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APPROACHES OF BUILDING A REAL-WORLD OBJECT DETECTOR DATA
SOURCE

In our constantly developing world virtual, augmented, and mixed reality technologies are becoming integral parts of our
daily lives. In the current stage of Information Technology field development, technologies of virtual, augmented and mixed reality
can be seen in almost all areas of human life. Nowadays AR is used in Marketing and Advertising, Education, Medicine, Automotive,
Game Development, Navigation and other areas of our everyday life. Therefore, object detection is a crucial task in computer vision
and Al applications, enabling machines to identify and locate objects within images or video frames. The accuracy and performance
of an object detector heavily rely on the quality and diversity of the training data. This paper is aimed at finding the approaches of
building a real-world object detector data source to be able to create a model for detecting a sport games surfaces using the Action
& Vision App. During this research several structured approaches of building an object detector data source have been built, drawing
inspiration from Apple's Create ML documentation on the topic. Additionally, real-world applications available on both the App Store
and Google Play that leverage object detection technology were showcased and analyzed. In the course of study a dataset of objects
has been collected and then utilized to build a robust detection model, tailored to function seamlessly with Vision and Core ML
frameworks on iOS devices. The trained object detection model, informed by the diverse dataset and robust training process, is
employed to identify and outline tables and rectangles in each frame of the video stream. The model and the proposed approaches
will be further applied to develop the method of object detection in the real world and create a mobile application for sport games
simulation, that would help players to practice their skills out of the training field.

Keywords: object detection, computer vision, Al applications, training data, Create ML, structured data source, real-world
applications, App Store, Google Play.

Onswra I[TABJIOBA, Anapiii BAIITA, Auapiit KY3bMIH

XMeJNbHUIBKUH HalliOHAIBHUH YHIBEPCUTET

MIIXO/U 10 MOBYA0BHU JKEPEJ JTAHUX JIJIS BASHAYEHHS OB’EKTIB Y
PEAJILHOMY CBITI

Ha cy4yacHoMy eTari po3BUTKY Ciepu iH@OPMAaLiViHNX TEXHOIOMH TEXHO/IONT BipTyasbHO, LOMOBHEHOI Ta 3MilLaHOi
PEasIbHOCTI MOXHA 106a4UTH MPaKTUYHO y BCIX CEPaxX XuTTs ogmnHn. CooroqHl AR BUKOPUCTOBYETLCS B MAPKETUHIY Ta PEKIaMI,
OCBIT], MEANLMHI, aBTOMOBINEBYAYBaHHI, po3pobul irop, HaBirayii 1@ HLLMX CRepax HALIOro MOBCIKAEHHOrO XUTTS. TOMy BUSB/IEHHS
OGEKTIB € K/II0HOBUM 3aBAGHHSM Y MPOrpamMax KoMImoTEPHOro 30py Ta LTYYHOIo IHTE/IEKTY, L0 JO3BOJISE MaLLMHaM [AEHTUDIKYBaTH
7a 3HaxoanT1 O6'€EKTU B 300paXerHHsX abo BIAeOKaapax. TOYHICTb | MPOAYKTUBHICTL AETEKTOPa 06 EKTIB 3HAYHOIO MIpOKO 3a/1eKaThb
Bif IKOCTI Ta PI3HOMAHITHOCTI HaBYa/IbHUX AaHNX. L{F CTaTTS CripsMOBaHa Ha roLLyK 1iAXo4i8 40 robyA0BH PeasibHOro [KEPEA AaHNX
AETeKTopa OO 'EKTIB, 1O6 Maty MOX/MBICTb CTBOPUTU MOAE/L A/IS1 BUSB/IEHHS MOBEPXOHL AJ18 CIIOPTUBHUX [rOpP 33 [OMOMOIro
nporpamu Action & Vision. 7ia Yac yboro A0C/IKEHHS 6y/10 CTBOPEHO Ki/IbKa CTPYKTYPOBaHUX IMIAX04IB 4O CTBOPEHHS AXepena
A3HNX AETEKTOPa O0EKTIB, YEPNAroYn HaTXHEHHS 3 JOKyMeHTauli Apple Create ML Ha uto temy. Kpim Toro, 6ysm rpogeMOoHCTPOBaHI
7a [1POaHasI30BaHi peasibHi rporpamu, AOCTyriHi K B App Store, 1ak i B Google Play, sSiKi BUKOPUCTOBYIOTb TEXHOJIONHO BUSIB/IEHHS
OGeKTIB. Y X04i AOCTKEHHS 6Y/10 3i6paHO HabIp AaHuX OOEKTIB, AKMU OTIM BUKOPUCTAHO A1 10GYA0BU HAAIMHOI MOAENI
BUSIBJICHHS], 3AAMTOBaHOI 415 6e340rarHHoi poboTv 3 gpevimopkamm Vision i Core ML Ha npuctposx iOS. HaByeHa MOAE b BUSBIIEHHS
OG'EKTIB, SKa 6A3yETbCS HA PIHOMAHITHUX HAbopax AaHux | HagIiHOMY MPOLEC) HaBYaHHS, BUKOPUCTOBYETLCA A/18 IAEHTUIKaLII Ta
OKPEC/IEHHS TabsnLb | MPSIMOKYTHUKIB Y KOXXHOMY Kadpi BIAeornoToky. Mogesis i 3arporoHoBaHi rnigxoan 6yAyTb Haaasn 3acTocoBaHi
A/151 PO3PO6KU METOLY BUSB/IEHHS OO €KTIB Yy PeasbHOMy CBITI Ta CTBOPEHHS MOOI/IbHOro A0AATKY A/ CUMYJIALi CrIOPTUBHUX rop,
SKMH JOMOMOXKE rPaBLsM BIAIPALIbOBYBATH CBOI HABUYKY 1038 TPEHYBA/IbHIM [10/1EM.

