 12: Classification of Cigarettes and Cigarette Packs Using YOLO
(Source: Fadnavis, 2014)

3) Model Building Scenario

Table 2: Testing Scenario

No Experiment Model Batch Size Epoch Image Size
1 Experiment1  YOLOv5s 8 50 160
2 Experiment2  YOLOv5s 16 (default) 50 160
3 Experiment3  YOLOv5s 32 50 160
4 Experiment4  YOLOv5s 64 50 160
5 Experiment5  YOLOv5s 128 50 160
6 Experiment6  YOLOv5s 16 (default) 25 160
7 Experiment7  YOLOv5s 16 (default) 50 160
8 Experiment8  YOLOv5s 16 (default) 75 160
9 Experiment9  YOLOv5s 16 (default) 150 160

10 Experimentl0 YOLOvbs 16 (default) 300 160

11 Experiment1l YOLOvbs 16 (default) 50 160
12 Experiment12 YOLOvbs 16 (default) 50 320
13 Experiment13 YOLOvbs 16 (default) 50 640
14  Experiment14 YOLOvbs 16 (default) 25 160
15 Experiment15 YOLOvbs 16 (default) 50 160
16 Experiment16 YOLOvbs 16 (default) 75 160

17 Experiment17 YOLOvbs 16 (default) 150 160
18 Experiment18 YOLOvbs 16 (default) 300 160

[ ] Computing Unit [ Batch Size [ ] Number of Epochs [ | Image-Size
This section explains the model creation scenario, where the creation of the smoking activity
detection model is carried out in 18 different algorithm configuration scenarios shown in Table 2. While
the configuration indicators used include the number of epochs, batch size, image-size and
computational units. While for other configuration indicators listed in Table 3 using general values set
in the YOLO version 5 algorithm.

Table 3: Standardized Configuration Indicators

Convolutional Layers 83
Pooling Layers 4

Batch Normalization Layers | 201
Activation Layers 83
Linear Layers 3

Jenis Model YOLOv5s
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4) Confusion Matrix

Classification performance measurement generally uses a confusion matrix, where a 2 x 2 matrix
explains the results of the binary classification of the dataset used. Where Table 2 shows a simple
explanation of the confusion matrix.

Table 4: Confusion Matrix

Prediction Category
Positive | Negative
Current Category | Positive | TP FN
Negative | FP TN

(Source: Andika et al., 2019)

In Table 4 there is True Positive (TP) which shows the results of correct data prediction with the
correct actual value. True Negative (TN) is the result of incorrect data prediction with the wrong actual
data value. While False Positive (FP) is the result of incorrect data prediction but the correct predicted
result. While False Negative (FN) shows precision and recall data. Meanwhile, accuracy is an evaluation
based on the number of correct prediction propositions.

3 Results and Analysis

This section will discuss the testing and drawing of research results consisting of three parts, including
the development of the YOLO maodel in detecting smoking violations, the development of the CNN
model in detecting cadet identity and testing the reliability of each model.

1) Effect of Batch-Size

The initial stage of testing focused on measuring the effect of batch-size indicators on the level of
precision, recall, GPU memory usage and computing time. Batch size is the number of data samples that
usually pass through a neural network at one time, where the batch size determines the number of
samples that must be worked on before updating the internal model parameters. In measuring the effect
of batch-size on the resulting model, five experiments were carried out with different batch-size
conditions, including 8, 16, 32, 64 and 128. Meanwhile, other configuration indicators were standardized
by using the YOLOv5s model type, 50 epochs and 160px image size.

