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Abstract. One of the traditional areas of artificial intelligence applica-
tion is games. Today, solutions for this industry are developed mostly by
companies that cooperate with developers and have access to game APIs.
Not all researchers have the ability to gain such access, which can limit
the progress of AI. One way around this limitation could be to apply
computer vision to an image on the screen reflecting what is happening
in the game. However, most current computer vision techniques use la-
beled data. Annotation requires a large amount of labor, time, and has a
high cost. The problem of training data is even more acute for computer
games, because modern games periodically receive updates and add-ons.
To reduce the need for labeled data, we find it promising to use a hybrid
approach that combines machine learning with knowledge representa-
tion. Thus, the goal of this research is to develop a hybrid method for
object recognition in computer games, which reduces the need for la-
beled data but has accuracy comparable to end-to-end methods. This
paper presents an overview of Al applications in computer games and
hybrid computer vision methods. A model of object recognition using
informed machine learning was developed. The game Hearthstone was
chosen as the application and the task of detecting and classifying the
cards present on the table was considered. Experiments have shown that
the model provides higher accuracy than the models of the YOLO family
while using a simpler annotation during training.

Keywords: Hybrid Al - Informed Machine Learning - Computer Vision
- Object Recognition - Computer Games.

1 Introduction

One of the traditional and relevant areas of artificial intelligence application is
games. Well-known examples are Deep Blue [2] from IBM, OpenAl Five? from
OpenAl, AlphaGo [19] and AlphaStar [21] from Google DeepMind, etc. As you
can see, today’s existing solutions are mainly developed by large companies that
collaborate with developers and have access to game APIs. Not all researchers
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have the ability to gain such access, which can limit progress in the field of Al
One way around this limitation could be to apply computer vision to an image
on the screen reflecting what is happening in the game, and then recognize game
objects on it.

However, most modern computer vision methods for classifying objects in im-
ages use supervised learning, which requires a large amount of training data. The
preparation of such training data, in turn, requires a large amount of labor, time,
and has a high cost. Thus, there is a problem of creating specialized datasets for
each task. This problem is partially solved by transfer learning, but the models
still need to be fine-tuned on task-specific data to obtain high-accuracy predic-
tions. When applied to computer games, the problem of training data is even
more acute as modern computer games periodically receive various updates and
add-ons. Consequently, after each such change, new sets of training data would
have to be produced in order to improve the efficiency of object recognition.

To reduce the need for labeled data, we find it promising to use a hybrid
approach that combines machine learning with knowledge representation. One
such method is Informed Machine Learning (IML) — the process of incorporating
prior knowledge from the subject domain into machine learning algorithms and
models [17]. Thus, the goal of this study is to develop a method for object recog-
nition in computer games based on informed machine learning, which reduces
the need for labeled data, but has accuracy comparable to classical methods.

In this study, the computer game of Blizzard Ent., Hearthstone®, was chosen
as the use case as it is an eSports discipline with the largest number of users
in its genre, which also has a sufficient number of open resources and documen-
tation necessary for the use of IML. We consider the problem of detecting and
classifying the cards present on the playing field. We use models from the YOLO
[11] family to recognize objects. As prior knowledge, we consider a set of indi-
vidual cards from a site that provides complete and up-to-date information on
Hearthstone HSReplay.net®. We have collected a dataset based on screenshots
of the game and annotated it in two ways to train and evaluate the developed
model. The first method involves annotating object boundaries only and is used
to train the hybrid model, while the second method also involves annotating
object classes. We compare the accuracy of the developed hybrid algorithm with
the results of the end-to-end model trained on the created dataset with the sec-
ond annotating method. The contribution of this study is an IML-based object
recognition algorithm that uses only object boundary annotation, but has an
accuracy that exceeds the accuracy of the end-to-end model.

2 Related Work

2.1 Al in Games

Perhaps one of the most famous examples of artificial intelligence in games is the
chess supercomputer Deep Blue [2], developed by IBM, which beat world chess

® https:/ /hearthstone.blizzard.com/
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champion Garry Kasparov in 1997. The AlphaGo program, developed by Google
DeepMind in 2015 [19] was able to beat a professional go player. In addition,
a prime example of using artificial intelligence in games is OpenAl Five by
OpenAl”, which plays Dota 2. This program was able to defeat a professional
player in 2017. Google DeepMind partnered with Blizzard Entertainment® to
create an artificial intelligence to play StarCraft 2'° called AlphaStar which
took the highest in-game rank in 2019 [21].

