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The 5th International Conference on Intelligent Cybernetics Technology & Applications 2025 (ICICyTA 2025) is
scheduled to be held on December 17-19, 2025, in Jogjakarta, Indonesia. This event will be conducted in a
hybrid format, accommodating both onsite and virtual participants, and is jointly hosted by Human Centric
(HUMIC) Engineering at Telkom University (Tel-U) and supported by Bina Nusantara University (Binus),
Pembangunan Nasional "Veteran" Yogyakarta University (UPNVY) and Pembangunan Nasional "Veteran"
Jakarta University (UPNVJ), Indonesia. Moreover, this conference is sponsored by Humic Engineering and
IEEE Indonesia Section.

Fig. 1. Example documentation photos taken Fig. 2. Example documentation photos taken
during the conference onsite. during the conference online.

This year's conference focuses on the theme " AI-Driven Transformation: Cybernetic Systems for Sustainability,
Security, and Smart Living." Papers accepted through the rigorous review process will be considered for
publication in IEEE Xplore, subject to compliance with its scope and quality standards. We encourage
submissions of original and innovative research in fields such as cybernetics, computational intelligence, IoT,
biomedical engineering, and related disciplines.

ICICyTA 2025 aims to foster meaningful discussions and collaborations among researchers and practitioners.
The selection process for this conference has been highly competitive, resulting in 152 papers has been accepted
(Acceptance ratio 56.1%). These paper come from various region such as Asia/pacific, The United Kingdom,
The United States of America, The Middle East, Africa and Latin America. We hope these works will inspire
further research and practical solutions for sustainable, secure, and smart living. We deeply appreciate the
dedication of authors and the meticulous reviews provided by experts, which have ensured the integrity of the
program.

In closing, we extend our sincere gratitude to all contributors and participants for their support and active
engagement in ICICyTA 2025. Your efforts are integral to the success of this conference.
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DFU-MFLIT-Unet: Multi-Fuzzy Lightweight Transformer U-Net for Diabetic Foot Ulcer Segmentation

Purwono Purwono (Universitas Harapan Bangsa, Indonesia), Wahyu Caesarendra (Curtin University Malaysia, Malaysia), Alfian Maarif (Universitas Ahmad Dahlan,

Indonesia), Iswanto Iswanto, Is (Universitas Muhammadiyah Yogyakarta, Indonesia) 298
Development of a Machine Learning-Based Diagnostic Support System for Early Identification of Breast Cancer Using Mammography Numerical Data

Jovita Anmaria Cahya (Bina Nusantara University, Indonesia), Sugiarto Hartono (Bina Nusantara University, Indonesia) 304

EEG-Based Biosignal Analytics for Measuring English Speaking Anxiety
Alfian Akbar Gozali (Telkom University, Indonesia), Iis Nurhayati (Telkom University & Padjadjaran University, Indonesia), Gartika Rahmasari (ARS University,
Indonesia) 310

Parallel Session 3C (3C)

Blockchain-Based Collaborative Traceability Framework for Inclusive and Transparent Fisheries Supply Chains: Case Study of Aruna
Lulu Athallah (Telkom University, Indonesia), Andry Alamsyah (Telkom University, Indonesia) 316
GMM Synthetic Data for Robust Intelligent Irrigation Control with Random Forest and Ant Colony Optimization

Azriel Ichsan Dahari (Universitas Telkom, Indonesia), Aji Gautama Putrada (Telkom University, Indonesia), Novian Anggis Suwastika (Telkom University, Indonesia)

. 322

Performance Evaluation and Optimization of Deep Neural Network Architectures for Photovoltaic Power Forecasting
Titiek Suheta (Institut Teknologi Adhi Tama Surabaya, Indonesia) 328

IoT Based Monitoring and Support System for Axolotl (Ambystoma mexicanum) Breeding
Alby Gadiel (Bina Nusantara University, Indonesia), Edward Edward (Bina Nusantara University, Indonesia), Nicholas Tjhai (Bina Nusantara University, Indonesia),

Erwin Halim (Bina Nusantara University & School of Information Systems, Indonesia) 334
A Novel GWO-XGBoost Framework with Constrained Feature Selection for Enhanced ASD Screening in Children
Chatelia Dyah Prameswari (Telkom University, Indonesia), Untari Novia Wisesty (Telkom University, Indonesia) 341

Developing Predictive Models for Carbon Emissions Reduction in Village Areas
Anton Dwi Fitriyanto (Bina Nusantara University & PT Fujitsu Indonesia, Indonesia), Harry Sutanto (Binus University Indonesia & Padjadjaran University Bandung
Indonesia, Indonesia), R. A Aryanti Puspokusumo (Binus University, Indonesia) 347

Parallel Session 3D (3D)

Multimodal Sentiment Analysis via Platform X with Hybrid CNN-BiGRU method and FastText Feature Expansion

Adinda Laras Sri Rahtami (Telkom University, Indonesia), Erwin Budi Setiawan (Telkom University, Indonesia) 352

Lead Time Prediction Using Machine Learning Algorithm in Construction Manufacturing
Musa Aleksander Partogi (Binus University, Indonesia) 358
Multimodal Information Credibility on Social Media X Using a Hybrid CNN-BiGRU with Particle Swarm Optimization

Gede Bagus Krishnanditya Merta (Universitas Telkom, Indonesia), Erwin Budi Setiawan (Telkom University, Indonesia) 364
Multimodal Sentiment Analysis on Platform X Using a Hybrid CNN and IndoBERT Approach with Word2Vec Feature Expansion

Luna Aulia (Telkom University, Indonesia), Erwin Budi Setiawan (Telkom University, Indonesia) 370

Prediction of Side Effects in Inmune System Disorders Using Grey Wolf Optimizer and Support Vector Machine

Althaf Rizqullah (Universitas Telkom, Indonesia), Angel Metanosa Afinda (Telkom University, Indonesia), Isman Kurniawan (Telkom University, Indonesia) .. ... . . 376
Parallel Session 3E (3E)

Integration of Machine Learning and Evolutionary Algorithms for Portfolio Risk Management: A Case Studly of the Euro Stoxx 50

Arina Pratiwi Suwarna (Telkom University, Indonesia), Dwi Fitrizal Salim (Telkom University, Indonesia) 382
Integrating Knowledge Graphs and Semantic Retrieval for Indonesian Legal Question Answering

Muhammad Aqil Ghazali Anhein (Universitas Telkom, Indonesia), Kemas Wiharja (Telkom University, Indonesia) 389
Aspect-Based Sentiment Analysis of Automotive Brand Products Using IndoBERT

Muhammad Prudentio Jawairul Falah (Bina Nusanta University, Indonesia), Emny Harna Yossy (Universitas Bina Nusantara, Indonesia) 395
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A Content-Based Game Recommender 5ystem with I F-IDF Method
Hafidz Hito Baihaqi (Telkom University, Indonesia), ZK Abdurahman Baizal (Telkom University, Indonesia) 401

Real-time Interview Training Application Using Local Large Language Models
Hannan Azhar (Canterbury Christ Church University, United Kingdom (Great Britain)), Sasha Cardwell (Computing, Al and Cyber Security, Canterbury Christ Church
University, United Kingdom (Great Britain)) 407