Kto4osi  c/ioBa.; BuUSB/IEHHS OGEKTIB, KOMTIOTEPHM 3ip, nporpamu LUI HasyasneHi AaHi, Create ML, mxepesno
CTPYKTYPOBaHux AaHux, peasbHi riporpamm, App Store, Google Play.

Introduction

Currently, virtual, augmented and mixed reality technologies can be increasingly found in various areas of
human life and even in everyday use. These technologies are already actively used in such fields as education,
medicine, marketing and advertising, automotive industry, and navigation. Therefore, involving these technologies in
application development is a relevant task. Object detection has a crucial part in various applications, from computer
vision to autonomous vehicles. One of the key factors that influence the accuracy and robustness of an object detector
is the quality of the training data. In our previous works we proposed the application of augmented reality for
navigation purposes [1] and for Objects 3D Models visualization using Augmented Reality [2].

In this paper, we will explore several structured ways to build an object detector data source, taking
inspiration from Apple's Create ML documentation on the topic. Additionally, we will showcase real-world
applications available on both the App Store and Google Play that leverage object detection technology.

MDKHAPO/IHUI HAYKOBUI XKYPHAJL . 23
«KOMITI’KOTEPHI CUCTEMMUM TA ITH®OPMAIIWHI TEXHOJIOT TI», 2023, Ne 3


https://doi.org/10.31891/csit-2023-3-3

INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Domain analysis

Object detection is a fundamental task within the domain of computer vision and artificial intelligence. It
finds application in various industries and domains, driving innovations and advancements in safety, efficiency, and
user experiences [3-5].

Autonomous Vehicles: In the domain of autonomous vehicles, object detection plays a pivotal role in
enabling self-driving cars to perceive their surroundings and make real-time decisions. The ability to detect
pedestrians, vehicles, traffic signs, and obstacles is critical for ensuring safe and reliable autonomous navigation.

Surveillance and Security: Surveillance systems heavily rely on object detection to monitor and identify
suspicious activities, intruders, or potential threats in real-time. This technology has significant implications in
enhancing security measures in public spaces, airports, and critical infrastructure.

Augmented Reality: Object detection is a core technology in augmented reality (AR) applications. By
recognizing and tracking objects in the real world, AR systems can overlay virtual objects or information seamlessly,
enriching user experiences in gaming, education, and marketing.

Fig. 1. Bananas detection

Medical Imaging: In medical imaging, object detection is utilized to identify and locate anomalies or specific
structures within medical images, assisting in diagnosis and treatment planning. Applications range from detecting
tumors in MRI scans to identifying cells in microscopy images.

E-commerce and Retail: In e-commerce and retail, object detection facilitates various applications such as
visual search, product recommendation, and inventory management. By recognizing objects in images or videos,
retailers can offer personalized shopping experiences and optimize supply chain operations.

Robotics: In robotics, object detection is crucial for enabling robots to interact with their environment and
perform tasks autonomously. From industrial robots identifying objects on assembly lines to service robots navigating
in dynamic environments, object detection enhances the capabilities of robotic systems.
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Fig. 2. Robot detects the objects and works with them

Accessibility: Object detection technologies have also been leveraged to enhance accessibility for individuals
with visual impairments. By identifying and describing objects in real-time, these applications empower users to
navigate their surroundings more effectively.

Understanding the specific domains and applications of object detection helps researchers, developers, and
practitioners tailor their approaches and data collection methods to address the unique challenges and requirements of
each use case. The quality and relevance of the training data are paramount in achieving accurate and efficient object
detection systems across diverse applications.