There are also examples of applications of computer vision in games. For ex-
ample, [4] describes the development of computer opponents (bots) using com-
puter vision in a racing game. To train the bots, an open-source computer vision
library, OpenCV, is used. Paper [13] describes the concept of a framework and
scripting programming language for writing ”profiles” to games. Profiles de-
scribe the rules by which various game events should be read and responded to.
The system includes functions that respond to, for example, the pressing of a
key or the appearance of a new frame, as well as a visualization and machine
learning (OpenCV) module. Article [1] describes an algorithm for extracting key
situations and predicting match results in the game StarCraft 2 based on convo-
lutional neural networks. Match replays are used as input to the model. Paper
[14] describes a game state classification model. Sets of coordinates of game en-
tities transformed into a set of sequential images are used as inputs. The RCNN
model was used for the classification problem. Paper [18] describes the use of
video games to train computer vision models. In particular, to recognize and
annotate road objects and urban infrastructure. Article [6] studies the behavior
of non-player characters (NPCs) and other objects in games based on observing
only graphical output using computer vision techniques. Article [16] describes
a plug-in for the Unreal Engine 4 (UE4) game engine. This plugin allows you
to visualize the information needed for computer vision right during the game.
Paper [9] describes using Double Deep Q-Network (DDQN) to play Super Mario
Bros. DDQN includes three convolutional layers for image processing. Article
[12] describes the creation of an agent for first-person shooter games. The in-
put data used is frames from the game DOOM. The authors have modified the
ViZDoom engine so that you can get information about the location of certain
objects in the current frame.

Obviously, the most convenient approach for the application of Al in games
is the use of API, which can provide accurate and complete information that is
not available in the analysis of frames from the game. However, it is not always
possible to interact directly with the game.

2.2 Hybrid AI

Hybrid intelligent systems are systems that use both machine learning and
knowledge representation methods in parallel. The knowledge representation

" https://openai.com/
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methods include, for example, expert systems, logics, association rules, etc. Com-
bining different methods of artificial intelligence in some cases allows to provide
the best solution, which cannot be obtained by separate methods.

One approach to hybrid AI is Informed Machine Learning (IML). A compre-
hensive overview of the field of IML is given in [17]. It also provides a definition
of the term and a variety of uses for the method. IML is the process of incor-
porating prior domain knowledge into machine learning algorithms and models
to guide algorithm decisions and improve overall performance. Prior knowledge
can be either a regular unstructured data set or knowledge graphs. They can
be integrated in a variety of ways depending on the specific problem and the
information available. Figure 1 from [17] shows a generalized IML application
diagram. It demonstrates that in addition to basic information (the ”Data”
block), prior knowledge (the "Prior Knowledge” block) is integrated into the
machine learning process.

Problem p Data | » ML Pipeline l p Solution
f:X =Y (z1,11) preproc gy flz)
Training Data AN
@y, uw) detne | *
. .
' Hypothesis Set
. integrated in i
L eeee e § Pror [IFITN L Learning Alg.
Kt_\_owled_‘ge | et Data-Driven Learning
.\::gﬁ.\ ...\/\‘r"'. R Final Hypoth. (Convent. Machine Learning)
z) — — Prior-Knowledge Integration
({Informed Machine Learning)

Fig. 1. Generalized IML application chart [17]

There are works that use a hybrid approach for computer vision, but they
do not consider video games. In [22], the authors propose an image knowledge
graph model that incorporates semantic relations between objects in the image
and scene relations. This model combines several popular convolutional neural
network architectures to classify objects in images followed by ontology genera-
tion. Subsequently, an algorithm is used to improve the classification of objects in
images using the relations that have emerged in the extracted knowledge graph.

In [10], a new framework for Knowledge Graph Representation Fusion (KGRF)
is proposed to introduce prior knowledge in the image classification problem.
Specifically, it uses graph attention network (GAT) to extract knowledge repre-
sentations from the constructed knowledge graph, CB-CNN [8] to extract objects
from images, and Multimodal Compact Bilinear (MCB) module [7] to combine
information from the knowledge graph and the extracted objects.

Article [5] proposes an approach to improve the classification of images using
ontologies. The system described in the paper uses the HMAX model to extract
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objects from images, WordNet to create an ontology, and the OWL API'! to
complete it.