Parallel Session 4A (4A)

Evaluating Financial Literacy App Saku.in: TELOS-Based Assessment and Gamification Impact Study
Calvin Jonathan Santoso (Jakarta Intercultural School, Indonesia), Danny Sebastian (Universitas Kristen Duta Wacana, Indonesia), Restyandito Restyandito (Duta
Wacana Christian University, Indonesia) 413

Liveness Detection Utilizing Ensemble Deep Learning Method for Biometric Authentication

Tsabita Bayu Kandi (Telkom University, Indonesia), Vera Suryani (Telkom University, Indonesia) 419

EndoHMC: A Four-Level Hierarchical Multi-Task Framework for Comprehensive Gastrointestinal Endoscopy Analysis

Ruvita Faurina (Universitas Gadjah Mada, Indonesia), Sunu Wibirama (Universitas Gadjah Mada, Indonesia), Teguh Bharata Adji (Universitas Gadjah Mada,
Indonesia) 425
Spatiotemporal Attention Mechanism on ResNet-ConvGRU for Video-Based Violence Detection

Irma Amelia Dewi (Institut Teknologi Bandung, Indonesia), Jihan Nur Amalina Firzanah (Institut Teknologi Nasional Bandung, Indonesia), Kusprasapta Mutijarsa
(Institut Teknologi Bandung, Indonesia), Nugraha Priya Utama (Institut Teknologi Bandung, Indonesia), Dion Tanjung (Institut Teknologi Bandung, Indonesia), Jong
Deok Kim (Pusan National University, Korea (South)), Yoanes Bandung (Institut Teknologi Bandung, Indonesia) 431

Privacy-Preserving Synthetic Data Generation Using Conditional Tabular Generative Adversarial Networks

Virezo Georgian (Telkom University, Indonesia), Yudhistira Nugraha (Telkom University, Indonesia), Muhamad Erza Aminanto (Monash University Indonesia,

Indonesia) 437
A Block-based Reversible Data Hiding Method using Random Seed-based Position Selection

Bambang Wahyudi (Telkom University & Sepuluh Nopember Institute of Technology (ITS), Indonesia), Tohari Ahmad (Institut Teknologi Sepuluh Nopember,

Indonesia) 443
A Machine Learning-Based Approach to Quantifying Uncertainty for Crop Recommendation

Damar Wicaksono (Institut Teknologi Sepuluh Nopember, Indonesia), Joko Lianto Buliali (Institut Teknologi Sepuluh Nopember, Indonesia), Shintami Chusnul
Hidayati (Institut Teknologi Sepuluh Nopember, Indonesia) 449

Parallel Session 4B (4B)

Comparative Analysis of Multivariate Models for Cryptocurrency Price Trend Prediction

Charly Tantowi (Bina Nusantara University, Indonesia), Matthew Gunawan (Bina Nusantara University, Indonesia), Miguel Ferdinand Lo (Bina Nusantara University,
Indonesia), Noerlina (Bina Nusantara University, Indonesia) 455

Revealing the Usability Issues in the Mobile Fitness Softwares

Arfive Gandhi (Telkom University & Universitas Indonesia, Indonesia), Prati Hutari Gani (Telkom University, Indonesia) 461

LearnCyber - Addressing Security and Privacy Concerns: Personalised Learning Tools
Jiechen Li (King's College London, United Kingdom (Great Britain)), Tasmina Islam (King's College London, United Kingdom (Great Britain)) 467

Transformer-Based Multimodal Biometric Authentication Using Signature and EEG Signals
Abhay Premkumar Nambiar (King's College London, United Kingdom (Great Britain)), Tasmina Islam (King's College London, United Kingdom (Great Britain))
Privacy-Preserving Face Recognition with RBAC and Template-Only Storage

........................... 473

Weichen Ni (King's College London, United Kingdom (Great Britain)), Tasmina Islam (King's College London, United Kingdom (Great Britain)) 479

Parallel Session 4C (40)

Performance Analysis of Textual and Structural Embeddings in Graph Convolutional Networks for Fake News Detection

Siti Nurafifa Zainul Karima (Telkom University, Indonesia), Fitriyani Fitriyani (Telkom University, Indonesia) 485

Application of CNN-LSTM in Dynamic Pose Classification in Badminton Using Landmark Tracking
Imam Wijayanto (Telkom University, Indonesia), Bedy Purnama (Telkom University, Indonesia) 491

Enhancing YOLO-Based Object Detection Using Multi-Channel Image for Domestic Service Robot

Cahya Dwiki Rezya Meidiantoyo (Institut Teknologi Sepuluh Nopember Surabaya, Indonesia), Muhammad Attamimi (Institut Teknologi Sepuluh Nopember,
Indonesia), Astria Nur Irfansyah (Institut Teknologi Sepuluh Nopember, Indonesia) 497

Leveraging Comparative Explainable Deep Learning for Heart Disease Risk Prediction under Imbalanced Data and Dual Validation Strategies
Austin Patrick Tatengkeng (Bina Nusantara University, Indonesia, Indonesia), Althof Hazelio Prabaswara (Bina Nusantara University, Indonesia), Reyhan Imanullah
(Bina Nusantara University, Indonesia), Eka Miranda (Bina Nusantara University, Indonesia) 503

Analyzing BERT-base Layers and Pooling Configurations for Automatic Readability Assessment

Aurellia Gita Elysia (Bina Nusantara University, Indonesia), Yulyani Arifin (Bina Nusantara University, Indonesia) 509
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Parallel Session 4D (4D)

Blockchain Smart Contracts for Automated Credit Approval in Savings and Loan Cooperatives

Zalina Fatima Azzahra (Telkom University, Indonesia), Sinung Suakanto (Telkom University, Indonesia), Taufik Adi (Telkom University, Indonesia), Mifta Ardianti

(Telkom University, Indonesia), Nur Ichsan Utama (Telkom University, Indonesia)
File Type Identification Using Byte2Vec and BiLSTM-BiGRU
Kirsten Winther Thjahyadi (Bina Nusantara University, Indonesia), Aditya Kurniawan (Bina Nusantara University, Indonesia)

Cloning and Tampering with MIFARE Classic Cards: An Empirical Assessment in Live Systems
Gabriel Henrique Barros Damasceno (National Institute of Telecommunications (Inatel), Brazil), ftalo A S Tacca (Instituto Nacional de Telecomunicagdes, Brazil),
Guilherme Pedro Aquino (Instituto Nacional de Telecomunicagdes, Brazil), Evandro Cesar Vilas Boas (Instituto Nacional de Telecomunicacdes, Brazil)
IoT-Based Tomato Plant Monitoring System with Mobile Application Support for Care Efficiency

Ikram Mahesa Daratullah (Telkom University Jakarta, Indonesia), Rana Zaini Fathiyana (Telkom University, Indonesia), Demi Adidrana (Telkom University,
Indonesia)

Improving UAV Network Performance via PSO-Based Task Distribution with SDN Support and Obstacle-Aware Energy Modeling
Yasameen A. Al-Janabi, Ms (University of Babylon, Iraq), Ahmed Mahdi Al-Salih III (University of Babylon & College of IT, Iraq)