Batch-Size Performance Metrics

275 —&— Execution-Time 2.280
GPU-Memory
—a— Precision
200 Recall
175
150
w
[
=
3 125
1100
100
0.87 0.876 0,840y 0838,
8 R
075%73 0.700 0.697 0.715
600g, 580
0.50 0.4
0.364 0379,
dg—— »
20 a0 60 80 100 130

Batch-Size

Figure 13: Effect of Batch-size
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Based on the test results, where along with the increase in batch size in one training epoch will
increase the use of GPU memory as shown in Figure 13, this is because the increasing number of batches,
the feature data in the training process in each epoch that is stored will increase. So the use of a high
number of batch sizes in a limited computing environment must be considered. Meanwhile, the increase
in the number of batch sizes is inversely proportional to the computing time, the higher the batch size
(sample) processed in the population in each iteration, the faster the execution time of the data population
processing and shorten the execution time. While batch size does not have much effect on the level of
accuracy of the resulting model. It can be seen in Figure 12, where the level of precision and recall tends
to stagnate and only increases in the number of batch sizes 8 to 16 with an increase value that is not too
high. Based on the test of the effect of batch size, it can be concluded that batch size does not have much
effect on the level of accuracy of the resulting model. This is in line with the results of research (Radiuk)
which shows that the effect of batch size in training models in some conditions will not be significant.
Therefore, this study will use a batch size of 16 to measure the influence of other configuration
indicators.

2) Effect of Epoch Number

The second stage focuses on measuring the effect of increasing the number of epochs on the resulting
model. Where other configuration indicators are standardized by using the YOLOvV5s model type, image
size 160px, and batch size 16. Epoch is a hyperparameter that determines how many times the neural
network algorithm works through the entire dataset both forward and backward.
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Figure 14: Epoch Effect

Based on the test results as in Figure 14, epoch greatly affects the execution time of model
development. Where the more epochs applied, the higher the execution time required. This is due to the
increasing number of algorithm layers that must be passed by the dataset population. Meanwhile, the
number of epochs does not greatly affect GPU memory usage because in each epoch, the number of
dataset populations in each batch will always be the same. Meanwhile, the level of accuracy indicated
by precision and recall will have an impact on the increase in the number of epochs, although not too
significant, where the increase in accuracy occurs when the number of epochs increases from 25 to 50.
This is in line with research which shows that increasing epoch variations will affect the level of model
accuracy. Based on this, 50 epochs are used in developing the detection model.
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3) Effect of Image Size

The third stage focuses on measuring the effect of image size on the resulting model. Where other
configuration indicators are standardized by using the YOLOv5s model type, the number of epochs is
50, and the number of batch-sizes is 16.

Image-Size Performance Metrics
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Figure 15: Image Size

From the measurement results, it was found that image size greatly affects the GPU memory used,
as in Figure 15. Along with the increase in image size, the GPU memory used also increases. This is
because increasing the image size in image data means increasing the number of pixels in each data
sample. Meanwhile, increasing image size does not have much effect on execution time, because the
amount of data in each epoch does not change and the increase in execution time is only influenced by
the increase in the number of feature data due to the increase in image size. Meanwhile, increasing image
size increases the level of accuracy indicated by the precision and recall values, this occurs because the
validation and testing data used are 640px in size, according to explaining that the closer the image size
used in the model training process to the image size used for testing and validation, the more it will
affect the increase in accuracy value.

4) Influence of Computing Unit

The last test measures the influence of computing units on the resulting model, there are two types of
computing units including model processing using the Central Processing Unit (CPU) while the other
type utilizes multi-processor processing owned by the Graphic Processing Unit (GPU) / Multi-GPU
processing. While for the configuration indicator using the YOLOv5s model type, the number of epochs
is 300, the image-size is 640px, and the number of batch-sizes is 16.
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Figure 16: Computing Unit

Figure 16 shows that the performance of the computing unit on execution time is very influential.
This is because the number of processing units owned by the CPU in the computing environment setup
in this study is only 12 units with each unit having a speed of 2.6 GHz, in contrast to the multi-GPU unit
which utilizes 2048 CUDA cores with a speed of 1.057 GHz. This is in accordance with research by
(Reddy) showing that multi-GPU performance is much superior in terms of computing speed compared
to processing using the CPU. While the type of CPU processing unit does not use GPU memory, this is
because the processing results will be stored in Random Access Memory (RAM), while temporary data
storage will be stored in the memory cache located on the CPU. While the type of processing unit does
not affect the level of accuracy, this is because both on the CPU and GPU, as long as the configuration
indicators such as batch-size, number of epochs, type of model and image-size used are the same, they
will produce the same results. Based on this, this study will utilize GPU processing so that the computing
process takes place faster.