Zhang el al. [23] investigate the effect of ontologies on image classification. A
two-level ontology (semantic ontology and visual ontology) is constructed to hi-
erarchically organize a large number of image classes. Semantic ontology is built
according to semantic similarity between classes using WordNet'?, and visual
ontology is built according to cross-class visual similarity using deep features.
Deep features are extracted by the Inception V3 [20] model.

Monka et al. [15] provide a broad overview of knowledge graph embedding
methods and describe several learning objectives suitable for combining them
with visual embeddings. The paper provides answers to questions such as: How
can a knowledge graph be combined with a deep learning pipeline? What are the
properties of the respective combinations? What knowledge graphs already exist
that can be used as auxiliary knowledge? What datasets exist that can be used
in combination with auxiliary knowledge to evaluate visual transfer learning?

The article by Ding et al. [3] considers the application of ontologies in image
object recognition. It is found that the combination of ontology and traditional
image recognition technology can improve the recognition accuracy, enhance the
ability of high-level semantic recognition, reduce the need for a large number of
training samples, and improve the scalability of image recognition system.

3 Method

The developed method can be divided into two consecutive steps: 1) object
boundary recognition and 2) class detection. Figure 2 shows the general scheme
of the algorithm.

) Object Bounding boxes Image _
Input image )—»| recognition P classification Output image
model

A

Reference
images

Fig. 2. General algorithm scheme

In the first step, object boundary detection is performed using a machine
learning model. The model is trained on the dataset to recognize object bound-

" https://github.com/owlcs /owlapi
'2 https://wordnet.princeton.edu/
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aries without specifying a particular class. An input image is fed to the model.
The result of this step is a modified original image along with the object bound-
ary data that the model was able to detect.

The second step involves the image classification module. The module re-
ceives the boundaries of the objects detected at the previous stage. In addition
to boundaries, the module uses a set of reference images of objects, each of which
corresponds to one of the classes by which classification is performed. For each
passed boundary, the most similar image from the reference set is determined
along with its corresponding class, using certain algorithms, such as the nearest
neighbor method and feature matching.

Key points are characteristic areas of the image that can be matched with
other images that contain similar elements. The search for key points is per-
formed using the Scale-Invariant Feature Transform (SIFT) algorithm. The search
method is as follows:

1. Scale-space Extrema Detection. Scale-space filtering is used to find potential
key points.

2. Keypoint Localization. Any low-contrast keypoints and edge keypoints are
removed, leaving only points of strong interest.

3. Orientation Assignment. Each keypoint is assigned an orientation to achieve

rotation invariance.

. Keypoint Descriptor. A keypoint descriptor is created.

5. Keypoint Matching. Keypoints between two images are matched by deter-
mining their nearest neighbors.

W~

The whole classification process is described in Algorithm 1, where R — set
of reference images, L — set of class labels, M C R x L — mapping from reference
images to labels, b — detected box, i — detection image.

Algorithm 1 Classification algorithm
Require: R, M, b, 1

¢ « crop(i, b) > Cropping the image by the detected box
for r € R do
if r in ¢ then > Image matching with CV
I« M(r) > Getting a class by the reference image
i1 > Assigning the class to the image
end if
end for

Dividing the algorithm into these two stages allows a modular approach to
object recognition and computer vision tasks. This provides an efficient execu-
tion of the complex process of object detection and classification, combining the
capabilities of machine learning with the versatility of computer vision meth-
ods. It is worth noting that the speed of the proposed method depends linearly
on the size of the reference collection of images for comparison. The larger this
collection is, the more comparisons need to be made.



Informed Object Detection for Computer Games 7
4 Evaluation

4.1 Data

The computer game of Blizzard Ent., Hearthstone was chosen as the use case.
The task of detecting and classifying the cards present on the playing field is
considered. Given the huge number of cards in the game, it was decided to set
certain constraints in order to simplify the data collection process. Therefore,
only cards from the classic and standard collections were used. This limited
selection provides sufficient variety of card types and visual features to develop
a reliable model capable of accurately classifying the cards on the playing field.

We created and annotated three sets of data. Roboflow!® was used as an
annotation tool. The first set includes 274 images, 836 annotations, and 142
unique card classes. Figure 3 shows an example from the first set. The images
are taken directly from the game, with a resolution of 1920x1080 pixels, which
is the most popular among players. It ensures that the resulting images contain
enough detail and maintains the integrity of the visual information.