Parallel Session 4E (4E)

Next-Basket Recommendation using TF-IDF and SASRec with Adaptive Weighting
Frederico de Rosari (Universitas Telkom, Indonesia), ZK Abdurahman Baizal (Telkom University, Indonesia)

Integration of an Emotional-Aware Recommender System Based on SBERT and Aspect-Based Sentiment Analysis for Korean Skincare Product
Recommendations

Khairunida Khumaira (Universitas Telkom, Indonesia), ZK Abdurahman Baizal (Telkom University, Indonesia)

Adaptive Instance-wise Stacking Ensemble for Inminent Customer Purchases in Telecommunications
Rio Nur Arifin (Bina Nusantara University, Indonesia), Antoni Wibowo (Bina Nusantara University & Jakarta, Indonesia)

An Efficient and Lightweight Model for Fake Review Detection using TF-IDF and XGBoost
Auliya Anggraeni (Telkom University, Indonesia), Deny Haryadi (Telkom University, Indonesia), Rana Zaini Fathiyana (Telkom University, Indonesia)
Machine Learning-Based Demand Forecasting in the Packaging Industry: A Random Forest Approach

Alina Cynthia Dewi (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia), Nur Fajriah (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia),
Ria Astriratma (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia), Ledya Novamizanti (Telkom University, Indonesia), Christanto Triwibisono (Telkom
University, Indonesia), Vina Sari Yosephine (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia)

Parallel Session 5A (5A)

The Effect of Chatbot Effectiveness, Digital Culture, and Digital Motivation on Sustainable Innovation in the Hotel Industry
Dicky Hida Syahchari (BINUS University & Bina Nusantara University, Indonesia), Nila Astiti (BINUS Business School, Bina Nusantara University, Indonesia), Arif
Zulkarnain (Bina Nusantara University, Indonesia), Agung Gita Subakti (Bina Nusantara University, Indonesia), Supina Sapri Djalam (University of Tabuk, Saudi
Arabia), Juliana Juliana (Universitas Pelita Harapan, Indonesia)

A Comparative Study of Augmented Reality and Image-Based Learning on Student Performance
Dino Caesaron (Telkom University, Indonesia), Shalisa Rizkiannisa (Telkom University, Indonesia), Nadia Daliana (Telkom University, Indonesia), Susmitha Canny
(Telkom University, Indonesia), Kristiana Damayanti (Universitas Katolik Parahyangan, Indonesia), Thedy Yogasara (Universitas Katolik Parahyangan, Indonesia),
Ilma Mufidah (Telkom University, Indonesia)

RAG Chatbot Architecture for Law & Crime News using Hybrid Retrieval and Small Language Model

Muhammad Khoirul Umamil Achyar (Universitas Gadjah Mada, Indonesia), Widy Widyawan (Gadjah Mada University, Indonesia), Azkario Rizky Pratama (UGM,
Indonesia)

Integrated 3D Lung Cancer Analysis with Evaluation of ViT-Based Architectures for Segmentation

Faysal Fadel Maulana (Universitas Gadjah Mada, Indonesia), Sholy Putri Fauzya, S. Si (Gadjah Mada University, Indonesia), Igi Ardiyanto (Universitas Gadjah Mada,
Indonesia), Hanung Adi Nugroho (Universitas Gadjah Mada, Indonesia)

T5-Based Indonesian Command Interpretation for Robot Task Planning
Kamila Izzati (Institut Teknologi Sepuluh Nopember Surabaya, Indonesia), Muhammad Attamimi (Institut Teknologi Sepuluh Nopember, Indonesia), Djoko Purwanto
(Institut Teknologi Sepuluh Nopember, Indonesia)

Auto-ROI for Indonesian Primary Thoracic Dataset in CNN-Pneumonia Classification

Andini Nur Hidayah (Universitas Telkom, Indonesia), Wahyu Andi Saputra (Telkom University, Indonesia)

Parallel Session 5B (5B)

Analysis of Design Patterns and Benchmark Practices in Apache Kafka Event-Streaming Systems

Muzeeb Mohammad (Georgia Institute of Technology, USA)
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Security at Scale: Ethical Container Exploitation in Orchestrated Environments with Kubernetes

Rakesh Keshava (IEEE Senior Member, USA), Arun Kumar Elengovan (Okta Inc. and IEEE Senior Member, USA), Isan Sahoo (IEEE Senior Member, USA), Pavan
Nutalapati (USA), Bindu Harve (Independent Researcher, USA), Deepak Kole (IEEE Senior Member, USA), Nandagopal Seshagiri (Okta Inc., USA)

Al-Powered Text-to-SQL Translation: Enabling Natural Language Interfaces for Databases

Pavan Nutalapati (USA), Rakesh Keshava (IEEE Senior Member, USA), Nandagopal Seshagiri (Okta Inc., USA), Bindu Harve (Independent Researcher, USA), Deepak
Kole (IEEE Senior Member, USA), Isan Sahoo (IEEE Senior Member, USA), Vinay R Soni (USA)
Resilient Microservices: A Systematic Review of Recovery Patterns, Strategies, and Evaluation Frameworks

Muzeeb Mohammad (Georgia Institute of Technology, USA)

Design of Web Based Savings and Loan Applications at the Artha Sejahtera Employee Cooperative Makassar
Muh Agsa R (Bina Nusantara University, Indonesia), Muh Nur Fajar (Bina Nusantara University, Indonesia), Sarwo (Binus Online Learning, Bina Nusantara
University, Indonesia)
Evidence from the Practitioners: How Business Intelligence is Reshaping Workforce Strategy in Indonesian Corporations

Anita Maharani (Bina Nusantara University, Indonesia)

Parallel Session 5C (5C)

From Sensors to Decisions in an Undergraduate e-Logistics Course

Vina Sari Yosephine (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia)

Design of A Biometric Learning Analytics Dashboard for VR-Based Engineering Education
Jose Hizkia Sembiring (Bina Nusantara University, Indonesia), Maria Anastasya L.Tobing (Bina Nusantara University, Indonesia), Teguh Prasandy (Bina Nusantara
University, Indonesia), Amir Tjolleng (Bina Nusantara University, Indonesia), Fajar Kurniawan (Bina Nusantara University, Indonesia), Hwa Yap (University of Malaya,
Malaysia), Siti Nurmaya Musa (Universiti Malaya, Malaysia)

Developing A User-Centric Design Framework for Substation Automation Systems using Quality Function Deployment Methods

Reza Bagus Nugrahardiyono (Binus University, Indonesia), Hubertus Davy Yulianto (Universitas Bina Nusantara, Indonesia), Irma Ratna Avianti (BINUS University,
Indonesia)

Perceptions of Gibberlink Implementation to Reduce Data Leakage in Indonesia

Steven (Bina Nusantara University, Indonesia), Bernardus Alfred Sidharta (Bina Nusantara University, Indonesia), Stephanie Dorothea Tan (Bina Nusantara
University, Indonesia), Erwin Halim (Bina Nusantara University & School of Information Systems, Indonesia)
Strategic Priorities for Green Building: Combining Structural Equation Modelling and Importance-Performance Analysis to Drive EET Adoption