Analysis of existing solutions and technologies

Object detection technology has found its way into numerous real-world applications, revolutionizing various
industries and enhancing user experiences. Leveraging computer vision and Al algorithms, these applications have
demonstrated the practicality and effectiveness of object detection in addressing real-life challenges. In this section,
we will explore three prominent real-world applications that utilize object detection to provide valuable insights,
improve accessibility, and transform the way we interact with our surroundings.

Application "Google Lens" (Available on Google Play). Google Lens is an innovative application that
leverages object detection to provide users with instant information about the world around them. By simply pointing
the smartphone camera at objects or scenes, Google Lens can identify landmarks, plants, animals, and a wide range
of everyday objects. The app then delivers relevant search results, detailed information, and even language translation
based on the recognized objects. Whether users are exploring a new city, trying to identify a particular species of flora
or fauna, or need to understand foreign language text, Google Lens offers an intuitive and interactive experience. By
incorporating object detection technology, Google Lens has revolutionized how we interact with the environment,
making information readily available at our fingertips.
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Fig. 3. Google lens in Google Play

Application "CamFind" (Available on App Store and Google Play). CamFind is a powerful image recognition
app that utilizes object detection to identify objects captured in photos. Whether it's household items, fashion
accessories, or artworks, CamFind can accurately recognize and classify objects, allowing users to learn more about
them. The app provides detailed information, shopping links, and related content based on the identified objects.
CamFind's seamless integration of object detection technology has bridged the gap between the physical and digital
worlds, enabling users to explore and discover information effortlessly. From identifying unfamiliar objects to finding
similar products online, CamFind exemplifies the practical applications of object detection in everyday life.
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Fig. 4. CamFind in Google Play
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Application "TapTapSee" (Available on App Store and Google Play). TapTapSee is an exceptional
accessibility application that utilizes object detection to empower visually impaired users. By capturing images
through their smartphone cameras, users can rely on TapTapSee to identify objects and receive auditory descriptions
in real-time. The app is capable of recognizing a wide range of objects, including everyday items, products, and even
scenes. By incorporating object detection, TapTapSee enhances the independence and confidence of visually impaired
individuals, enabling them to navigate their surroundings more effectively. This application exemplifies the
transformative impact of object detection in promoting inclusivity and accessibility.
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Fig. 5. TapTapSee in AppStore

Now let’s compare these three apps by platform availability, functionality and benefits for users.

Application Platform Main Functionality Key Benefit

Google Lens Google Play Instant object Provides detailed information and search results based on
identification recognized objects

CamFind App Store, Image recognition Offers detailed information and shopping links for identified
and object objects
classification

TapTapSee App Store, Object recognition Provides auditory descriptions of objects in real-time to enhance
for visually impaired accessibility for users with visual impairments

Real-world applications using object detection technology have showcased its versatility and significance in
various domains. From the interactive and informative experience offered by "Google Lens" to the seamless shopping
and discovery facilitated by "CamFind," object detection has revolutionized how we interact with the world around
us. Moreover, applications like "TapTapSee" have demonstrated the profound impact of object detection in enhancing
accessibility for visually impaired individuals. As the technology continues to advance, we can expect even more
innovative and transformative applications leveraging object detection to address real-life challenges and improve
user experiences across diverse industries.

Structured Ways of Building an Object Detector Data Source

Object detection models heavily rely on high-quality training data for accurate and reliable performance.
Building a structured object detector data source involves various approaches and techniques to ensure the dataset's
diversity, precision, and scalability. One of the primary methods is hand-annotated datasets, where human experts
meticulously label objects in images. Although this process can be time-consuming, it offers precise annotations,
making it suitable for specialized use cases. To streamline the manual annotation process, developers can utilize tools
like Labelbox, RectLabel, and VoTT.

Another effective strategy for building a robust dataset is leveraging pre-trained datasets such as COCO,
ImageNet, and PASCAL VOC for transfer learning. By starting with pre-trained models and fine-tuning them on
specific datasets, developers can significantly speed up the training process and improve object detection performance.
Create ML, a popular tool in the Apple ecosystem, supports this technique, making it accessible to developers.

Data augmentation techniques also play a crucial role in enhancing the diversity of the dataset. By applying
various transformations like rotation, flipping, scaling, and color changes, developers can create multiple variations
of the original data, thereby improving the detector's generalization and reducing overfitting.

In some cases, real-world data may not be sufficient to cover all possible scenarios. Here, synthetic data
generation comes into play. Developers can create synthetic data using 3D rendering engines or generative models,
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allowing them to control object placements, backgrounds, and lighting conditions. This approach helps address the
limitations of real-world data collection and further augments the dataset's diversity.

