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Abstract: This article describes the implementation of the You Only Look Once (YOLO) detection
algorithm for the detection of returnable packaging. The method of creating an original dataset and
creating an augmented dataset is shown. The model was evaluated using mean Average Precision
(mAP), Flgcore, Precision, Recall, Average Intersection over Union (Average IoU) score, and Average
Loss. The training was conducted in four cycles, i.e., 6000, 8000, 10,000, and 20,000 max batches with
three different activation functions Mish, ReLU, and Linear (used in 6000 and 8000 max batches). The
influence train/test dataset ratio was also investigated. The conducted investigation showed that
variation of hyperparameters (activation function and max batch sizes) have a significant influence
on detection and classification accuracy with the best results obtained in the case of YOLO version 4
(YOLOV4) with the Mish activation function and max batch size of 20,000 that achieved the highest
mAP of 99.96% and lowest average error of 0.3643.

Keywords: artificial intelligence algorithms; automated system; convolutional neural network;
computer vision; YOLOV4

1. Introduction

Today, modern society produces a growing amount of waste which has a huge impact
on the environment. Some of the disposed waste materials can last in the environment for
long periods up to hundreds to even thousands of years (for example plastics) which can
cause significant impacts on animals and plants. Waste management is the most important
factor for reducing and preventing the possible impact of hazardous waste in nature. The
main reason is that every waste management system consists of actions such as collection,
transport, treatment, and disposal of waste, which results in a reduction of the waste
materials disposed of in nature [1]. Additionally, to reduce disposed waste in nature, along
with the waste management system, it is necessary to implement advanced computational
methods that, in combination with artificial intelligence (Al), significantly contribute to the
detection and classification of harmful waste.

Object detection has had a great impact in the field of computer vision tasks such as
image annotation [2], vehicle counting [3], activity recognition [4], face detection [5], etc., in
the past decade. It also has had an essential role in scene understanding, which gained a
high level of popularity in security, transportation, medical and military applications. In
addition to the above examples, it also has multiple applications: autonomous driving [6],
people detection in security [7], vehicle detection with Al in transportation [8], medical
feature detection in healthcare, and in waste management [9].

Over the last two decades, Al methods have gained momentum in offering alternative
computational approaches to solve solid waste management problems. In the case of the
detection and classification of recyclable waste, convolutional neural networks (CNN) were
mostly utilized.

Mao et al. [10] used the genetic algorithm (GA) for optimization of a fully connected
layer, DenseNet121 to improve the classification accuracy of the result ThrashNet [11]
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dataset which consists of 2527 images in six categories of waste (glass, paper, cardboard,
plastic, metal, and trash). From the obtained results, it was seen that the optimized
DenseNet121 achieved the highest accuracy of 99.6%. Adedeji and Wang [12] proposed the
intelligent waste material classification, which is based on ResNet-50 and support vector
machines (SVM) applied to TrashNet dataset [11]. ResNet-50 was used as a feature extractor
while the SVM was used to classify the waste into the specified groups, the obtained model
achieved an accuracy score of 87%. Bobulski and Kubanek [13] performed the plastic
waste classification using CNN on the following classes: polyethylene terephthalate, high-
density polyethylene, polypropylene, and polystyrene. Authors in the research created a
unique dataset, they also investigated the different configurations of CNN (15 and 23-layer
network), diverse image resolutions (120 x 120, and 227 x 227 pixels), and the influence of
different train/test dataset ratios (60:40 up to 90:10). The highest classification accuracy
was achieved in case of 23-layer CNN with the image resolution of 227 x 227 pixels
of 99.23% at train/test ratio 90:10. Shi et al. [14] proposed the multi-layer hybrid CNN
(similar to VggNet with fewer parameters and higher classification accuracy) and tested on
TrashNet [11] dataset, for intelligent waste classification to overcome the low classification
accuracy and long running times of the majority of CNN-s. In this investigation, the
highest classification accuracy achieved was 92.6%. The SVM along with Histogram of
Oriented Gradient (HOG) features CNN, and ResNet50 CNN [15] were applied to publicly
available waste dataset from Kaggle [16]. The goal was to identify a single object in images
and classify it into one of the given categories (cardboard, glass, metal, paper, plastic,
and trash). The highest accuracy score was 95.35% and it was achieved using ResNet50
architecture. On the original dataset Altikat et al. [17] applied the four and five-layer
deep CNN for classifying the paper, glass, plastic, and organic waste. The investigation
showed that the highest classification accuracy of 83% and 76.7% was achieved in the
case of organic waste with four and five-layered deep CNN, respectively. In the last few
years, the YOLO algorithm has been increasingly used in the detection and classification of
non-biodegradable waste. Aishwarya et al. [18] applied the YOLO algorithm to detect non-
biodegradable waste from the bins. Classification accuracy was faulty and imprecise with
the results of 75% for metal, 65% for plastic, and 60% for glass. Wahyutama and Hwang [19]
reported the development of a smart trash bin that separates and collects trash recyclables
using a webcam and YOLO algorithm where the classification accuracy of recyclables using
YOLO was 91% in an optimal computing environment and 75% when implemented on
Raspberry Pi. Lin [20] used the YOLO-Green object detection algorithm for detecting trash
in real time. In this paper, the original dataset was developed from real-world trash divided
into seven types of solid waste (batteries, clothes, electronic waste, glass, metal, paper, and
plastic). The YOLO-Green achieved a classification accuracy of 78.04%. The YOLO-based
neural network model with variational autoencoder was employed for automatic detection
and classification of recycling waste [21]. The highest classification accuracy was 69.7%.
The superiority of the YOLO algorithm compared to other detection algorithms
can be demonstrated by additional research and applications in practice. For example,
Kim et al. [22] trained YOLOV4, Single Shot MultiBox Detector (55D), and Faster-Region
Based Convolutional Neural Networks (Faster-RCNN) for the detection and classification
of vehicle models. The obtained results showed that the YOLOV4 algorithm has had the
best performance (mAP in the amount of 98.19% and FPS in the amount of 82.1). SSD
proved to be the fastest (FPS in the amount of 105.14), but the problem comes from the
simplified light model (Mobilnet- lightweight model) which frequently failed to detect a
vehicle. Faster-RCNN turned out to be the slowest model (FPS in the amount of 36.32),
although it was slightly less accurate (mAP valued at 93.40%) than YOLOV4, due to its
detection speed it was unable to perform the given task. According to [21], YOLO can
be applied as an algorithm for an automatic waste recycling system. The authors trained
the modified YOLO (YOLO with variational Autoencoder) and Fast R-CNN model on a
custom-made dataset consisting of cans, batteries, and plastic bottles. The obtained results
prove that the modified YOLO model with a prediction accuracy rate of 69.70% and a
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localization rate of 22.10% again outperforms the competitive Fast R-CNN with an accuracy
rate of 71.60% and a localization rate of 8.60%. In the paper, ref. [23] Al-controlled Outdoor
Autonomous Trash-Collecting Robot was used for underwater garbage collection. Several
object detection algorithms (Mask-RCNN, YOLOV4, and YOLOV4-tiny) were compared
and tested for the outdoor waste detection and classification task. The obtained results were
evaluated with the best map and the detection time where YOLOV4 and YOLOV4-tiny
outperformed the Mask-RCNN in the detection and localization of outdoor trash. YOLOV4
and YOLOV4-Tiny achieved the best mAP of 99.32% and 95.25% with a detection speed
of 32.76 and 5.21 ms, while the Mask-RCNN barely achieved the best mAP of 89.10% and
had a very slow detection time in the amount of 3973.29 ms. One of the important factors
when choosing the optimal algorithm for implementation in an automatic system is the
memory of the model itself. Tian et al. [24] trained Faster R-CNN, 45-YOLOv4, YOLOv4,
YOLOV3, SSD, and 4SP-YOLOV4, on a dataset consisting of 6600 images of underwater
garbage. The obtained results show that 4SP YOLO requires significantly less memory for
obtaining weight factors than Faster R-CNN or SSD. In this particular case, 4SP YOLO
requires 10% less memory than SSD and up to 10° times less memory than Faster R-CNN.
This fact gives the possibility of implementing the YOLO detection algorithm to a printed
circuit board-based microcontrollers such as Raspberry Pi, CaffeLatte, etc.