Ismiriati Nasip (Bina Nusantara University, Indonesia), eka Sudarmaiji (University of Pancasila, Indonesia)

Automated License Plate Detection and Privacy Protection Using YOLO12

Hani Neiroukh (Princess Sumaya University for Technology & Hani Neiroukh, Jordan), Heba Abdel Nabi (Princess Sumaya University for Technology, Jordan)

Parallel Session 5D (5D)

Exploring Determinants of Crypto Asset Investment Intentions: A Qualitative Study
Angelia Cristine Jiantono (Bina Nusantara University, Indonesia), Elfindah Princes (Binus University, Indonesia)
H-SAFE: An IoT-Based Smart Hypothermia Alert and Field Emergency System

Hakim Giraldi Saputra (Telkom University Jakarta, Indonesia), Rana Zaini Fathiyana (Telkom University, Indonesia), Demi Adidrana (Telkom University, Indonesia)
Enhancing Traffic Density Pattern Recognition through YOLOv8 Variants

Sarwo (Binus Online Learning, Bina Nusantara University, Indonesia)
Rhythm-Aware BERT Architecture for IoT-Integrated ECG Arrhythmia Detection
Satria Mandala (Universitas Telkom, Indonesia), Niken Cahyani (Telkom University, Indonesia), Muhammad Naufal Thariq Ardian (Telkom University, Indonesia),

Gloria Evelyn Raunsay (Telkom University, Indonesia)
Adaptive Q-Learning for Stochastic Inventory Optimization in SMEs with IoT-Integrated Edge Intelligence

Vina Sari Yosephine (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia)

Parallel Session 5E (5E)

Performance of Optimized CNN Models In classification of Citrus Limon Diseases
Isaac Angelo M. Dioses (Mapua University, Philippines)

Public Sentiment Analysis Towards Bitcoin And Ethereum On Platform X Using Graph Neural Network (GNN)

Muhamad Meidy Mahardika (Telkom University, Indonesia), Fitriyani Fitriyani (Telkom University, Indonesia)

Language Anxiety Identification in Social Media Using BERT

Raisa Aliya Zahra (Telkom University, Indonesia), Kemas Lhaksmana (Telkom University, Indonesia)
Entity Extraction in Scientific Articles in the Field of AI
Qualifia Nayyara Ammarani (Telkom University, Indonesia), Ade Romadhony (Telkom University, Indonesia)
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Design and Implementation of 1ol and Smart Farming Hydroponic Systems for Adaptive Nutrition and pH Regulation in Strawberry Cultivation

Mohammad Fadhol (Institut Teknologi Sepuluh Nopember, Indonesia), Febriliyan Samopa (Institut Teknologi Sepuluh November, Indonesia)

Parallel Session 6B (6B)

The Enhancement of Document Type File Encryption and Decryption for Company by Utilizing Data Structure
Maria Seraphina Astriani (Bina Nusantara University, Indonesia), Ari Jaya Teguh (Binus University, Indonesia), Michael Lee Koesumo (Bina Nusantara University,
Indonesia), Riki Awal Syahputra (Bina Nusantara University, Indonesia), Andreas Kurniawan (Bina Nusantara University, Indonesia), Wahyu Sardjono (University of
Bina Nusantara, Indonesia)

Sustainable and Integrated Decision Support System Model for Humanitarian Logistics in Indonesia
Maria Loura Christhia (Industrial Engineering Department, BINUS Online Learning, Bina Nusantara University, Jakarta, Indonesia 11480, Indonesia), Ahmad Ardi
Wahidurrijal (Industrial Engineering Department, BINUS Online Learning, Bina Nusantara University, Jakarta, Indonesia 11480, Indonesia), Abimanyu Bagarela

Anjaya Putra (Computer Science Department, BINUS Online Learning, Bina Nusantara University, Jakarta, Indonesia 11480, Indonesia), Mariana Syamsoeyadi
(Graduate Program Bina Nusantara University, Indonesia), Stella Tio Caroline (Binus Online Learning, Indonesia)

Connecting Work Flexibility and Productivity: The Mediating Role of Team Cohesion in Technology-Driven Work Environments for the Technology
Industry in Indonesia
Ronald Tan (Bina Nusantara University, Indonesia), Devan Christian Lianto (Bina Nusantara University, Indonesia), Jovan Dharmawan (Bina Nusantara University,
Indonesia), Okta Prihatma Bayu Putra (Bina Nusantara University, Indonesia)

Monitoring and Usability Evaluation in Prosia Project Management

Anggun Karenina Fishabilillah (Bina Nusantara University, Indonesia), Made Baihaqi Aji Kumuda (Bina Nusantara University, Indonesia), Rizky Cahyaditia (Bina
Nusantara University, Indonesia), Dina Fitria Murad, Dfm (Bina Nusantara University, Indonesia), Antonius Deni Paul Lega (Bina Nusantara University, Indonesia)

Parallel Session 6C (6C)

Development of a Web-Based Vocational Training Major Recommendation System for Persons with Disabilities at Sentra Terpadu Inten Soeweno (STIS)

Dian Aprian (Bina Nusantara University, Indonesia), Ketut Gde Amerta Saget (Bina Nusantara University, Indonesia), Adiyoso Adiyoso (Bina Nusantara University,
Indonesia), Riyan Leandros (Bina Nusantara University, Indonesia)

Integrating Fuzzy-Probabilistic Optimization and Cybernetic Feedback for Cost-Responsive Inventory Replenishment
Elvi Armadani (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia), Vina Sari Yosephine (Universitas Pembangunan Nasional Veteran Jakarta,
Indonesia), Riki Hendra Purba (Universitas Pembangunan Nasional Veteran Jakarta, Indonesia), Irma Palupi (Telkom University, Indonesia)

An IoT Web Framework for Arrhythmia Detection Using Self-Supervised Learning with Masked Autoencoder on Rhythm ECG Signals

Satria Mandala (Universitas Telkom, Indonesia), Cantika Aurelya Putri Cahyanto (Telkom University, Indonesia), Pravitya Lintang Insani (Telkom University,
Indonesia), Wael M.S Yafooz (Taibah University, Saudi Arabia)

Reliable IoT ECG Rhythm Classification Using CECG-GAN-Augmented Conformer

Satria Mandala (Universitas Telkom, Indonesia), Lugi Febriansyah (Telkom University, Indonesia), Ahsan Morshed (Central Queensland University, Australia)

Parallel Session 7A (7A)

GenAlI CV: A GDPR-Compliant, AI-Driven Resume Builder for ATS Optimisation

Hannan Azhar (Canterbury Christ Church University, United Kingdom (Great Britain))
Design of Wearable with Wireless Multi-Sensor System for Detection of Center of Pressure Change and Lower Limb Kinematics During Pregnancy

Aminy Widinal Hartiningrum (Institut Teknologi Sepuluh Nopember, Indonesia), Achmad Arifin (Institut Teknologi Sepuluh Nopember (ITS), Indonesia), Fauzan

Arrofiqi (Institut Teknologi Sepuluh Nopember, Indonesia)

Skin Cancer Classification Using Vision Transformers and Data Balancing Techniques