5) Smoking Activity Detection Model

Based on the tests that have been explained in the previous sub-chapter, the model creation is carried
out with configuration indicators with specifications including utilizing 16 batch sizes, with 50
processing epochs, utilizing an image size of 640px and a model with the YOLOV5s type.
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Figure 17: Analysis of the Model Making Process

(Source: Ma et al., 2022)
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The analysis of the model creation process is shown in Figure 17, where the graph shows how well
the resulting model predicts objects in the bounding box size. Where a lower box loss value indicates a
better accuracy value (Ma et al., 2022). Based on the graph, the box loss value decreases with the number
of epochs running, where the box loss in the last epoch against the training data has a value of 0.022307
as well as against the validation data with a value of 0.028557, this indicates a good level of accuracy.
While object loss is the confidence value of the existence of a missing object. The object loss value
decreases with the number of epochs running against the train data showing a value of 0.010121 as well
as against the validation data with a value of 0.010944 which indicates a good level of accuracy. While
cls loss measures the accuracy of predicting the correct object category in the bounding box. Where cls
loss against the train data shows a value of 0.0007255 as well as against the validation data with a value
of 0.0015502 which indicates a good level of accuracy. While the precision value is the proportion of
the relevant number that can be predicted from all relevant ones, the precision value increases along
with the number of epochs that take place, where the final precision value obtained is at a value of
0.90152. The graph of the confidence value against the precision value for each class is shown in Figure
18.
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Figure 18: Precision Value Curve for Each Class

Meanwhile, the recall value, which shows the ratio between true positive predictions and true positive
global data, shows an increase along with the number of epochs that occur, where the final recall value
is at 0.82878. The graph of confidence values against recall values for each class is shown in Figure 19.
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121



Development of CNN and YOLO Models to Detect Sumiati et al.
Smoking Violations of Cadets in the Environment
Politeknik Transportasi SDP Palembang

Meanwhile, the model has a Mean Average Precision (mAP) value reaching 0.89109, this shows that
the model that has been developed has a good level of accuracy in figure 20.
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Figure 20: Precision-recall Curve Value Curve for Each Class

(source: results from python program)

104"
.8
0.6
©.4 4
.2

.04,
1.0

o.o
0.6

-
o4

.2

reig

t
O v 58 CC

oo ol 10 oo 0's 10 oo G5 10 oo 6.5 10
= v width eight

Figure 21: Correlogram Diagram
(Source: Results from python program)

Based on the correlogram table, the Cigarette class label and the Cigarette Pack class label both have
a balanced data distribution, although the cigarette class tends to appear more often than the Cigarette
Pack class. Based on this graph, the data distribution in the two classes is good shows in figure 21 & 22.
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Figure 22: Distribution of Data Between Cigarette Labels and Cigarette Packs

(Source: Results from python program)

6) Confusion Matrix

There is True Positive (TP) which shows the results of correct data prediction with the correct actual
value. True Negative (TN) is the result of incorrect data prediction with the wrong actual data value.
While False Positive (FP) is the result of incorrect data prediction but the correct predicted result. While
False Negative (FN) shows precision and recall data. Next, precision is the proportion of relevant
quantities that can be controlled from all those selected. While recall is the proportion of the relevant
amount that can be controlled from all that is relevant. The data used is the result of predictions with test
data, how to determine the correct and incorrect classes using prediction looping so that the predicted
image will be entered into the prediction folder shows in figure 23 & 24.