The goal of this paper is to examine the YOLOV4 algorithm and achieve the optimal
performance by varying activation function and max batch size hyperparameters on a
custom-made, three-class (plastic, glass, and aluminum) dataset that contains 3788 images
(2838 original images and 950 downloaded from Kaggle [25]). Based on the idea of this in-
vestigation and the extensive literature overview, the following hypotheses questions arise:

¢ Isit possible to achieve high classification accuracy with the YOLOV4 algorithm?

e Isit possible to improve classification accuracy by tweaking the specific hyperparame-
ters (max batch size and activation function) of the YOLOV4 algorithm?

*  Does the train/test dataset ratio has any influence on YOLOV4 classification accuracy?

The structure of this paper can be divided into the following sections, i.e., Materials
and Methods, Results and Discussion, and Conclusions. In Materials and Methods, the
dataset description is given as well as the YOLOV4 algorithm and evaluation methods.
In Results and Discussion, the results of the trained YOLOV4 algorithm with different
hyperparameters are presented as well as discussed. The conclusions section contains a list
of conclusions obtained during this investigation that is based on the results and discussion
section and provides direct answers to the hypotheses defined in the Introduction section.

2. Materials and Methods

In this section, the procedure of dataset development is described, as well as the
utilized YOLOV4 algorithm. The first step for training the YOLOV4 algorithm was to
create a diverse and equally distributed dataset. With this fact, the description of creating a
dataset can be summarized in the following steps:

e gathering of original images of returnable packaging,

¢  combination of original images to those obtained from Kaggle,

¢  performing the dataset augmentation to enlarge the number of images to get as many
combinations as possible combinations for training, testing, and validation set,

* labeling the bounding boxes for determination of objects inside of selected image in
YOLOV4 compatible format, and

*  testing the video camera detection in real-time to check the operation of the designed
detection algorithm.

The procedure of collecting original images of returnable packaging such as plastic,
glass, and aluminum bottles/cans is described in the following subsection.
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2.1. Dataset Description and Preparation

The data collection strategy over the life of the service/product is essential for the
development of a successful project [26] and it cannot be a series of one-off exercises. Every
time a user comes in contact with a desired product or service, it would be desirable to
collect data from the interaction [27] to gain a constant flow of data to improve prod-
ucts/programs. Upon reaching that level of data collection, each new customer contributes
to the size and diversity of the newly created dataset while the advantage of building
this strategy and collecting data is that it becomes difficult for competitors to practically
replicate the dataset used in these projects [28]. With larger and more up-to-date data the
Al becomes better and much more valuable and because of that the first step was to collect,
an original unprocessed packaging is shown in Figure 1. As already stated the part of the
dataset was photographed in its natural form, without any processing. These images were
created in three steps: Initially, the packaging was photographed without modifications
to its original forms. After that, thermal and mechanical processing was applied to obtain
different images. Finally, multiple packaging objects, in both processed and unprocessed
form were grouped and photographed. It should be noted that the packaging was empty,
i.e., did not contain any liquid. The packaging was photographed in several positions:
upright, lying down, rotated, or shifted concerning the original position, which contributed
to possible conditions during the detection.