To optimize the training dataset and reduce annotation efforts, active learning strategies can be implemented.
Active learning involves selecting the most informative samples for manual annotation, effectively focusing the
annotation efforts where it matters the most. By doing so, developers can achieve higher detection accuracy while
minimizing the annotation workload.

To ensure the dataset remains up-to-date and relevant, it is crucial to follow best practices for maintaining a
structured object detector data source. Regularly updating the dataset based on new scenarios, edge cases, and
emerging trends is vital for adapting the object detector to changing real-world conditions.

In conclusion, building a structured object detector data source involves a combination of various techniques
and strategies. Hand-annotated datasets, transfer learning with pre-trained models, data augmentation, synthetic data
generation, active learning, and semi-supervised learning all contribute to creating a comprehensive and diverse
training dataset. Following best practices for dataset maintenance ensures the object detector remains accurate and
performs effectively in real-world applications.

Creating a model for detecting a sport games surfaces using the Action & Vision App

In the realm of modern technology, the Action & Vision app stands as a remarkable testament to the synergistic
capabilities of Vision and Core ML technologies. By seamlessly integrating these powerful tools, the app ventures
into the intricate world of sports environments, deciphering player movements and interactions with objects with
unprecedented precision.

Central to this innovative endeavor is the development of an app that not only captures sports scenes but also
comprehends them. The app's underlying framework involves the meticulous curation of a diverse image dataset,
meticulously annotated to facilitate the training of a robust model. This pivotal phase is elevated with the assistance

of Roboflow, a specialized service that streamlines data collection and annotation, ensuring the model's accuracy and
efficacy.
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Fig 6. Annotating Images on Roboflow

Once the dataset is curated and annotated via Roboflow, it is transformed into a comprehensive training dataset.
This dataset is then utilized to build a robust detection model, tailored to function seamlessly with Vision and Core
ML frameworks on iOS devices.

The core functionality of the app hinges upon its ability to perform real-time scene analysis and accurately
identify tables and rectangles within the video frames. This is achieved through the intelligent application of
VNCoreMLRequest, a Vision framework component. The trained object detection model, informed by the diverse
dataset and robust training process, is employed to identify and outline tables and rectangles in each frame of the video
stream.
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Fig 7. Generating Model with Create ML

Subsequent to the successful generation of the detection model, the app harnesses the capabilities of Core ML
Preview mode. This feature enables the integration of the model into the application and allows for real-time testing
and validation of the model's performance on sample video frames. This iterative testing process ensures the model's
accuracy and reliability in identifying tables and rectangles across various scenarios.
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Fig 8. Using Core ML Preview Mode
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Fig 9. Using the model in the iOS app

In essence, the integration of machine learning models via Core ML within the Action & Vision app showcases
the profound impact of Vision and Core ML on advancing object detection capabilities. This marriage of technologies
not only augments the functionality of the app but also serves as a testament to the transformative potential of machine
learning and computer vision in the modern technological landscape.

Experiments and directions of further work

As object detection technology continues to advance, there are several directions for future work to enhance
the capabilities and applications of object detectors. First, exploring more advanced data augmentation techniques and
generative models can further improve dataset diversity and expand the training data pool.

Additionally, the integration of domain adaptation methods can help improve the generalization of object
detectors to new environments and domains. This is particularly relevant in scenarios where the training data may
differ significantly from the test data.

Furthermore, research on active learning strategies tailored specifically for object detection can lead to more
efficient annotation processes and better utilization of limited labeled data.

Lastly, investigating methods to address potential biases in the training data and ensuring the fairness and ethics
of object detection models is essential, especially in applications with high social impact.

By continuously exploring and advancing these areas, object detection models can continue to evolve and
provide valuable insights and solutions in a wide range of real-world applications.

Conclusions

In our constantly developing world virtual, augmented, and mixed reality technologies are becoming integral
parts of our daily lives. The study has highlighted the significance of object detection in the domains of computer
vision and Al, as it empowers machines to identify and locate objects in images or video frames. The accuracy and
performance of object detectors are intricately linked to the quality and diversity of the training data, making the
establishment of a reliable data source a critical endeavor.

Through a systematic exploration of methodologies and insights derived from Apple's Create ML
documentation, this research has successfully constructed structured approaches for building a real-world object
detector data source. Additionally, the paper has shed light on various real-world applications that leverage object
detection technology, available on platforms like the App Store and Google Play. The culmination of this work is the
development of a robust object detection model, tailored to seamlessly integrate with Vision and Core ML frameworks
on i0S devices. This model excels in identifying and outlining tables and rectangles within video streams, particularly
in the context of sports game surfaces. The practical implications of this research extend beyond the academic realm
and pave the way for the creation of a mobile application, the Action & Vision App, which will simulate sports games.
This application holds the potential to revolutionize the way players practice and enhance their skills, extending the
boundaries of traditional training fields.
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