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Welcome Speech from Rector

Good morning, and may peace be upon us all.

The honourable,

Representative from the IEEE Indonesia Section, as the co-sponsor of this event,

Our esteemed Plenary Speakers,

The General Chair of ISIBER 2026, along with the entire Steering and Organizing Committees,

And all the distinguished researchers, academicians, and professionals participating today.

First of all, I would like to welcome you and express my highest congratulations on the opening of ISIBER. We

are exceptionally proud to host this momentous event today, on February 26, 2026. For this inaugural edition, it

is a tremendous achievement that the accepted and presented papers will be submitted for inclusion in a globally

recognized IEEE proceeding. Congratulations to all the authors and the organizing team for this excellent

milestone.

However, as an institution that constantly innovates, our vision must not stop here. It is my great hope that the

academic spirit born from the discussions at ISIBER today does not end with the conference proceedings.

Moving forward, I have a strong ambition to develop these high-quality research collections into a regular

academic journal publication. We believe that having a reputable, periodic journal will further drive continuous

research and technological improvements in the future.

To achieve this, we cannot do it alone. As Universitas Siber Asia continues to advance our grand vision to

become a leading cyber university in Southeast Asia, we recognize the vital importance of collaboration.

Therefore, my message to you today is simple: let’s continue to work together. I invite everyone to strengthen

your partnerships with Universitas Siber Asia. Let us create a strong synergy to answer the various theoretical

and practical challenges in this digital era.

Finally, I wish you all a highly productive, inspiring, and successful conference. May this event spark new ideas

and bring real benefits to our society.

Thank you very much

 

Jang Youn Cho, B.A., M.PA., Ph.D., C.PA.

Rector of Asia Cyber University

Welcome Speech from Chair

Distinguished speakers, respected researchers, participants, ladies and gentlemen,

On behalf of the Organizing Committee, it is my great honor to welcome you to the 2026 International

Seminar on Intelligent Business and Edge-Computing Research (ISIBER), hosted by Universitas Siber Asia

in  Jakarta, Indonesia. We are truly grateful for your presence and participation. Your contributions as authors,

presenters, reviewers, and attendees are the foundation of this conference’s success.

This conference is particularly significant as it is held in collaboration with the IEEE Indonesia Section. As a

globally respected professional organization, IEEE upholds rigorous academic and ethical standards. Our
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partnership means that every submitted paper undergoes a rigorous peer-review process to ensure quality,

originality, and relevance.

ISIBER 2026 received 586 paper submissions from 33 countries. This remarkable number reflects the growing

international recognition of our conference. However, due to the stringent selection criteria, only 30,72% of the

submissions were accepted, representing authors from 20 countries. The review process was highly competitive,

and we sincerely appreciate the dedication of our reviewers and technical committee members for maintaining

fairness and excellence.

As General Chair of the Organizing Committee, I would also like to apologize for any shortcomings during this

event. We remain committed to continuous improvement and welcome your feedback.

Finally, we hope this conference fosters insightful discussions, meaningful collaborations, and lasting

professional connections. Thank you once again for being part of ISIBER. We are truly honored by your

presence and participation. On behalf of the entire organizing committee, I wish you a productive, enriching, and

memorable conference experience.

We sincerely hope to welcome you again at the next edition of the ISIBER conference next year. Until we meet

again, please stay safe, stay inspired, and continue contributing to the advancement of knowledge in our global

community.

 

Thank you very much.

Chair,

 

Dr. Ucuk Darusalam, S.T., M.T 

 

3



Foreword

In an era defined by unprecedented data generation and the relentless pursuit of immediacy, the convergence of

intelligent business practices with edge-computing research represents one of the most transformative

movements in modern technology. As we stand at the intersection of artificial intelligence and distributed

systems, it becomes increasingly clear that the future of digital infrastructure lies not solely in centralized cloud

architectures, but in the ability to process, analyze, and act upon data at its very source. This foreword introduces

a collection of thoughts and scholarly contributions that explore this dynamic frontier.