Figure 1. An example of the unprocessed dataset.

To expand the dataset, the mechanical and thermal loading on plastic and aluminum
packaging was applied to change their shape. The glass packaging could not undergo such
modification since it is a hard and brittle material and would shatter under mechanical
loading or would crack at higher temperatures. The application of such external loading on
packaging greatly increased the dataset size as well as its quality. Additional improvement
of dataset quality was conducted by photographing a group of packaging. The examples
of packaging deformed by the application of thermal loading, mechanical loading, and a
group of all three are shown in Figure 2.

Figure 2. Physical transformation actions performed on the dataset.

All the photographs in the dataset are grey-scale because they have small memory size
images that have fewer characteristics that can affect the training of YOLOV4 CNN [29,30].
When creating the original dataset, it is important to pay attention that it should be as
diverse as possible [31] so that the ML algorithm has plenty different learning examples as
possible [32]. The initial dataset consists of 2838 photographs with an additional 950 which
are downloaded from Kaggle [25].
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The dataset is not sufficient to develop a good Al model [33] and to enlarge it the data
augmentation was performed [34,35]. The methods of geometric augmentation [36] that
were used are rotation, blurring, flipping, translating, and zooming (scaling) shown in
Figure 3.

Figure 3. Geometric image augmentation for the expansion of the dataset.

The whole dataset collection was performed using OpenCV [37] library in Python
programming language. The number of original images, augmented images, and total
images in the dataset is presented in Table 1.

Table 1. Dataset used in training YOLOV4 algorithm.

Class Type of Number of Number of Number of
Packaging Original Images Augmented Images Total Images

1 Plastic 1003 869 1872

2 Glass 1224 600 1824

3 Aluminum 611 694 1205

In Table 1 the number of original, augmented and total images for each class (plastic,
glass, and aluminum) is shown. From the number of original images per class, it can be seen
that the dataset was not perfectly balanced [38]. The augmentation was used to compensate
for the dataset imbalance and improve its quality [39]. After the original dataset was
obtained and augmentation performed the next step was labeling the bounding boxes for
the YOLOV4 algorithm using Visual Object Tagging Tool (VoTT) [40]. The marking of
masks, i.e., border frames for a single image is shown in Figure 4.

Aluminum

Figure 4. Labeling boundary boxes of a single image using VoTT software.
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The dataset must be well-prepared [41] for the algorithm to have the best examples
available for training, i.e., learning, so the important thing while labeling the dataset
was being careful to gather as much vital information as possible and to avoid labeling
unnecessary elements [42]. Correct and incorrect labeling of bounding boxes is shown in
Figure 5.

(a) (b)

Figure 5. Labeling the dataset (a) correct way, (b) the incorrect way.

In Figure 5, the correct (Figure 5a) and incorrect (Figure 5b) labeling of bounding
boxes is shown. Incorrect labeling of bounding boxes (Figure 5b) shows that additional
elements such as an empty workspace surface were taken into account during labeling or
an unnecessa ry additional element which of course, affects the training of the YOLOV4
algorithm and overall detection. After exporting the VOoTT file, the corresponding TXT file
is obtained which is shown in Table 2. Each row consists of columns in which each row
column denotes a particular property: the first row of the column indicates the image class
defined in the VoTT software, and the second and third denote the center of the object along
the x and y axes, fourth and fifth denote the width and height of the element [43]. With
the successful completion of these actions, the dataset is prepared for training the machine
learning algorithm.

Table 2. Example of YOLOV4 annotations for Figure 5a TXT file.

Class X Center Y Center Width Height
1 0.2855 0.8367 0.2593 0.2282
1 0.5844 0.6422 0.2765 0.2217
1 0.6008 0.3644 0.1949 0.2619
1 0.2977 0.3014 0.2495 0.2511

2.2. Description of Methods

YOLOV4 is the most advanced detection algorithm with a real-time object recognition
system that can recognize multiple objects in a single frame [44]. It uses a completely
different approach from previous detection systems where it applies one neural network to
the whole frame, i.e., the image, and then the neural network divides the image into regions
and predicts the boundary frames which then calculates the probability for each possible
region, i.e., class of objects. According to [44], the basic idea of the YOLOV4 algorithm
is the division of input data into a matrix of a certain dimension by which each matrix
address is responsible for predicting objects within the center of that cell where then for
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every object that algorithm can detect, the probability coefficient is calculated visible from
Figure 6.

Bounding boxes and cenfidence

|é*ﬁ - B | Ql" P

S x S grid on input

Final detections

Class probability map

Figure 6. An illustration of YOLOV4-based object detection.

As seen in Figure 6, each matrix provides boundary frameworks and calculates a
reliability estimate for the corresponding framework. After the reliability estimate is
calculated the reliability score is determined which shows how secure the model is and that
the frame contains the object [45]. This type of detection algorithm has several advantages:
it can recognize several objects in one frame [46], during testing the entire image frame is
reviewed so that predictions are based on the global image context and it also provides
predictions with a single evaluation of the network as unlikely similar methods such
as R-CNN which require thousands of examples of a single image [47,48]. Due to the
aforementioned properties, the YOLOV4 algorithm is extremely fast even up to a thousand
times faster than R-CNN, and up to a hundred times faster, than Fast R-CNN [49]. The
YOLOV4 design allows end-to-end training and real-time speed while maintaining high
average accuracy [50] and its flow chart can be seen in Figure 7.