UNUSED CLASSES

No Tags Applied

Fig. 3. An image from the first dataset

The second dataset includes the same 274 images as the first, but the anno-
tation contains only 1 instead of 142 classes. This single class is an indication of
the card’s presence on the playing field, while excluding any specific information
about the name of the card itself. This format requires significantly less intel-
lectual effort from an annotator, speeds up the annotation process, and reduces
the likelihood of errors when determining the class. Figure 4 shows an example
of image from the second dataset.

'3 https://app.roboflow.com/
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UNUSED CLASSES

No Tags Applied

Fig. 4. An image from the second dataset

The third dataset is a reference dataset of 142 images representing unique
cards. These images do not require annotations, but the file name must include
either the name or a specific label that references the name of the class rep-
resented. The images were taken from the Hearthstone website HSReplay.net.
Figure 5 shows an example of image from the reference set.

Fig. 5. An image from the reference dataset
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4.2 Prototype

As an object recognition model we chose models of the YOLO family. OpenCV!4
was chosen as the computer vision library providing the algorithms necessary for
utilizing the reference images. We also used the Python 3.10.9 to implement the
prototype.

The FlannBasedMatcher algorithm from OpenCV was used to find and match
key points between the reference and input images using the nearest-neighbor
method more efficiently. The matching process involves calculating several met-
rics, such as Euclidean distance or Hamming distance, and selecting the most
similar matches.

Listing 1.1 implements the classification algorithm, where ref is the reference
image, crop — region of the detected image cropped by the rectangle obtained
from YOLO, kpl, kp2 — key points for ref and crop respectively, desl des2 are
descriptors of key points kp! and kp2, MIN.-MATCH_-COUNT is the minimum
number of matching points between images, at which the class is recognized (in
our work it was taken as 10).

Listing 1.1. Python implementation of the classification algorithm

# Setting up the points

sift = cv.SIFT _create ()

kpl, desl = sift.detectAndCompute(ref, None)

kp2, des2 = sift.detectAndCompute(crop, None)

# Finding matches

index_params = dict (algorithm=FLANNINDEX KDTREE,

trees=>5)
search_params = dict (checks=50)
flann = cv.FlannBasedMatcher (index_params ,

search_params)

matches = flann.knnMatch(desl, des2, k=2)
# Count the number of matching vectors
count = 0
for m, n in matches:

if m.distance < 0.7 % n.distance:

count +=1

# Compare with the threshold and maximum values
if count > MINMATCHCOUNT and best_match[1] < count:

best _match = name, count
# Add the best class to the list of recognized classes
class_.name = best_match [0]

classes .append(class_name)

4 https://opency.org/
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4.3 Results

For evaluation, both datasets (first and second) were divided into training, test,
and validation parts. The distribution was 194, 56, and 28 images, respectively.
The configuration of the computer on which the training was performed is

shown in Table 1.

Table 1. Computer Configuration

CPU

AMD Ryzen 5600X

GPU NVIDIA GeForce RTX 2060 SUPER

RAM|Patriot Viper Steel 2x8GB DDR4 3200MHz

ROM KINGSTON SNVS1000G 1TB

The Table 2 represents the settings of the YOLO models.

Table 2. The parameters of YOLO models

Parameter ‘ Value ‘

epochs 150
batch 16
optimizer | SGD

The metrics of the models performance are presented in Table 3, where
YOLOvX + CV is the proposed hybrid model using YOLOvX trained on the
second data set together with the classification Algorithm 1, and YOLOvX — the
benchmark model YOLOvX trained on the first data set. An example image with
recognition results is shown in Figure 6. Here, the recognized card boundaries
are indicated by colored frames, and the caption above the frame corresponds

to the recognized class.

Table 3. Metrics

l Model HPrecision‘Recall‘ F1 ‘Dataset

YOLOv5 + CV|| 0,967 |0,976|0,971| 243

YOLOv8 + CV|| 0,967 |[0,976(0,971| 243
YOLOv5 0,823 0,819 | 0,821 1
YOLOv8 0,778 0,834 10,805 1

The second dataset is not intended to recognize different classes, but only
to detect the presence of an object in the image. Therefore, using the YOLOvX
model without CV on it would not make sense and we can compare only the
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The Innkeeper

Fig. 6. Example image with recognition results

results of the models on identical images but with different annotations. The
proposed method achieved an F1 score of 0.971 when trained on just 274 images
and one labeled class, which is 0.15 more than YOLOvX trained on the same
images but with 142 class labels. This allows us to conclude that with the same
amount of training data the developed model shows better results than YOLOv5
and YOLOvS, using simpler markup.