The synergy between intelligent business and edge computing creates remarkable opportunities for innovation

across industries. By pushing computational intelligence closer to where data originates, organizations can

achieve real-time insights, enhanced security, reduced latency, and more efficient resource utilization. From

smart manufacturing floors that adapt instantaneously to changing conditions, to retail environments that

personalize customer experiences through edge-based analytics, the applications are as diverse as they are

profound. This research domain challenges us to rethink traditional models of information processing and to

imagine new architectures that are both resilient and responsive.

We extend our sincere appreciation to the researchers, practitioners, and thought leaders who have contributed

their insights to this important discourse. Their work illuminates the path forward, addressing critical questions

about scalability, interoperability, and the harmonious integration of intelligent algorithms within edge

environments. These collected works will inspire continued exploration, foster meaningful collaborations, and

ultimately accelerate the responsible adoption of intelligent edge technologies across the global business

landscape. Welcome to this intellectual journey at the forefront of computing innovation.

 

Guest Editor

 

Ferry Wahyu Wibowo
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Yousef Abuzir Al-Quds Open University Palestine

Sukarya Ade Indonesian Researcher and Scientist Institute & IRSI Indonesia

Naveen Aggarwal Panjab University India

Mohd Ashraf Ahmad Universiti Malaysia Pahang Malaysia

Maher Talal Al-Asaady Northern Technical University & Universiti Putra Malaysia Iraq

Hussein Qahtan AL-Gburi University of Technology Iraq

Auday Al-Mayyahi University of Basrah Iraq

Mohaimen Qahtan Algburi University of Technology- Iraq Iraq

Azrul Nizam Alias Universiti Teknologi MARA Malaysia

Ahmed Aljuboori University of Baghdad Iraq
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University of Kerbala Iraq
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Widyastuti Andriyani Universitas Teknologi Digital Indonesia & UTDI Indonesia

Sunil Arora Dakota State University USA
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Raharja
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Detection

Widi, Anugerah 2-9.3 1004
A Data Deduplication Pipeline for Indonesian Athlete Registry: A

Synthetic Data Approach

Widiastuti, Erni

1-2.6 78
Hybrid Model of GNN and LSTM to Improve the Accuracy of

MSME Product Design Prediction on User Behavior

1-8.5 355
Ensemble Geospatial Forecasting: A Hybrid GBDT-LSTM for

Segmenting Indonesian MSME Product Region Markets

Widjaja, Wilson 1-2.7 84

Perfume Recommendation System Based on Sentiment and

Numerical Features: A Comparative Study of BERT, RoBERTa, and

DistilBERT

Widodo, Anastasya

Sherleen
2-2.9 547

Utilization of AI Technology for Historical Artifact Restoration: A

Case Study of 3D Reconstruction and Visual Restoration

Widowati, Widowati 2-4.8 680
Voter Behavior Analysis via A Compartment-Based Optimal Control

Approach: A Case Study in the 2024 Central Java Regional Election

Wihayati, Wihayati 1-8.8 373
Bisecann: A Deep Learning Model From The Bisection Mechanism

And Neural Network For Time Series Cases

Wijayanto, Inung

1-1.7 37
Identification of Stable EEG Channel Subsets for Longitudinal

Epilepsy Monitoring Using the TUEP Dataset

2-2.1 500
Selective-Channel Epileptic Pattern Classification Using Random

Forest on the TUEP Dataset

Willis, Chelsea 2-8.5 945

Ensemble Learning for Air Quality Forecasting: A Comparative

Analysis of Random Forest, XGBoost, and LightGBM for PSI

Prediction in Singapore

Winata, Vanechka 2-4.10 692
Detecting Online Gambling Promotion in Youtube Comments Using

Transformer-Based Models

Windarto, Yudi 1-3.5 119
Hardware Architecture and Implementation of a Semi-Autonomous

ROV for Net-Pen Fish Aquaculture Monitoring

Wiranatha, I Wayan Arya 2-2.1 500
Selective-Channel Epileptic Pattern Classification Using Random

Forest on the TUEP Dataset

Wiratama, Maureen 2-6.6 808
Performance Analysis of Time Series Models to Predict Sales

Activity of SMEs

Wisono, Friza 2-7.7 886
Malicious Web Page Detection: A Comparative Analysis of Machine