Training and uning pretrained N
- classification using DarkNet53 YOLOv4
Image input DarkNet 53 on arhitecture for (weights generation)
custom dataset recyclabe packagmg

Process of predicting

bounding boxes

Satisfactory
height and width
requirement of the
bounding box

Determining larger Non-max Determining smaller
™ ; *] boxes
boxes suppression

Detection box

Figure 7. Diagram of the YOLOV4 algorithm applied for the detection of recyclable packaging.

The process starts with taking an image from the COCO dataset or custom-labeled
dataset where the trained weights are pre-trained so it is necessary to update and adjust,
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i.e., fine-tune the weights then the process of predicting bounding boxes begins, which
results in large boxes and small boxes where the Non-Max Suppression (NMS) procedure
obtains the main box that at the end of detection is the result itself [51,52]. NMS is defined
as a local maximum where the local maximum is greater than all of its neighbors except
himself. For some n neighborhood, any pixel consists of 1-D case, i.e., n pixel left and
right and in the case of the square region, it must be centered around the pixel under
consideration. NMS consists of several computer vision algorithms [53], some of them
are the measure of the selected point in the whole image, and even the entire scale space,
and then the local maximum is selected. Efficiency is a major feature in its applications
and the only competitor to NMS is the Maximum filter [54] which calculates the value
of each pixel of each neighbor, where the process is much slower than NMS. Given the
maximum filter response in each pixel, NMS reduces additional comparative values of each
pixel with the largest neighbor. After training the YOLOV4, it is necessary to evaluate the
obtained results. There are several suitable metrics, but the most important and generally
accepted metrics are mAP and IoU. Using these metrics, the algorithm calculates a reliability
coefficient ranging from 0 to 1, i.e., from 0% to 100% confidence that the predicted class
from final detection is accurate and true. Depending on the results, it is necessary to either
additionally train the algorithm or adjust training parameters to obtain better and more
accurate results.

2.3. YOLOV4 Limitations and Accuracy Measures

Although YOLOV4 seems to be the best algorithm for detecting application objects, it
is essential to pay attention to a few problems and limitations that can occur along the way.
The detection algorithm has problems separating small objects in images that appear in
groups, although the fourth version of the YOLOV4 has been improved a lot compared to
its predecessors [55]. The reason for this is that each neural network is limited to detecting
an individual object [22] therefore, the above detection algorithm makes it difficult to detect
and localize small objects that are naturally found in group images. IoU is one of the
significant metrics needed to measure the accuracy and localization of objects in a frame
which can be calculated by finding the area that intersects between the limit frame for a
particular prediction and the assumed accuracy limits of that area first taken. The total
area covered by these two boundary frames (Union), is then calculated. The intersection
divided by the union gives the ratio of the overlap to the total area, which gives a relatively
good estimate of how close the boundary frame is to the source prediction, and then after
the defined terms, IoU [56-58] can be calculated as Equation (1), where A is the area of
prediction box and B is the area of target box:

AN B
AU B

IoU = 1)

In Equation (1), the numerator represents the calculation of the intersection/overlap
area between the predicted boundary box [59] and the ground-truth bounding box [60]
while the Union represents the total union between them. The IoU is in a range from 0 to
100 and the closer the value is to 100 the better it is, as shown in Figure 8.

IoU =27.54 IoU =50.02 IoU =98.41

Figure 8. Different types of IoU values.



Appl. Sci. 2022,12,11131

9 of 34

Accuracy is measured with an evaluation metric mAP, which measures in what
percentage the algorithm predicted the object from all individual classes correctly and
it is expressed in percentages that go from 0% to 100%. The mathematical description of
mAP can be represented by Equation (2). Where the AP; is the average Precision of the
classes and the #n is the number of classes [61].

1k:n
mAP = — APy. 2
”k; k ()

The Precision determines how accurate your model is and it can be calculated with

the expression [62]:
TP

TP + FP’ @)
The recall is a measure that shows how many times the model finds all the positive
cases while training Recall [62] and can be calculated with:

Precision =

TP

Recall = m .

4
Finally, the Flscore is an evaluation metric that measures models accuracy in combina-
tion with Recall and Precision [63] and can be calculated with the expression:

Recall x Precision
F1 =2
score % Recall + Precision ’ ©®)

where:

¢  TP—True Positive predictions,
e  FP—False Positive predictions, and
e  FN—False Negative predictions.

YOLOV4 has intrusive spatial constraints in terms of bounding box predictions hence
each grid cell can only predict two possible boxes and can only have one unique class. This
constraint can limit the number of objects that the model can predict. A model can struggle
with small objects that appear in groups such as a flock of birds or a group of ants [64].

Configuration, Setup, and Hyper-Parameters Used for YOLOV4 Project

Before training the YOLOV4 algorithm, it was necessary to define a few configuration
files within the YOLOV4 folder. Data folder obj.data contains some vital information where
in several lines is described the number of classes that the algorithm must train, the location
of the train.txt file that is separated from the total dataset for neural network training, the
location of obj.names that containing class names, and test.txt which is used to check or
test the neural network. Folders train.txt and test.txt can vary depending on the division of
the total dataset into a train set and a test set in the process.py python script. Given that a
relatively small set of data was used in this research it was necessary to change a train/test
ratio in python script proces.py to get better results. After configuring the above files, the
next step was to configure the yolov4-custom.cfg file, which defines max batch size, and
set this parameter the total number of training examples present in one series, batch, and
subdivision which determines how many images can be processed in parallel, learning
rate, etc. All changed hyperparameters (max batch size, activation functions) and train/test
dataset ratios are listed in Table 3. By changing, hyperparameters and train/test ratios the
results of the evaluation metrics were changed.