Figure 23: The Effect of Number of Images Classes on CNN Accuracy

(Source: Results from python program)
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(Source: Results from python program)

7) Comparison of CNN, YOLO, and HOG Algorithms in the Analysis of their Respective
Advantages and Disadvantages

CNN has several advantages compared to YOLO and HOG, where CNN has a very good level of
accuracy in classifying images with a high level of accuracy, especially for complex tasks such as object
recognition and image segmentation compared to YOLO and HOG. In addition, CNN is more flexible
in its application to various types of computer vision tasks, from simple image classification to more
complex tasks such as object detection and segmentation. And has a very strong feature representation
of image data, which makes it very effective in pattern recognition tasks. While CNN has disadvantages
compared to HOG and YOLO where it takes a long time to train and requires large computing resources.
In addition, CNN also has high complexity which is difficult to understand and implement, and is less
efficient for real-time processing in figure 25 & 26 (Kalake et al., 2022).

While YOLO has high speed in detecting images in Real-Time, where YOLO is very fast in
processing images and producing detection results. In terms of architecture, YOLO is relatively simpler
compared to CNN, making it easier and more flexible to use. However, YOLO has disadvantages where
the accuracy obtained is smaller when using images with low sizes, and is sensitive to changes in image
scale.

Meanwhile, HOG has invariance to lighting changes, where HOG is quite robust to lighting changes
and simple geometric transformations compared to the two previous algorithms. In addition, HOG has
more efficient computation, HOG features can be calculated quickly, making it suitable for real-time
applications. And HOG can be combined with various classifiers, such as SVM or decision trees.
However, HOG is less robust for complex objects and HOG can be affected by noise in the image, which
can reduce detection performance. A comparison between CNN, YOLO and HOG algorithms is shown
in Table 5 & Table 6.

Table 5: Comparison of CNN, YOLO and HOG Algorithms

Feature CNN YOLO HOG
Accuracy High Medium Medium
Speed Slow Fast Fast
Complexity High Medium Low
Flexibility High High Medium
Application Classification, detection, segmentation Real-time detection Simple object detection
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Figure 26: YOLO + CNN Combined Results
(Source: Results from python program)
Table 6: YOLO + CNN Combined Results

PRECISION | 0.89285

RECALL 0.94339

Test Scenario | Number of CNN Classes 6 Faces of CNN Agortima + YOLO Number of Classes YOLO 2=
cigarettes and cigarette packs

(Source: Results from python program)

8) Potential Limitations or Challenges in Using CCTV Data to Detect Smoking Violations

Challenge in this research, where objects that resemble cigarettes such as pens, pencils, or straws that
have similar image attributes such as color, size and texture will be considered as cigarette objects.
Where the challenge in further research, is to formulate scenarios and algorithms that are more precise
and adaptive in processing CCTV data.
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4 Conclusion

This study utilizes video image data obtained from CCTV to monitor students in the Ministry of
Transportation State Senior High School environment. This study aims to apply the YOLO and CNN
algorithms to detect smoking activities of cadets on CCTV image data, and to test the accuracy level of
the YOLO and CNN models to detect smoking activities of cadets in the SDP Palembang Transportation
Polytechnic environment. The benefits of research in the scientific field by testing the accuracy level of
the model developed using the YOLO and CNN algorithms on CCTV image data. The results of the
study showed that the precision value increased along with the number of epochs that took place, where
the final precision value obtained was at a value of 0.90152, while the recall value showed 0.82878. The
CNN algorithm Recall value showed 0.9625, while the CNN algorithm Precision value showed 0.7349.
The HOG algorithm Precision value showed 0.86562, while the HOG algorithm Recall value showed
0.6715. The combined recall value of the CNN and YOLO algorithms showed 0.94339 while the
combined Precision value of the CNN and YOLO algorithms showed 0.89285. The model has a Mean
Average Precision (mAP) value of 0.89109, which indicates that the developed model has a good level
of accuracy.

Limitations and Future Directions

The next research plan is to develop an internet of things device in detecting violations of cadets in the
SDP Palembang Transportation Polytechnic Environment.
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