Learning with Geospatial Features

Wongso, Rini 1-3.8 137
Accuracy Analysis of an IoT-Based Water Quality Monitoring

System in RAS for Crab House
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Wulandhari, Lili

1-7.2 290
Data Science Field Job Recommendations in Indonesia Using

Content-Based Filtering

2-1.7 464

Towards Explainable and Reliable Tea Leaf Disease Detection:

Benchmarking CNN and Transformer Models with Grad-CAM

Interpretability

Y

Yang, Chao-Lung 2-6.2 785
A Data-Driven Hybrid STR-LSTM Model with Adaptive Meta-

Learning for Short-Term Electricity Load Forecasting

Yanuar, Kevin 1-8.6 361

E-Commerce Customer & Transaction Behavior Segmentation

Analysis Using RFM, Clustering, and Classification: A Case Study

of Tokopedia and Olist (Brazil)

Yaputri, Jennyfer 2-6.7 814
Harmonizing Sentiments: Grab Apps User Reviews using Machine

Learning Model

Yaury, Fredericky 1-4.5 167
Computer-Assisted Assessment of Phonetic and Prosodic Features

in Spanish Pronunciation Practice

Yehezkhiel, Briyan

2-3.2 575
A Multi-objective Orchestration Framework for Balancing Latency

and Carbon Emissions in SDN Backbone Networks

2-6.10 832

Reciprocal Interaction Modeling and Community-Based Influence

Measurement in Large Twitter Networks Using the Leiden and

Louvain Algorithms

Yesmaya, Violitta 1-3.8 137
Accuracy Analysis of an IoT-Based Water Quality Monitoring

System in RAS for Crab House

Yongka, Aristo 2-1.9 476
An Exploration of Lightweight BERT-Based Models for Emotion

Classification in Indonesian Social Media Texts

Yoswandi, Josiah 2-2.9 547
Utilization of AI Technology for Historical Artifact Restoration: A

Case Study of 3D Reconstruction and Visual Restoration

Yuhandri, Yuhandri 1-4.7 178
Detection of Sparrow Pests in Agricultural Images Using the

Spectral Residual Method

Z

Zahara, Akmelia 2-2.3 512
MobileNetV3-Based Skin Lesion Classification: Baseline

Performance Across Diverse Datasets

Zahra, Amalia

1-4.5 167
Computer-Assisted Assessment of Phonetic and Prosodic Features

in Spanish Pronunciation Practice

1-7.4 302
Practical Uncertainty Estimation for IHSG Forecasting Using Deep

Ensembles, Residual-Based Intervals, and Evidential Regression

Zahra, Fatimah Az 1-5.6 220
Demand Forecasting of Spare Parts Using Facebook Prophet for

Inventory Optimization

Zainuddin, Mutiara 1-7.2 290
Data Science Field Job Recommendations in Indonesia Using

Content-Based Filtering

Zamli, Kamal Zuhairi 2-1.12 494
Tie-Breaking for Social Network Search Algorithm in Software Test

Redundancy Reduction Optimization Problem

Zarlis, Muhammad 2-1.12 494
Tie-Breaking for Social Network Search Algorithm in Software Test

Redundancy Reduction Optimization Problem

Zarqan, Ince 1-3.3 107
Real-Time Plant Growth Monitoring in IoT-Enabled Aquaponic

Systems Using YOLOv11
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3 5 A B C D E F G H I J K L M N O P Q R S T U V

3  3 5 A B C D E F G H I J K L M N O P Q R S T U V

3D CNN with Multi-ROI Features for Alzheimer's Classification from Brain MRI

5  3 5 A B C D E F G H I J K L M N O P Q R S T U V

5G Network Planning Analysis on 2300 MHz: A Case Study of Indonesia's New Capital City

A  3 5 A B C D E F G H I J K L M N O P Q R S T U V

A Comparative Social Media Sentiment Analysis of Indonesia's Free Nutritious Meal Program (MBG)

A Comparative Study of CNN Robustness under Adversarial Attacks using ResNet50 and EfficientNetB0

A Comparative Study of Semantic Similarity, Rubric-Based, Generative AI, and Hybrid Scoring Methods for