As seen from Table 3 there are three activation functions used, i.e., ReLU, Mish, and
Linear. Several max batch sizes—6000, 8000, and 10,000—were used for each activation
function. However, an additional max batch size of 20,000 was used with the Mish and
ReLU activation functions. Due to the relatively small dataset train/test, the ratio has
been modified with the most common used train/test ratios that are: 70/30, 75/25, and
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80/20 [65]. These ratios were chosen due to the structure, more specifically, the size, of the
dataset. Given that it is a small dataset, by choosing a training set ratio greater than 80% or
less than 70%, there is a very high probability of overfitting, which is most recommended
to be avoided. Another reason the authors used this range of the training dataset (70-80%)
is that it is the most commonly used range [66].

Table 3. Variation of YOLOV4 algorithm hyperparameters and the size of train/test dataset ratio.

No. Max ACtlva?wn Tram/.T est No. Max Batches Activation Function Train/Test Ratio
Batches Function Ratio
1 Linear 19 ReLU
. 70/30
2 ReLU 70/30 20 Mish
3 Mish 21 ReLU
4 Linear 22 10,000 Mish 75/25
5 6000 ReLU 75/25 23 ReLU
e e
6 Mish 24 Mish 80/20
7 Linear 25 ReLU
. 70/30
8 ReLU 80,20 26 Mish
9 Mish 27 20,000 ReLU 7525
10 Linear 28 Mish
11 ReLU 70/30 29 ReLU
12 Mish 30 Mish 80/20
13 Linear
14 8000 ReLU 75/25
15 Mish
16 Linear
17 ReLU 80/20
18 Mish

After the training with specific parameters that have been changed in the configuration
file a certain loss [67] occurred as in the expression:

s> B
bj 5 N
€ :)‘coord Z Z“AZ‘] {(xi - xi)z + (yi - yi)z}
i=0j=0
2
2 bj ~—\ 2 »
+Acoord Zf:o 2}320“42'] [(\/ Wi — v wi) =+ < hi — \/hj) ] (6)
2 bi A2
+ X0 Lok (G - )
2 bj A2
+Anoobj Z?:O Z]B:() H{}OO ) (Ci - Ci)
2 bj ~ 2
""_Zz'S:OHA? ) Zce classes (pl(c) — Pi C)) ’
where:
* xand y-coordinates of a particular grid in offset in a range from 0 to 1,
®  Acoord and Anoop; indicates parameters for increasing the loss value of bounding box
coordinates while predicting and decreasing the loss value of confidence predictions
bounding boxes that does not appear to contain any objects,
. H‘?b] indicates whether the object appears in cell i and

. H‘?.b ) indicates that the j-th predictor of the boundary frame in the cell is “responsible”
for that prediction.
Notably, the loss function can only penalize the classification error if the represented
object is in that specific network cell. Unnecessary problems can possibly occur, so it is
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recommended to use the value of Aoorq = 5 and Apgopy = 0.5 [67]. Sum squared error can
be also equal to errors in big boxes and small boxes; however, given error metrics should
directly reflect on small deviations in big boxes and they matter less than in small boxes.
To avoid this problem and confusion bounding boxes for predicting square root error are
partially calculated instead of measuring the width and height of boxes directly. YOLOV4
can predict more than one bounding box per fully calculated grid cell. While training, it is
necessary to assign a predictor tool that has the task mainly responsible for predicting an
object based on its highest loU with its ground truth. Each possible predictor gets better
and it is improving in predicting certain aspects such as size, aspect ratio, or even class of
the object shown with expression (6) [67].

3. Results and Discussion

In this section, the results of the investigation on the influence of YOLOV4 hyperpa-
rameters (max batch size, and activation functions) and train/test ratios on classification
accuracy are presented using mAP, Average IoU, Flg.re, Precision, and Recall metrics.
Combinations of hyperparameters and train/test ratios are shown in Table 3 and the key
points during the training of the YOLOV4 algorithm are described. In addition, the average
loss charts during training and the metric evaluation of the trained model are available
in the Appendixes A-D section. The Appendix subsection consists of four categories and
three subcategories, while the categories represent each training cycle of 6000, 8000, 10,000,
and 20,000 max batch size, and the subcategories represent the Linear ReLU and Mish
activation functions. The final table of evaluation metrics can be seen in Tables 4 and 5.

Table 4. Overall overview of the results obtained through this research for first two cycles.

Max Batches 6000
Activation Function Linear ReLu Mish
Train/test ratio 70/30 75/25 80/20 70/30 75/25 80/20 70/30 75/25 80/20
mAP 60.18% 59.85% 59.11% 93.12% 94.17% 94.16% 94.25% 93.25% 92.26%
Flscore 0.52 0.48 0.47 0.87 0.85 0.81 0.86 0.84 0.83
Average IoU 29.98% 28.82% 28.14% 62.18% 60.49% 58.21% 61.52% 60.77% 59.98%
Precision 0.44 0.41 0.40 0.84 0.79 0.75 0.81 0.78 0.76
Recall 0.64 0.59 0.58 0.92 0.92 0.90 0.93 0.92 0.92
Average Loss 2.6178 2.4873 2.4285 1.1888 1.1897 1.2689 1.1770 1.2203 1.2406
Max Batches 8000
Activation Function Linear ReLu Mish
Train/test ratio 70/30 75/25 80/20 70/30 75/25 80/20 70/30 75/25 80/20
mAP 94.51% 93.17% 91.27% 99.77% 96.17% 95.93% 99.71% 99.70% 99.65%
Flscore 0.59 0.70 0.76 0.98 0.97 0.97 0.98 0.97 0.98
Average IoU 60.11% 57.15% 52.27% 80.75% 78.12% 77.63% 79.80% 81.24% 81.25%
Precision 0.53 0.64 0.72 0.97 0.97 0.96 0.98 0.97 0.97
Recall 0.69 0.79 0.80 0.99 0.98 0.99 0.99 0.99 0.99
Average Loss 1.8411 1.7828 2.0389 0.9096 0.8660 0.9215 0.9443 0.9091 0.9145
3.1. Results