Dimas Fanny Permadi Hebrasianto (Telkom University, Indonesia), Annisaa Utami (Telkom University, Indonesia), Muhamad Azrino Gustalika (Telkom University,
Indonesia), Akmelia Zahara (Telkom University, Indonesia), Khansaa Adhelia Kurnia Safitri (Telkom University, Indonesia)

Transformer-Based Model for Interpersonal Closeness Classification in Indonesian Self-Disclosure Texts

Muhammad Nurwidya Ardiansyah (Universitas Gadjah Mada, Indonesia), Teguh Bharata Adji (Universitas Gadjah Mada, Indonesia), Igi Ardiyanto (Universitas
Gadjah Mada, Indonesia)

The Effect of Digital Leadership, Digital Collaboration, and Social Value Creation on Social Entrepreneurship
Dicky Hida Syahchari (BINUS University & Bina Nusantara University, Indonesia), Nila Astiti (BINUS Business School, Bina Nusantara University, Indonesia), Teguh
Amor Patria (BINUS University, Indonesia), Christianus Christianus Manihuruk (Bina Nusantara University, Indonesia), Silverius Lake (Bina Nusantara University,
Indonesia), Diena Dwidienawati (Business Management Program BINUS Business School Bina Nusantara University, Indonesia)

RGB-D Object Recognition for Varying Lighting Conditions using Gated EfficientNet
Mawaddah Sekar Rahmawati (Institut Teknologi Sepuluh Nopember, Indonesia), Muhammad Attamimi (Institut Teknologi Sepuluh Nopember, Indonesia), Ronny
Mardiyanto (Institut Teknologi Sepuluh Nopember, Indonesia)
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Parallel Session 7B (7B)

Student Acceptance of Large Language Models for Algorithm Learning: A Technology Acceptance Model Approach

Dennis Rizky Syahputra (Telkom University, Indonesia), Kemas Lhaksmana (Telkom University, Indonesia)

Usability Evaluation - User Experience Indonesia Train Ticket Reservation: System Usability Scale (SUS) and Think-Aloud Protocol

Luna Amarya Jati (School of Information Systems, Bina Nusantara University, Indonesia), Amalia Putri Azzahra (School of Information Systems, Bina Nusantara
University, Indonesia), Edi Purnomo Putra (Bina Nusantara University, Indonesia), Fathy Radhia (Bina Nusantara University, Indonesia)

Multimodal Depression Detection on Social Media X with Hybrid Deep Learning CNN-LSTM with Word2Vec Feature Expansion

Zahwa Ayska Fairana (Telkom University, Indonesia), Erwin Budi Setiawan (Telkom University, Indonesia)

Machine Learning Models For Enhancing Lead Conversion Rates In Educational Institutions

Jose Ferocious Rochaz (Binus University, Indonesia), Suharjito Suharjito (Bina Nusantara University, Indonesia)

Enhancing Solar Power Output Forecasting Using a Hybrid Transfer Function-LSTM

Yunia Sa'adah Yunia (Institute Technology of Sepuluh Nopember, Indonesia), Irhamah Irhamah (Institut Teknologi Sepuluh Nopember, Indonesia), Dedy Dwi Prastyo
(Institut Teknologi Sepuluh Nopember, Indonesia)

Parallel Session 7C (70)

Stock Clustering on the Indonesia Stock Exchange for Dividend-Based Investment Recommendations for MSMEs

Mahesa Bena Alvina (Bina Nusantara University, Indonesia), Madelaine Alice Marsaulina Sibarani (Binus University, Indonesia), Robertus Nugroho Perwiro Atmojo
(Bina Nusantara University, Indonesia)

Performance Evaluation of an IoT-based Early Hypertension Detection System Using Multiple Input Parameters with Fuzzy Logic Control
Ni Putu Devira Ayu Martini (Universitas Pembangunan Nasional Veteran Jakarta & UPN Veteran Jakarta, Indonesia), Cindy Kaillah Nurjanah (Universitas
Pembangunan Nasional Veteran Jakarta, Indonesia)

Tracing the Spread of 2025 Indonesian Protest Discourse Virality on X Using Social Network Analysis and BERTopic
Keinan Lidzikri Rahmandika (Universitas Telkom, Indonesia), Dian Puteri Ramadhani (Telkom University, Indonesia), Andry Alamsyah (Telkom University,
Indonesia)

Reliable and Interpretable Cross-Population Machine Learning Framework for Chronic Kidney Disease Prediction

Emmanuel Emeka Ekechukwu (Canterbury Christ Church University, United Kingdom (Great Britain)), Merlin Kasirajan (Canterbury Christ Church University, United
Kingdom (Great Britain)), Hannan Azhar (Canterbury Christ Church University, United Kingdom (Great Britain))

Context-Aware Loss for Indonesian Sarcasm Detection: A Comparative Study with Conventional Imbalance-Oriented Objectives

Bryan Mulia (Bina Nusantara University, Indonesia), Madeline Emily (Bina Nusantara University, Indonesia), Vanness Ariya Damario (Bina Nusantara University,
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Deep Learning-Driven Object Detection for Smart
Robotic Manipulation: A YOLOvI11 Training
Benchmark
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Abstract—Robotic manipulation relies heavily on vision
systems that have the capability of accurately detecting and
locating objects in dynamic environments. However, traditional
methods based on vision remain inefficient because of the
sensitivity of variations lighting, occlusions, and background
noise. Therefore, their use in robots has been limited. Deep
learning-based detectors, particularly the YOLO models, have
overcome these obstacles through end-to-end training and real-
time inference. The possible settings of YOLOv11, in terms of
model scale, optimizer, and training duration for detection of
color-coded objects in robotic perception, have few studies that
systematically assess them. This research analysed the
performance of three YOLOvVI11 variants (Nano, Small, and
Medium) in collaboration with robotic manipulation. A dataset
0f 1,536 images captured from the robot's environment was used
for evaluation of two optimizers (Stochastic Gradient Descent
and AdamW) along with four training durations (50, 100, 200,
and 400 epochs), which created a total of 24 training conditions.
The evaluation metrics were precision, recall, mAP@0.5,
mAP@0.5-0.95, and training time. The results show that
YOLOv11-Medium with SGD for 400 epochs reached the
maximum accuracy (mAP@0.5-0.95 = 0.9631), while
YOLOv11-Small with SGD for 200 epochs gave the most
efficient combination of accuracy and cost in computing
resources. The Nano model at 50 epochs was shown to be
effective for low-power embedded systems. Qualitative testing
of stereo cameras validated proper detection and the models
trained with YOLOV11 serve as a reference for selecting the
right settings, while evaluation of real-time deployment is
reserved to future research.

Keywords—YOLOv11, training, optimizer, epoch, metrics

1. INTRODUCTION

Robotic arms are essentially the tools of precision,
flexibility, and independence in smart manufacturing,
industrial automation, and intelligent systems. An intelligent
robotic manipulation will entirely depend upon the three
module integrations: perception, planning, and control. This
will enable the robots to sufficiently sense environment
conditions, make decisions, and then execute actions.
Amongst the three modules, object detection is the one that
performs the function of perception—the one that enables
robots to identify and localize objects accurately even in the
midst of dynamic environments [1]. In the case of advanced
robotic systems, the perception module is the basis for the
higher-level processes of path planning and motion control.
Object detection is an important function within this
perception layer since it gives the robots the spatial awareness
they need for making decisions and manipulation. The
research mainly focuses on the development and evaluation of
YOLOvI11 training settings to figure out the best detection
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model. The future work is expected to involve real-time
robotic perception and deployment-level performance
analysis.