Automated Essay Evaluation

A Comparative Study of YOLOv8, Faster R-CNN, and SSD for Real-Time Dangerous Object Detection

A Comprehensive Taxonomy and Dynamic Optimization Framework for Fuzzy C-Means Clustering

A Data Deduplication Pipeline for Indonesian Athlete Registry: A Synthetic Data Approach

A Data-Driven Hybrid STR-LSTM Model with Adaptive Meta-Learning for Short-Term Electricity Load

Forecasting

A Hybrid Graph Neural Network and Multilingual BERT Approach for Content Virality Prediction on Twitter

A Hybrid Machine Learning Model for Sentiment Analysis and Text Classification of QRIS User Reviews: A

UTAUT 3-Based Dimensional Analysis

A Multi-objective Orchestration Framework for Balancing Latency and Carbon Emissions in SDN Backbone

Networks

A Portable Intelligent System for Lung Disease Prediction Using Machine Learning Models

A Predictive Framework for Early Warning and Risk-Aware Forecasting of Azure Subnet IP Exhaustion

A Review of NDVI-Based Time-Series Crop Yield Prediction Using Machine Learning and Deep Learning

A Scalable AI-Enhanced Framework for Real-Time Streaming Analytics in High-Velocity Distributed Data

Environments

Accuracy Analysis of an IoT-Based Water Quality Monitoring System in RAS for Crab House

Adaptive Multi-Criteria Re-ranking for Hybrid Semantic Information Retrieval in Metadata-Rich Collections

Agent-Centric Column-Aware Prompt Optimization for Structured Data Tasks with LLMs

Agricultural Land Evaluation Using K-Means Clustering Based on Land Area, Productivity, and Soil Type

AI-Based Classification of Cardiovascular Diseases from ECG Signal using Hybrid 1D-CNN ResNet Model

AI-Driven Curriculum-Learning Transformer Framework for Multivariate Time Series Forecasting
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An AI-Driven Intelligent Decision Support System for ESG-Aware Portfolio Optimization on Indonesian Equities

An Explainable Ensemble Learning Model for Predicting On-Time Graduation of Postgraduate Students at I

Gusti Bagus Sugriwa State Hindu University

An Exploration of Lightweight BERT-Based Models for Emotion Classification in Indonesian Social Media Texts

An Interpretable Active Learning Framework for Sentiment Analysis of Prospective Student Acceptance Using

Instagram Data

An Optimized XGBoost Model with Principal Component Analysis for Parkinson's Disease Classification

Analysis and Development of an IoT-Based Infant Incubator System Using TCS3200 Color Sensor for Bilirubin

Level Monitoring

Analysis of Attention Mechanisms in LSTM Architectures for YouTube Spam Comment Detection

ANFIS Model for River Water Level Prediction: A Case Study of the Yos Sudarso Pump House (Semarang,

Indonesia)

Anomaly Detection in Financial Systems Using Variational Autoencoders for Fraud Prevention

Application of SVM and SMOTE for Early Prediction of Heart Disease Based on Medical Record Data

Application of YOLO-MediaPipe Based Deep Learning for Detection and Correction of Incorrect Squat Posture

Architecting The Sky: A 6 GHz NTN-D2D Framework For Ubiquitous Digital Access In Indonesia

Aspect-Based Sentiment Analysis on Roblox Google Play Store Reviews: A Comparative Study of BiLSTM and

Transformer-Based Models

Automated Comet Assay Image Analysis, Detection and Quantification of DNA Damage in Individual Cells

Automatic Plate Number Recognition (APNR) using Deep Learning with YOLOv8 and TrOCR

B  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Battery Management and Energy Flow Simulation in Hybrid Renewable Power Systems

Benchmark of Machine Learning Classifiers for Mental Health Prediction in The Tech Sector

Big Data of TikTok Shop Consumer Reviews for Mapping Service Quality Dissatisfaction Aspect Using ABSA

Method

Bird Recognition Using Deep Learning: A Comparative Performance Study of YOLOv9, YOLOv10, RT-DETRv3,

and Mask R-CNN

Bisecann: A Deep Learning Model From The Bisection Mechanism And Neural Network For Time Series Cases