As previously stated, the obtained results are classified into four cycles. Based on
the obtained results, it is evident that during the first 1200 iterations the loss curve has a
higher value and it is greater than 2000. When reaching the 1200th iteration, there is a rapid
reduction of the average loss curve until the 1800th iteration. From that moment on, the loss
curve drops linearly until the final iteration. In the last defined iteration of training, the final
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value of the average loss is obtained, shown in Tables 4 and 5. The above analysis refers
to all trained models of this research. Appendix A represents the average loss charts for
6000, Appendix B for 8000, Appendix C for 10,000, and Appendix D for 20,000 max batches.
Appendixes A.1 and B.1 represents Linear activation function. Appendixes A.2, B.2, C.1
and D.1 represents ReLU. The final Mish activation function represents Appendixes A.3,
B.3, C.2 and D.2 appendix subsections.

Table 5. Overall overview of the results obtained through this research for the third and fourth
training cycle.

Max Batches 10,000

Activation Function Linear ReLu Mish
Train/test ratio 70/30 75/25 80/20 70/30 75/25 80/20 70/30 75/25 80/20
mAP / / / 99.90% 99.90% 99.77% 99.84% 99.83% 99.81%
Flscore / / / 099 099 098 099 099 0.99
Average IoU / / / 84.14% 84.59% 83.41% 83.44% 83.59% 83.33%
Precision / / / 0.98 0.99 0.98 0.99 0.99 0.98
Recall / / / 1.00 1.00 1.00 1.00 0.99 1.00
Average Loss / / / 0.6320 0.6951 0.6862 0.6945 0.6809 0.6500
Max Batches 20,000

Activation Function Linear ReLu Mish
Train/test ratio 70/30 75/25 80/20 70/30 75/25 80/20 70/30 75/25 80/20
mAP / / / 88.33% 88.60% 89.08% 89.92% 99.96% 99.94%

0.86 0.86 0.87 0.87 1.00 1.00
84.41% 86.68% 83.90% 82.73% 91.13% 91.06%

Flscore /
/
/ 0.95 0.96 0.94 0.93 1.00 1.00
/
/

Average IoU

Precision

Recall

0.75 0.79 0.80 0.81 1.00 1.00
0.9219 0.8496 0.7914 0.8598 0.3643 0.3400

NN N YN
NN SN YN S

Average Loss

The results of the first and second training cycles, i.e., are given in Table 4. Linear,
ReLU, and Mish activation functions were used in 70/30,75/25, and 80/20 train/test ratios.
All models were evaluated with mAP, Flsore, Average IoU, Precision, Recall, and Average
loss metrics.

In the first part of the first training cycle for the Linear activation function with 70/30,
75/25, and 80/20 train test ratios, the following results were obtained: mAP was between
59.11% and 60.18%, Fls.ore Was in a range between 0.47 and 0.52, Average IoU varied
between 28.1% and 29.98%, the Precision score was between 0.40 and 0.44 while the Recall
and Average loss in between 0.58 and 0.64 and 2.4285 and 2.6178. Progress in obtaining the
final amount of Average loss can be seen in the Loss charts given in Appendix A.1.

The second part of the first training cycle for ReLU activation function evaluation
metrics is changed for all tree train/test ratios. The mAP was between 94.16% and 95.12%,
the Flgcore was between 0.81 and 0.87, while the Precision and Recall had similar values
where the minimum value was 0.75 and the maximum was 0.93, the best Average IoU is
62.18% and the worst 58.21%. The Average loss did not change a lot and it was between
1.18 and 1.26. Charts of Average loss are presented in Appendix A.2.

In the third part of the first cycle for the Mish activation function, the following results
peak values are the following: mAP value of 94.25%, Flsore 0f 0.86, Average IoU 61.52%,
Precision 0.81, Recall 0.93 and Average loss in the amount of 1.2489. As in the previous two
parts, average loss charts can be seen in Appendix A.3.
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For the fourth and fifth, parts of the second training cycle, the results of the obtained
models are slightly better than in the first three parts. The maximum mAP value is 99.77%
in favor of the ReLU activation function, while the minimum value is 91.27% in favor of
the Linear activation function. The maximum value of the Flg.oe Was on several occasions
0.97 for the ReLU and Mish activation functions, which was also the peak value, while the
minimum value was 0.59 for the Linear activation function. Charts of the training process
can be seen in Appendix C in Appendixes C.1 and C.2.