Vision-based object detection techniques are mostly based
on color segmentation, edge extraction, or shape descriptors
which are not very strong to handle well the varying light,
occlusions, and color changes [2], [3]. Classical algorithms
such as Canny or Sobel edge detectors require manual
parameter tuning and are highly sensitive to noise and contrast
fluctuations, making them unsuitable for unstructured
environments typical of smart robotic manipulation [3]. The
carlier approaches of single monocular image segmentation
and 3D model reconstruction gave manipulations more
accuracy but still faced difficulties in precise localization in
dynamic environments [4]. One of the detectors in the YOLO
(You Only Look Once) family was the original YOLO, which
was the first system to surpass the two-step detection and
classification processes of image processing to achieve real-
time performance with great accuracy, thus revolutionizing
robotics perception by one single forward pass of the network
[1], [5]. Deep learning-based approaches enable feature
extraction directly from images and learn hierarchical
representations, eliminating the dependence on hand-crafted
features that constrained classical vision methods. On the
other hand, the best YOLO settings are determined by the
dataset, training settings, and application scope—variables
that have not yet been considered in depth for the scenario of
robotic manipulation with color-coded objects and different
lighting conditions.

Certainly, deep learning is the main method for robotic
perception and still gives an excellent chance for the wide
ranging application in visual domains as well as handling of
the difficult environments. One-stage detectors such as
YOLO, Single Shot Multi-Box Detector (SSD), and Efficient-
Det have performed exceptionally well in real-time detection
tasks and thus have outperformed their two-stage counterparts
like Faster R-CNN in terms of performance [5]. Naturally, the
YOLO family has resulted in a continuous increase in speed,
precision, and architectural efficiency throughout the entire
period from YOLOv1 up to YOLOVI12 [6], [7], [8], [9]. The
C3k2 block and the C2PSA attention module are within the
YOLOvI11 design and have been previously proven to
efficiently detect small and overlapping objects while
consuming limited CPU resources [8], [9]. YOLOvll's
features make it suitable for embedded and robotic
applications that require a balance between speed and
precision. However, most YOLO-related studies still focus on
generic datasets such as COCO and PASCAL VOC, which do
not reflect the structured, color-based environments typical of
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robotic grasping and manipulation [6]. Unexpectedly, there
are only a limited number of studies examining how the choice
of optimizer (Stochastic Gradient Descent (SGD) versus
AdamW) or varying training times influence YOLO'
performance in robotic applications. Existing empirical have
shown that adaptive optimizers such as AdamW tend to
stabilize convergence in gradients, but it is clear that SGD
provides strong generalization when appropriately tuned [11],
[12]. Given this context, there remains little comparison of any
optimizer applied to any specific YOLOvI11 task [10]. This
highlights an issue in the benchmarking of YOLOv11 models,
such as the nano, small, and medium version, trained in
various training setups for object detection in domains
relevant to robotics.

To close this gap, the current benchmark systematically
tests the YOLOV11-nano/small/medium models trained with
SGD or AdamW over multiple training durations—50, 100,
200, and 400 epochs—in a robotic perception environment. A
supplementary dataset was created consisting of 1,536 RGB
images featuring color-coded obstacles, targets, and grippers
to simulate real-world manipulation scenarios. Each training
iteration was scientifically analyzed based on mAP and
precision-recall ~ measurements, tracking  epoch-wise
performance, which led to selecting model-optimization pairs
that effectively balance accuracy and computational demands,
an important aspect for embedded robotics applications. This
research therefore establishes a reproducible comparison
framework that supports the optimization of deep learning—
based perception, while real-time robotic inference remains an
avenue for future exploration.

A full YOLOvI11 training assessment was performed to
close the gap, and it was applied for detecting objects in an
environment centered around manipulation tasks. A custom
dataset of 1,536 RGB images featuring color-coded obstacles,
targets, and grippers was created to simulate the actual
conditions of robotic perception. The different YOLOv11
models were trained for 50, 100, 200, and 400 epochs each,
using SGD and AdamW optimizers, and were assessed in
terms of mAP, precision-recall metrics, and convergence
characteristics. The identification of the most productive
model-optimizer pairs that weigh accuracy and computational
cost—an essential factor for embedded robotic systems—was
made possible by the results. Therefore, the present research
contributes a comparison framework that is not only
reproducible but also applicable in the optimization of deep
learning-based perception, whereas real-time robotic
inference is still a futurist working direction.

Perception plays a critical role in the efficiency and
responsiveness of vision-based robotic applications. The
model detection selection affects not only the accuracy but
also the timing requirements of subsequent modules like path
planning and inverse kinematics. The benchmark insights help
developers through the selecting and tuning of the YOLOv11
configuration for intelligent robotic applications. Although
real-time deployment is outside the scope of this research, the
analysis presented here partially clarifies misconceptions
about the role of architectural variations and training
approaches in affecting detection performance in future
robotic systems.

II. METHODOLOGY: YOLOV11-BASED OBJECT DETECTION

This research presents a comprehensive methodology for
the assessment of detection performance of YOLOvIl
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variants in the context of robotic manipulation through color-
coded objects. The method was aimed to identify the best
combination of model variant, optimizer, and training time
that would allow for accurate detection of objects in the
SCORBOT-ER 4U robotic arm environment. The procedure
comprises dataset preparation, designing the model
architecture, and configuring the training, having been
executed in an approach systematic as deep learning
methodologies that found similar with current robotic vision
research [1], [6], [9].

A. Dataset Preparation

A custom RGB image collection comprising 1,536 images
was made directly from the SCORBOT-ER 4U robotic
workstation through a camera by the authors as shown in Fig.
1. The images were captured in different areas (laboratory, big
and small workspace) with different types of light, like
sunlight through windows without artificial light, mixing of
fluorescent and LED light, and only fluorescent light in the
laboratory. The camera views included front, back, side,
diagonal, and high angles at different distances, and the blue
target, orange gripper, and colored obstacles were placed in
different positions throughout the workspace. A lot of images
have the robotic arm or other objects partly occluding the
targets, hence the dataset incorporates domain shifts in
background, viewpoint variation, and realistic occlusions
naturally. The visual aspects of the robotic environment were
represented in five groups: a blue target, an orange gripper,
and three colored obstacles (red, green, and yellow).

Every single image was uploaded to Roboflow, the cloud-
based platform utilized for dataset organizing and annotation.
The next steps in preprocessing were as follows:

e Auto-orientation, that guarantees all images take the
same upright position and have the same orientation;

e Resize to 640x640 to match YOLOvIll input
requirements;

e No synthetic augmentation. With no synthetic
augmentation, the training behavior remains

consistent, thus allowing the benchmark to isolate the
effects of model scale, optimizer, and training length
without introducing additional stochastic factors.