C  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Canva in the View of Indonesian Users: Sentiment Analysis, Top Complaints, and Future Feature Expectations

Classification of Manufacturing Companies' Financial Report Performance Using Machine Learning

Classification of Phishing Mail Detection Using Hybrid Approach of Fusion Model

41



Closed-Loop Controlled Soft Robotic Sleeve with Programmable Pressure Profiles for Compression Therapy

Comparative Analysis of GPT and Gemini Models in Accounting Journaling through the n8n Automation

Platform

Comparative Analysis of K-Means, K-Means++, and MiniBatchKMeans for Clustering Student Performance in

EduJurnal Platform

Comparative Analysis of Machine Learning Regression Models for Stock Price Prediction Using Financial

Ratios on the Indonesian Stock Exchange

Comparative Analysis of MobileNet Architectures for Apple Disease Classification

Comparative Analysis of VGG16, ResNet50, and MobileNetV2 Convolutional Neural Networks for Clothing

Recognition

Comparative Analysis of YOLO Algorithm Performance in Firearm Detection on Static Images

Comparative Study of CNN Architectures: VGG16, ResNet50, and MobileNetV2 in Flower Image Classification

Comparing Genetic Algorithms for a Personalized Maternal Nutrition Recommendation System

Comparing Gradient Boosting-Based Machine Learning Using Bayesian Optimization for Indonesia Star-Rated

Hotel's Satisfaction Sentiment Analysis

Comparison of Multi-Layer Perceptron and XGBoost for Urgency Classification of Student Complaints Using

IndoBERT Embeddings

Comparison of OCR-CNN and YOLO Methods for an Image-Based Drug Recognition System for Visually

Impaired Persons

Computer-Assisted Assessment of Phonetic and Prosodic Features in Spanish Pronunciation Practice

ContextCheck: A Self-Consistency Framework for Hallucination Detection in Retrieval-Augmented Generation

Systems

Converting Image Frames to Speech for Enhancing Accessibility through Textual Interface

Crime Risk Estimation with Spatially Misaligned Administrative Data: Evidence from Proportional Small Area

Estimation in Indonesia

Cross-Domain Detection of AI-Generated Songs: Benchmarking Encoder Models on Bahasa Indonesia

Cybersecurity Awareness in Mobile Banking: Users' Perception of Risks and Data Protection in The Greater

Jakarta Area

D  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Data Science Field Job Recommendations in Indonesia Using Content-Based Filtering

Data-Driven Cognitive Level Profiling Using Spectral Clustering in Higher Education

Deep Learning-Based Classification Of Manggo Leaf Diseases Convolutional Neural Network (CNN)

Demand Forecasting of Spare Parts Using Facebook Prophet for Inventory Optimization

42



Design and Evaluation of an IoT-Enabled Sensor Network Using LoRa Technology for Environmental

Monitoring

Design of an Overcurrent Protection System Using a Mini PLC for Three-Phase Induction Motors in Process

Machines

Designing IoT-Enabled Smart Contracts for Transparent and Secure Tourism Transactions

Detecting Credential Abuse Attacks in Cloud Environments Using Rule-based Engine and Machine Learning

Detecting Online Gambling Promotion in Youtube Comments Using Transformer-Based Models

Detection and Identification of Poisonous Devil Reef Crab (Zosimus Aeneus) using Deep CNN

Detection of Sparrow Pests in Agricultural Images Using the Spectral Residual Method

Development a Therapeutic Bracelet for Diabetics Type 2 using Low-Level Laser Therapy

Development and Evaluation of an A-Mode Ultrasonic Acquisition System with 360° Automatic Scanning for

Bone Acoustic Characterization

Development of DeepLabV3+ Model with ResNet-101 Backbone for Crack Segmentation

Development of Internet of Things (IoT)-Based Electrical Parameter Monitoring System on Automatic Voltage

Regulators using Fuzzy Methods

Development of The Expectile Classification Forest Model for Disease Risk Prediction

Development of The Expectile Regression Forest for Modeling Expectile-based Growth-at-Risk

Diabetes Prediction Through Resilient Backpropagation and Conjugate Gradient Neural Network Models