The results of the third and fourth training cycles, i.e., 10,000 and 20,000 max batch
size are given in Table 5. The Linear activation function is eliminated because of poor
performance from the previous investigation. As in the last case, each training cycle of
this research was conducted using the previous three train/test ratios. In the last training
cycle, it is evident that the lowest average loss results were obtained compared to other
training cycles. The results of mAP vary between 88.33% and 99.96%, the highest Flscore
was 1.00 while the lowest was 0.86. Both Precision and Recall ranged between 0.79 and 1.
The highest score achieved for the Average IoU was 91.13%. The whole training process
and average loss curve for the last two training cycles can be seen in Appendix D. The
training process for the Relu activation function is shown in Appendix D.1 and for Mish in
Appendix D.2.

3.2. Discussion

As seen from Tables 4 and 5 the entire investigation conducted in this paper can be
divided into four different cycles based on max batch sizes, i.e., 6000, 8000, 10,000, and
20,000. The first cycle had 6000 batches with different activation functions and different
train/test ratios. The ReLU activation function with a 75/25 ratio had the best performance
in this cycle as well it had a low average loss and the best mAP percentage score.

In the second cycle of training again ReLU activation function was the best but Mish
was close with its performance and metrics while in the third cycle only Mish and ReLU
activation functions were evaluated. The main reason for that is because they outperformed
the Linear activation function and there is no need to waste time on training the YOLOV4
algorithm with under-performed hyperparameters. In the third cycle, ReLU is not an
absolute choice because the only thing that was better while using the Mish activation
function is average loss. Referring to Table 5 it is visible in row Average loss that Mish is
slightly better than ReLU but still, these metrics are not good enough for implementation
in real situations.

In the last training cycle, the ReLu and Mish activation functions were re-evaluated
for all three train test ratios. All of the metrics are higher, which contributes to the very
detection of returnable packaging. A possible explanation for this is the Mish activation
function has a low operating cost with a variety of properties and smooth, non-monotonic
nature. It is unbounded above and bounded below that means it can avoid saturation
which can cause the training to slow down. That results in more flexibility while training
the algorithm and improving it [68]. The training of the algorithm was stopped at the
moment when the average losses were no longer decreasing.

Looking at the fourth cycle it can be noticed that with the Mish activation function in
the 75/25 train/test ratio gets outstanding results. The mAP is nearly 100%, the Flgcore is
1.00 and the Average IoU is 91.13%. The only thing that can be improved is to minimize
the Average loss which is at this moment 0.3643, but there is a risk to Overfit detection
algorithm model. At this moment while testing the trained detector if the thresh is put
below 0.85%, the algorithm could detect wrong which is not preferable. A Linear activation
function is the worst by all means while training this detection algorithm, it is not flexible
as Mish and it has poor quality as shown in Table 4. By statistics, the ReLU activation
function is the best but further analysis is needed to explore all possibilities while training
the YOLOV4 algorithm.

Based on the values shown in Tables 4 and 5, it can be seen that the train/test ratio has
slight or no influence on the classification accuracy when compared to two hyperparameters
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(max batch size and activation functions). Obtained weights from the YOLOV4 model were
tested with new input images that previously did not belong to the initial dataset used in
this investigation. The testing was conducted using a web camera, where the percentage
of reliability varied depending on the object location or angle of the camera visible from
Figures 9-12.

Figure 9. Results of YOLOV4 detection, for glass packaging using web cam.

Detection results for glass packaging are shown on Figure 9. It is visible that the
YOLOV4 algorithm perfectly detects and classifies the given object. It is also visible a high
coefficient of reliability for every object in the image. Plastic packaging detection results
are shown in Figure 10 where it can be seen that the YOLOV4 algorithm perfectly detects
and classifies plastic packaging with a high coefficient of reliability on every object on
the image.

Figure 10. Results of YOLOV4 detection, for plastic packaging using web cam.

Aluminum packaging detection can be seen on Figure 11. As previous 2 classes, it is
again visible that YOLOV4 perfectly detects and classifies the aluminum class of packaging.

Figure 11. Results of YOLOV4 detection, for aluminum packaging using web cam.
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The last given example of detection is a mix of all 3 classes together on the same spot
as shown in Figure 12. The trained model of the YOLOV4 algorithm detects all returnable
packaging with a high coefficient of reliability.

Figure 12. Results of YOLOV4 detection, for mixed packaging using web cam.

4. Conclusions

This paper presents a detection algorithm for returnable packaging recycling. The
method of creating a dataset, marking bounding boxes, and what to pay attention to while
compiling the dataset is shown. In addition, the method of training the desired algorithm is
shown, as settings that are used with its corresponding files, and the overall configuration is
shown. Toward the end of the paper, the results are presented and the differences between
each training cycle are explained. Quality results can be achieved through the use of AL
For example, by using CNN, it is possible to achieve high-quality detection algorithms. In
this case, YOLOV4 gives almost perfect results. So the answers to the hypotheses defined
in the introduction section are:

e The YOLOV4 algorithm can achieve high classification accuracy in process of detection
and classification of returnable packaging; however, the tuning process of YOLOV4
algorithm hyperparameters must be performed.

*  The classification accuracy was improved by tuning just two hyperparameters: max
batch size, and type of activation function used in the YOLOV4 algorithm. The
investigation showed that max batch size has a greater influence than the type of
activation function.

*  The train/test dataset ratio did not have a notable influence on classification accuracy
for a couple of reasons. The first reason is that the values of train/test ratios were
the same as those ratios that are commonly used in other research papers. The
lower size of the training dataset size would cause a weakly trained YOLOV4 model,
while the higher size of the training dataset could cause potential overfitting of the
YOLOV4 model.