Roboflow's Smart Polygon and Polygon tools were used
to manually annotate each image, and this process produced
segmentation masks and YOLO-formatted labels with
normalized coordinates and item dimensions. The dataset
annotated was then exported and managed on Kaggle's GPU
environment, where it was divided into an 80% training set
and a 20% validation set, in accordance with common
machine learning protocols ensure balanced class
representation.

B. YOLOvI11 Model Architecture

The detection framework utilized in this research is
YOLOvl1, an advanced iteration of the YOLO family
developed by Ultralytics. YOLOv11 was selected because it
is capable of detecting small, overlapping, and color-based
objects efficiently, characteristics which are valuable for
robotic perceptions and adaptive behavior.

According to [6] and [9], YOLOv11 has a number of
architectural improvements that include the C3k2 block and
the Cross Stage Partial with Spatial Attention (C2PSA)
module that increase the extraction of spatial features and the
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awareness of the context as shown in Fig. 2. These modules e The Head generates bounding box coordinates, class
help to get a more precise detection without a significant probabilities, and confidence scores by using an
increase in computation, thereby making YOLOvl1I anchor-free detection mechanism that has been
especially appropriate for robotic and embedded applications. optimized for low-latency inference.

The architecture is based on the traditional backbone— The three variants of YOLOVI11 that were given the test

neck—head structure [14]: were:

e The Backbone takes the visual features from the e YOLOvll-n (Nano): a configuration that offers the
highest level down to the lowest through convolutional most minimal size and very low power consumption,
layers and the Spatial Pyramid Pooling-Fast (SPPF) suited for the usage in embedded or low-power robotic
module that combines multi-scale context information. systems.

e The Neck connects network depths from different e YOLOvlI1-s (Small): a compromise between the two
layers using Cross-Stage-Partial (CSP) connections to extremes that combines fast inference and good
improve the consistency of features and the detection accuracy.

localization of small or clustered objects.

@@  ®© @ © G

) RS ) ) 0

™ 0)

Fig. 1. Example dataset images were taken by author for classified into Gripper (a) — (c), Blue Target (d) — (f), Green Obstacle (g) — (i), Red Obstacle (j) —
(1), and Yellow Obstacle (m) — (0), under varying illumination and angles.
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Fig. 2. Architecture of YOLOv11. The enhanced backbone utilises C3k2 blocks in place of C2f, SPPF for multi-scale feature extraction, C2PSA for
attention mechanism, and an optimised neck.
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e YOLOvI1-m (Medium): a model that has the largest
size and is the most powerful one demonstrating very
high precision in detection on GPU-based platforms.

The existence of these models provided an opportunity to
study the scalability of both computational efficiency and
performance accuracy, which is representative of the demands
of robotic systems that need to trade-off between speed and
precision [1].

C. Training and Optimization Configuration

The Kaggle GPU P100 platform was utilized for the
training and benchmarking, where the Ultralytics YOLOv11
framework was deployed, thereby confirming that all the
experiments were performed under identical computational
conditions. The workflow consisted of automatic dataset
preparation, model initialization, optimizer selection, and
performance evaluation.

The training of all the YOLOvV11 variants (n, s, and m) was
done using SGD (Stochastic Gradient Descent) and AdamW
as the two optimization algorithms and the four different
training durations of 50, 100, 200, and 400 epochs at the same
time. This way, a total of 24 training configurations were
produced and hence a very thorough comparative study was
possible. The training hyperparameters setting are shown is
Table I. The initial learning rates followed to the Ultralytics
defaults, with 0.01 for SGD and 0.001 for AdamW, and both
applied with a cosine decay learning rate policy. Momentum
for SGD was 0.937, weight decay was 0.0005, and AdamW
had a standard decoupled weight decay of 0.01. Other than
these defaults, no data augmentations, scheduling
modifications, or optimizer-specific calibrations were
performed. These parameters ensure that all the model
variants were trained under the same, fully reproducible
conditions which allowed a fair and controlled comparison of
the entire benchmark.

TABLE L TRAINING PARAMETERS SETTING
Component Method Component Value
Model YOLOv11-n/ YOLOv1l-s/ | Training Single
Variants YOLOv11-m Method Training
Detection Anchor-Free, One-Stage Epoch 50, 100,
Type Detector P 200, 400
Dataset Manual collection, multi- Batch size 16
Handling lighting, multi-angle
Optimizers | SGD and AdamW Image Size | 640x640

0.0005
Loss Box loss, Class loss, Weight (SGD),
. Distribution Focal Loss
Functions (DFL) Decay 0.01
(AdamW)
Post- Non-Maximum
Processing Suppression (NMS) Momentum | 0.937
Learning 0.01 (SGD), 0.001 Kaggle
Rate (AdamW); cosine decay Platform P100 GPU

The metrics for model performance assessment were:

e Precision (P): proportion of correct detections among
all predicted detections and evaluated in (1).

P True Positives (TP
Precision = (TP) )

True Positives (TP)+False Positives (FP)

e Recall (R): proportion of correctly detected objects
among all ground-truth labels and evaluated in (2).

Un
1

True Positives (TP) (2)

Recall = — -
True Positives (TP)+False Negatives (FN)

e mAP@0.5 and mAP@0.5-0.95: mean Average
Precision across Intersection over Union (IoU)
thresholds for global accuracy.

e Training time: total time and time per epoch to assess
computational efficiency.

This benchmark concentrates on overall metrics across all
classes; per-class average precision and in-depth precision-
recall curves are reserved for future work related to
deployment-oriented analysis. All results were automatically
recorded by the Ultralytics framework and after each
experiment, datasets and result directories were archived for
reproducibility. Each of the 24 configurations was trained
once with a constant random seed. A complete multi-seed
variance analysis for all configurations will substantially
increase the computational cost and thus it will be a topic of
future work; the focus here is on a broad, controlled
comparison between model variants, optimizers, and epoch
lengths rather than on the stochastic variability that is detailed.

According to [15] and [16], AdamW usually shows quick
convergence as well as smooth loss reduction due to learning-
rate adjustment, whereas SGD is more likely to generalize
when given long training periods. This research has taken the
empirical path to assess the performance of both in their
detection capability determining the constraint of robotic
perception.

@ roboflow

=
Dataset
Storage

Dataset Annotation
& Pre-processing

Organized
Annotated Dataset
- Dataset Split

Dataset Collection
(Camera)

Qualitative
Validation

Training YOLOv11
Models with
varying parameters

Training Metrics
Evaluation

Fig. 3. Methodological pipeline for YOLOv11 training, optimization, and
qualitative validation on stereo images.

The methodology shown in Fig. 3 integrates realistic
datasets, the use of advanced deep neural network
architectures, and systematic benchmarking of optimizers into
a single experimental pipeline. The use of controlled dataset
preparation, structured model comparison, and multi-metric
evaluation not only guarantees reproducibility but also offers
precision in the assessment of detection performance. By
measuring the effects of YOLOv11 variants, optimizers, and
epoch lengths on accuracy and efficiency, this research
establishes an essential base for the integration of deep
learning-based perception to stereo vision and adaptive path-
planning systems for intelligent robotic manipulation.