Discovering Service Quality from High-Rated Hospitality Reviews in Jakarta Using LDA

Distributed RAG Framework for Enterprise Systems

Does Explicit Reasoning Improve Translation? Benchmarking Chain-of-Thought vs. In-Context Learning for

Indonesian-English Language Pairs

Drone Potentials in Last-Mile Delivery: Determinants Impact on Behavioral Intention of Goods Delivery By

Drone

DS-CDA Net: A Dual-Stream UNet-ResNet Framework for Multispectral Image Generation from RGB

Dual Diagnosis: Machine Learning Prediction of Stroke and Heart Disease

Dynamic Multi-Agent Reinforcement Learning for Competitive E-Commerce Price Optimization: Curriculum-

Driven SAC, Equilibrium Analysis, and Ethical Safeguards

Dynamic Risk Assessment in FinTech Platforms Using Deep Reinforcement Learning

E  3 5 A B C D E F G H I J K L M N O P Q R S T U V

E-Commerce Customer & Transaction Behavior Segmentation Analysis Using RFM, Clustering, and

Classification: A Case Study of Tokopedia and Olist (Brazil)
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E-Commerce Retention Strategy: Churn Prediction and Customer Segmentation Using Machine Learning

Early Warning Prediction for Business Failure Using Digital Transaction Patterns: An Intelligent Framework

for MSME Risk Assessment

EEG-Based Emotion Classification Using Wavelet-Features Extraction and a Hybrid CNN-Mamba

Effectiveness of Slow-Paced Serious Puzzle Game on Generalized Anxiety Disorder Heart Rate Monitoring

Biofeedback and User Experience

Efficient LLM Inference via Activation-Aware Weight Quantization: System Integration and Performance

Analysis

Enhanced Image Steganography Using Median-Based Reduced Difference Expansion in 3×3 Blocks

Enhanced NGINX Log Analysis Using Retrieval-Augmented Generation and Re-Ranking Mechanism with Large

Language Model

Enhanced Triple-Layer Data Hiding Using Advanced Spatial Bit-Plane Techniques

Enhancing Classifier Performance for Credit Card Fraud Detection Using Oversampling Techniques

Enhancing Physical Realism in AI-Driven Marine Debris Tracking: The Impact of Windage on LPTM

Simulations

Ensemble Geospatial Forecasting: A Hybrid GBDT-LSTM for Segmenting Indonesian MSME Product Region

Markets

Ensemble Learning for Air Quality Forecasting: A Comparative Analysis of Random Forest, XGBoost, and

LightGBM for PSI Prediction in Singapore

Evaluating CVIM Performance in Convenience Goods Through Transformer-Based Text Analytics

Evaluating Fallback Strategies for Reliability in Large Language Model Systems

Evaluating VGG16, ResNet50, and EfficientNet-B0 for Brain Tumor MRI Classification: A Two-Phase Transfer

Learning Approach

Explainable SVM Optimization With GridSearchCV and PSO for Diabetes Diagnosis on Purwokerto Barat

Dataset

Exploring User Experience and Technostress in Indonesian E-Wallets: A Comparative Topic Modeling Analysis

using LDA and BERTopic

F  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Feature Envy Extraction in Kotlin Using Custom Detekt Rules

Federated Control for Stable Resource Coordination Across Multi-Cluster Cloud Platforms

Fiber Optic Link Health Monitoring Design Based on Field Programmable Gate Array

Fish Species Classification Based on Morphological Images Using Optimized Deep Learning Approach

From Data to Decisions: A Practical Roadmap for Intelligent Business Systems
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From Synthetic Context Fine-Tuning to Retrieval Design: An End-to-End Evaluation of Indonesian RAG for

Dukcapil SOP QA

G  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Goal Quality Measurement in Indonesian Mobile Application Reviews Using Multitask Aspect-Based Sentiment

Analysis with BERT Variants

Grey Verhulst-Based Forecasting Model for Assessing Financial Sustainability of Indonesian Banks in the Post-

Pandemic Era

H  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Hardware Architecture and Implementation of a Semi-Autonomous ROV for Net-Pen Fish Aquaculture