This paper shows different properties of the neural networks, in this case, it can be
seen that by changing the hyperparameters such as max batch size, and activation function,
different results can be achieved. The quality indicators of the trained algorithm were mAP,
Average loss, and Average IoU, whereby YOLOV4 at 20,000 batches in train/test ratio of
75/25 with Mish activation function shows the flexibility of data processing and gives great
results. The worst example of this work is the use of the Linear activation function which
shows the worst results in all training cycles. ReLU and Mish show outstanding results,
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but in this case, Mish prevails because of the computational properties, training speed, and
data processing flexibility which has a greater application than the ReLU or Leaky ReLU
activation function. These results are shown in Tables 4 and 5, in which in the last training
cycle YOLOV4 achieves results of mAP 99.96%, Flscore 1.00 Average IoU 91.13%, and the
Precision and Recall of 1.00, which is almost perfect considering the possible threat of the
overfitting problem. The main contribution of this paper concerns the selection of different
activation functions. The YOLOV4 detection algorithm uses the basic Mish activation
function, which achieves superior properties however, the ReLU function has different
computational properties than Mish. For this reason, it is not recommended to reject the
ReLU activation function, because, for a different type of dataset, it is most likely that
ReLU can surpass the results that are normally obtained using the default Mish activation
function. Also, the importance of this paper is in devising innovative ideas that could
accelerate the recycling process of recyclable materials/packaging. The problems of global
climate change are visible in several aspects and future life must prevent natural disasters.
Although the results are practically perfect, it is necessary to devote further research related
to changing the YOLOV4 hyperparameters or YOLOV4 architecture to achieve even better
and more accurate results.
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Appendix A

In this part of the Appendix section, training charts of the YOLOV4 algorithm model
for 6000 max batches are attached, each sub-section represents a single activation function
for all three train/test ratios.
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Figure A1. Average loss curve for 6000 max batches 70/30 train/test ratio for Linear activation function.
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Figure A2. Average loss curve for 6000 max batches 75/25 train/test ratio for Linear activation function.
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Figure A3. Average loss curve for 6000 max batches 80/20 train/test ratio for Linear activation function.
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Figure A4. Average loss curve for 6000 max batches 70/30 train/test ratio for ReLU activation function.
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Figure A5. Average loss curve for 6000 max batches 75/25 train/test ratio for ReLU activation function.
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Figure A6. Average loss curve for 6000 max batches 80/20 train/test ratio for ReLU activation function.



Appl. Sci. 2022,12,11131 20 of 34

Appendix A.3

C:0.0%
Loss

18.0 S

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

Pt

600 1200 1800 2400 3000 3600 4200 4800 5400 6000
current avg loss = 1.1770 iteration = 6000
Press 's' to save : chart.png — Saved Iteration number in efg max_batches=6000

0.0
o

Figure A7. Average loss curve for 6000 max batches 70/30 train/test ratio for Mish activation function.
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Figure A8. Average loss curve for 6000 max batches 75/25 train/test ratio for Mish activation function.
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Figure A9. Average loss curve for 6000 max batches 80/20 train/test ratio for Mish activation function.
Appendix B

In this part of the Appendix section, training charts of the YOLOV4 algorithm model

for 8000 max batches are attached, each sub-section represents a single activation function
for all three train/test ratios.
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Figure A10. Average loss curve for 8000 max batches 70/30 train/test ratio for Linear activation function.
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Figure A11. Average loss curve for 8000 max batches 75/25 train/test ratio for Linear activation function.
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Figure A12. Average loss curve for 8000 max batches 80/20 train/test ratio for Linear activation function
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Figure A13. Average loss curve for 8000 max batches 70/30 train/test ratio for ReLU activation function.
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Figure A14. Average loss curve for 8000 max batches 75/25 train/test ratio for ReLU activation function.
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Figure A15. Average loss curve for 8000 max batches 80/20 train/test ratio for ReLU activation function.
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Figure A16. Average loss curve for 8000 max batches 70/30 train/test ratio for Mish activation function.
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Figure A17. Average loss curve for 8000 max batches 75/25 train/test ratio for Mish activation function.
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Figure A18. Average loss curve for 8000 max batches 80/20 train/test ratio for Mish activation function.
Appendix C

In this part of the Appendix section, training charts of the YOLOV4 algorithm model

for 10,000 max batches are attached, each sub-section represents a single activation function
for all three train/test ratios.
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Figure A19. Average loss curve for 10,000 max batches 70/30 train/test ratio for ReLU activation function.
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Figure A20. Average loss curve for 10,000 max batches 75/25 train/test ratio for ReLU activation function.
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Figure A21. Average loss curve for 10,000 max batches 80/20 train/test ratio for ReLU activation function.
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Figure A22. Average loss curve for 10,000 max batches 70/30 train/test ratio for Mish activation
function.
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Figure A23. Average loss curve for 10,000 max batches 75/25 train/test ratio for Mish activation function.
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Figure A24. Average loss curve for 10,000 max batches 80/20 train/test ratio for Mish activation function.
Appendix D

In this part of the Appendix section, training charts of the YOLOV4 algorithm model

for 20,000 max batches are attached, each sub-section represents a single activation function
for all three train/test ratios.
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Figure A25. Average loss curve for 20,000 max batches 70/30 train/test ratio for ReLu activation function.
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Figure A26. Average loss curve for 20,000 max batches 75/25 train/ test ratio for ReLu activation function.
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Figure A27. Average loss curve for 20,000 max batches 80/20 train/test ratio for ReLu activation function.
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Figure A28. Average loss curve for 20,000 max batches 70/30 train/test ratio for Mish activation function.
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Figure A30. Average loss curve for 20,000 max batches 80/20 train/test ratio for Mish activation
function.
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