5 Conclusion

This paper presents an overview of the state-of-the-art AI applications in com-
puter games and of the hybrid approach to computer vision, demonstrating that
hybrid computer vision has not been applied yet to video games. An informed
machine learning-based model of object recognition in games was developed,
combining a machine learning model that determines object boundaries and
an algorithm that classifies detected objects based on comparison with images
from a set of reference images. To evaluate the proposed method, a prototype
was implemented, a dataset of images from the Hearthstone game was collected
and annotated in two different ways. The experiments showed that the devel-
oped model provides higher accuracy compared to the end-to-end application of
machine learning models of the YOLO family. The presented approach is appli-
cable to other games that have sufficient documentation to create a dataset of
reference images. A significant advantage of our method is the qualitative im-
provement of the classification generalizability. If new classes appear as a result
of a game update, our method will not require new labeled data and retraining
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of the recognition model unlike classical supervised learning. Our method only
requires adding single images of new classes to the set of reference images.

One limitation of the proposed method is its time complexity which depends
linearly on the number of reference images. The speed is important for real-
time applications such as computer games. To eliminate this limitation, further
research and optimization of the proposed method are needed. For example,
real-time performance can be achieved through alternative architectures or the
use of hardware acceleration techniques.
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1) One cannot find explicit explanation in the paper for a reason why the computer game Hearthstone was
chosen as the application? Will the proposed method be valid for other computer games? What will happend to

the results of evaluation for a dataset based on other computer games?

2) The results section (4.3) of the paper is too short. 1 would recommend to extend it by adding more details

about the experiment and evaluation procedure and presented results discussion as well.

3) Some textual comments are necessary to figure 6. - What are recognition results?

Response:

1) In this study, the computer game of Blizzard Ent., Hearthstone, was chosen as the use case as it is an
eSports discipline with the largest number of users in its genre, which also has a sufficient number of open

resources and documentation necessary for the use of IML. (1 Introduction)



The presented approach is applicable to other games that have sufficient documentation to create a dataset
of reference images. (5 Conclusion)

2) A significant advantage of our method is the qualitative improvement of the classification
generalizability. If new classes appear as a result of a game update, our method will not require new labeled data
and retraining of the recognition model unlike classical supervised learning. Our method only requires adding
single images of new classes to the set of reference images. (5 Conclusion)

3) Here, the recognized card boundaries are indicated by colored frames, and the caption above the frame
corresponds to the recognized class. (4.3 Results)
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CwIIbHBIE CTOPOHBI Pa0OThI

- PaccmartpuBaercss wHTepecHas 3amada W3 OONACTH KOMITBIOTEPHOT'O 3PEHHUSA. ABTOPHI HCIIONB3YIOT
ABTOMAaTHYECKHE METOJIBI /ISl PACIIO3HAHUS AIIEMEHTOB KOMITBIOTEPHOM UTPHI MPSIMO IO IKPAHHOW KapTHUHKE.
Takum 00pa3om, CTaHOBHUTCS BO3MOXKHBIM CO3aBaTh aBTOMAaTHYECKUX HTPOKOB-POOOTOB, KOTOPHIE HE SABIISIOTCS
YacThI0 WIPOBOM MPOrpaMMBI, HO B3aWMOJEHCTBYIOT C HEH IOCPEACTBOM OOBIYHOTO MOJIB30BATEIHCKOTO
nnTepdeiica. Jlymaro, 9To pe3ynbTaThl JAHHOH PaOOTHI MOTYT IPUMEHSTHCS B JATbHEHIIIEM U I aBTOMATH3AINN

MIPOIIECCOB B Apyrux obmactsx (cMm. RPA).