III. RESULTS AND DISCUSSION

Fig. 4 presents the collective accuracy of the entire
experiment comprising 24 configurations (three YOLOv11 n
— s — m models, two optimizer SGD and AdamW, and four
epochs 50 — 100 — 200 — 400). The number of run index means
the value of last row from each results.csv file from training
results file index 1 until 24. For the different settings,
mAP@0.5-0.95 scores were found in the range of 0.9159 to
0.9631, indicating a gradual increase in performance with the
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Fig. 4. Comparison final-epoch performance metrics (mAP, loss, precision, recall, and training time) of YOLOv11 models trained with different optimizers

and epoch settings have been compared.

increase in the number of epochs. The maximum score by the
Medium model with SGD was 0.9631, followed by the Small
model with SGD (0.9582) and the Nano model with AdamW
(0.9528) at 400 epochs. This illustrates the scale of the model
and the selected optimizer highly affect the final number of
detection accuracies.

The loss curves (Box loss, Class loss, and DFL loss) as
shown in Fig. 5 shows a smooth and steady decrease of both
training and validation losses, thus confirming stable
optimization without oscillation. For every model, the
difference between training and validation losses narrows
significantly after 200 epochs, indicating improved generali-
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Fig. 5. Learning curve of YOLOv11 showing training and validation loss
reduction over 400 epochs (Box loss, Class loss, and DFL loss).
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zation. Beyond this point, the curves flatten, providing strong
evidence of convergence and highlighting that additional
training yields minimal gain. Fig. 6 additionally illustrates the
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Fig. 6. Accuracy-trend curves for all YOLOv11 setups over 400 training
epochs (mAP@0.5, mAP@0.5-0.95, precision, and recall).
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Fig. 7. Validation results from the: (a) YOLOv11-m (SGD 400), (b) YOLOv11-s (SGD 200), and (c) YOLOv11-n (SGD 50).

evolution of the aggregated precision, recall, mAP@0.5, and
mAP@0.5-0.95 during the 400-epoch schedule for all
configurations. The metrics increase rapidly during the initial
epochs, thereafter they continue to be around the saturation
level with no indications of divergence or oscillation in the
graphs. The reliable detection of the color-coded objects by
the trained YOLOv11 models under varying visual conditions
is demonstrated by representative validation results from the
three key configurations shown in Fig. 7. This uniformity of
the behavior indicates that the training setup has a correctly
detect over the natural dataset variations in lighting,
viewpoints, and partial occlusions.

During shorter training periods of 50 to 100 epochs,
AdamW and SGD demonstrated comparable performance,
indicating that both optimizers behaved similarly during the
early convergence stage marked by a rapid decrease in loss.
However, when training extended beyond 200 epochs, SGD
consistently demonstrated slightly improved generalization on
the Small and Medium models. The result highlights a
difference in how the two methods navigate the loss
landscape: AdamW quickly converges early on, frequently
settling in sharper minima, while SGD's noisy updates and
implicit regularization usually lead to wider, flatter minima
associated with improved generalization. This behavior has
been described in earlier theoretical and empirical studies
although it is not very often mentioned in connection with
YOLO-based object detectors. The recent findings confirms
this trend, indicating that extended training durations enable a
comprehensive examination of SGD's ability to generalize,
which accounts for its better performance in later epochs
compared to AdamW.

The training time analysis in Fig. 8 shows a very clear
diminishing-return trend: from 200 to 400 epochs results in
less than 1% gain in accuracy whereas total training time
nearly doubled. The outcomes of this research indicate that
200 epochs provides an optimal balance between of accuracy
and cost when dealing with robotic applications that are
limited by GPU power. The Small-SGD-200 setting gives
mAP@0.5-0.95 = 0.9500 in 5906 s, which is just 1.3% lower
than the absolute best but trained four times faster.

In order to show these trade-offs in a quantitative way, the
Table II gives the most representative results: the highest
accuracy (Medium-SGD-400), the best balance (Small-SGD-
200), and the best efficiency (Nano-SGD-50). The summary
helps the readers in quickly assessing the practical trade-offs

Un
1

iNet. Downloaded on February 02,2026 at 04:40:10 UTC from IEEE Xplore. Restrictions apply.

2

between the YOLOv11 model sizes and selecting the right
configuration according to the different hardware capabilities.

Training Time vs Performance — time (s) vs mAP50-95(B)
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Fig. 8. The trade-off between training time and model performance for
YOLOvVI11, showing the balance between computational cost and detection
accuracy (mAP50-95).

TABLE II. SUMMARY OF KEY CONFIGURATION
Configuration Type
Parameters
Best Accuracy Best Balance Best Efficiency
Model YOLOvVI1-m YOLOvI11-s YOLOvVI1-n
Optimizer SGD SGD SGD
Epoch 400 200 50
mAP@0.5-0.95 0.9631 0.9500 0.9159
Precision 0.9886 0.9835 0.9688
Recall 0.9838 0.9864 0.9862
Time (s) 26298 5906 963

Finally, Fig. 9 shows a frame from two stereo camera
captured during qualitative validation of the system. The
images show that the YOLOv11 models used in the detection
process successfully identified and labelled the colored
objects (blue target, red/green/yellow obstacles, and orange
gripper). Even though real-time performance analysis is not
included in the current scope, these demonstrations
(qualitative validation) confirm the system's compatibility
with the robotic control pipeline and show that the correct
detection is still preserved with different rooms, lighting
conditions, viewpoints, and partial occlusions.

All the results of the evaluations presented in this paper
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Fig. 9. Visualization of qualitative validation of the stereo camera input,
illustrating detection bounding boxes and class labels.

(mAP, precision, recall) were calculated with the validation
set. The study did not make use of a different test set. This
research does not include per-class AP or class-specific PR
curves because the main aim is to compare different
YOLOvl1l configurations during training rather than
providing an in-depth error analysis. In future studies focusing
on actual robotic deployment, a more comprehensive
distribution of class-wise behavior will be performed.

IV. CONCLUSION

This research carries out a comprehensive assessment of
YOLOv11 model scales (n, s, m), two optimizers (SGD and
AdamW), and four epoch durations (50, 100, 200, and 400)
for the purpose of finding the best training strategies for the
detection of objects by robotic manipulation. Among the
different configurations, the YOLOv11-Medium model with
the SGD optimizer (400 epochs) achieves the highest accuracy
(mAP@0.5-0.95 = 0.9631), whereas the YOLOv11-Small
model with the SGD optimizer (200 epochs) is found to be the
best option in terms of accuracy (0.9500) against training time,
achieves four times the speed with just a 1.3% decrease in
accuracy. Loss curves from the training data confirm that the
models all smoothly converged, with clear generalization after
200 epochs. The Nano model (50 epochs) allows for rapid
prototyping and it is also the case when the GPU is limited.
Object detection reliability has been established through
qualitative tests performed in various lighting conditions, with
occlusions, and from multiple perspectives. The benchmark
we proposed serves as a reproducible reference point for
subsequent studies that focus on deep-learning-based
perception in robotic arms. Future work will focus on
extending the analysis set of class-wise performance and its
real-time deployment.
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