- Ilpennoxeno pemenne Oa3upyromeecss Ha aBTOPCKOM aJITOPUTME, OCHOBAaHHOM Ha MPUMEHEHHUU

WH()OPMHUPOBAHHOTO MAIIMHHOTO O0yYEHHS.
- Pabora HanmcaHa SICHBIM SI3IKOM U JIETKO YHTAETCSL.
CnaOsle cTOpOHBI PabOTHI

- "Based on the above metrics, we can conclude that the developed model shows better results than
YOLOvV5 and YOLOVS, while using a simpler annotation.” - va camom fiesie, U3 TeKCTa HE BIIOJIHE OYEBHTHO,
MMo4YeMy aHHOTHPOBAHUC B MPEAJIAracMOM aBTOpaMu NOAXOAC IPOIIC. CTOI/IT CKa3aTb IMpo 3TO HO,Z[pO6HCC, KakK-

TO MOATBCPAUTH 3TO YTBCPKACHUC (l)aKTaMH, CpaBHCHUSIMMU.



- Taxxe cToumIo OBl HOI[pO6HCC PaCcCMOTPETh TOT (baKT, YTO CPABHCHUC PA3HBIX Mozenei MMPOUCXOOUT Ha

pa3nuyHbIX Ha0Op AaHHBIX. Hamo Kak-To OOBSCHHUTH, YTO TAKOE CpaBHEHHE ACHCTBUTENBFHO COCTOSTENBHO.
[Ipennoxxkenns no yay4IieHuIo

- Xopomas ujes - 100aBUTh B pa3jen 2 naparpad, KOTOpbIi Obl HOSCHUII MECTO MPEIaracMoro aBTOPaMH

METOo/Ia Cpef PaCCMOTPEHHBIX.

- TaGnuup! 1 v 2 BriosiHE MOTJTH OB U HE OBITH TaOIMIIaMU. B TaHHOM citydae Takoi popMar ckopee cheaaet

JOIMOJTHHUTCIIBHOC MECTO.

- Bbito Ob1 MHTEPECHO TOCMOTPETH HA PE3yIbTATHI B CPABHEHHH, KOTJIa UCIIONIL3YETCsI TOJIBKO TIEPBBIN HITH

BTOpO HA0OpP JaHHBIX.
Pesrome

Cuurato, yTo padora JOBOJHHO XOPOIIO IIOJArOTOBJIEHA, U TAaKXKE UHTEPECHA AJIsl 0OCYXKJIeHUs B paMKax

KOH(EepeHIUH.

Response:

1) The second dataset includes the same 274 images as the first, but the annotation contains only 1 instead
of 142 classes. This format requires significantly less intellectual effort from an annotator, speeds up the

annotation process, and reduces the likelihood of errors when determining the class. (4.1 Data)

The third dataset is a reference dataset of 142 images representing unique cards. These images do not
require annotations, but the file name must include either the name or a specific label that references the name of

the class represented. (4.1 Data)

2) The second dataset is not intended to recognize different classes, but only to detect the presence of an
object in the image. Therefore, using the YOLOvX model without CV on it would not make sense and we can

compare only the results of the models on identical images but with different annotations. (4.3 Results)

----------------------- REVIEW 3

SUBMISSION: 27
TITLE: Informed Object Detection for Computer Games

AUTHORS: Anton Dubovskoi, Maksim Sokolov and Ildar Baimuratov

SCORE: 1 (weak accept)



The paper describes a method to identify objects in computer games without labels.

Strong points of the paper:

The bibliography seems complete.

Potential use in different areas.

The paper is novel in that it uses methods that have been used in other fields to computer games.
The explanations are quite clear, in general terms.

Points that are to be discussed:

The experiments need to be explained with more detail.

The amount of pictures that are used for testing is not relevant. From a statistical point of view, Section 4.3

is weak and need more explanation and detail.

Point to be clarified: why did the authors chose this particular game? It would have been much more

interesting to chose different games to text.
Improvements:
Place python code in an appendix.

The English is somehow convoluted in some paragraphs. | suggest to check the language carefully.

Response:

1) The second dataset is not intended to recognize different classes, but only to detect the presence of an
object in the image. Therefore, using the YOLOvX model without CV on it would not make sense and we can
compare only the results of the models on identical images but with different annotations. The proposed method
achieved an F1 score of 0.971 when trained on just 274 images and one labeled class, which is 0.15 more than
YOLOvVX trained on the same images but with 142 class labels. This allows us to conclude that with the same
amount of training data the developed model shows better results than YOLOvV5 and YOLOVS, using simpler
markup. (4.3 Results)