Monitoring

Harmonizing Sentiments: Grab Apps User Reviews using Machine Learning Model

Heart Disease Prediction Using Scaled Conjugate Gradient and Resilient Backpropagation Algorithms

Hybrid CNN-BiLSTM with Attention Model Leveraging Word and Character Representations for SMS Phishing

Detection

Hybrid Model of GNN and LSTM to Improve the Accuracy of MSME Product Design Prediction on User

Behavior

Hybrid Stock Movement Prediction Using Market Indicators and FinBERT-Based Sentiment Analysis

I  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Identification of Stable EEG Channel Subsets for Longitudinal Epilepsy Monitoring Using the TUEP Dataset

Implementation of Artificial Intelligence In A Computer-Aided Diagnosis System For Disease Detection from

Medical Images

Implementation of Market Basket Analysis Using Apriori Algorithm to Determine Product Associations of

Wonogiren Batik

Improving Sentiment Classification of Product Reviews in Bahasa Indonesia Using Kernel-Based SVM

Integrating Blockchain and AI Analytics for Intelligent Supply Chain Transparency: Implications for Cost

Efficiency, Resilience, and Firm Value

Intelligent K-Medoids for Mapping Egg Demand Indicators in Indonesia

J  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Javanese Script Detection Using ResNet18 with Hyperparameter Optimization of Chimpanzee Leader Election

Optimization Algorithm

K  3 5 A B C D E F G H I J K L M N O P Q R S T U V

K-Shape Clustering Analysis of LQ45 Stock Performance Before and After the 17+8 People's Demand Protest in

Indonesia

45



Knowledge-Based Helpdesk System: Combining K-Means Clustering and Lightweight Ontology for IT Service

Management

L  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Leveraging IndoRoBERTa and BERTopic for Comparative Multi-Platform Sentiment Analysis of PayLater

Services in Indonesia

Leveraging Large Language Models for Automatic Database Index Recommendation and Optimization

Lightweight Balance Control System for the Robotis OP2 Based Humanoid Robot Using IMU-Loadcell Fusion

and Distributed ESP32 Architecture

Lightweight CNN With Attention Mechanism and Focal Loss for Arabic Alphabet Sign Language Classification

on an Imbalanced Dataset

Lightweight Deep Learning Framework for Automated Deterioration Detection of Borobudur Reliefs

Lightweight Edge-Based Speech Emotion Recognition with Human-Centered and Bio-Inspired Design for Early

Mental-Health Detection

Logistic Regression-Based Diabetes Risk Prediction Model for Young: A Case Study in Indonesia

Low-Cost, High-Impact: Design, Fabrication, and Evaluation of Direct and Alternating Current Circuit Trainers

LSTM-Based Hourly Sales Forecasting in SME Food and Beverage Retail

M  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Machine Learning in Stock Price Prediction: Comparing Logistic Regression, Random Forest, XGboost,

LightGBM, and Ensemble Techniques

Machine Learning-Based Sentiment Analysis of Financial Contents

Malicious Web Page Detection: A Comparative Analysis of Machine Learning with Geospatial Features

Marketing Personalization in Hospitality: A K-Modes Clustering Approach

Measuring and Mapping Application-Layer HMAC Integrity for MQTT: Performance Overhead and ISO/IEC

25010 Alignment

MobileNetV3-Based Skin Lesion Classification: Baseline Performance Across Diverse Datasets

Modeling Unified Data and Analytics Repository for Air Quality Monitoring (UDARA) in Indonesia

Modelling Online Booking Ticket Applications: The Roles of Visual Aesthetics, Usability, ad Flow Experience

Motion Controllers vs. Hand Tracking: A Comparative Study on Usability and Performance in VR-Based Korean

Vocabulary Learning

Multi-Staged Dual-Backbone Feature Fusion and Fine Tuning for Rice Leaf Disease Classification in the

Philippines

Mutual Coupling and Spacing Effects in a 5×1×4 Series-Fed Microstrip Phased Array Antenna for 2.35 GHz 5G

Applications
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N  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Network-Based Systemic Risk Analysis of Indonesian Banking Stocks Measured With SFI, SHI, and SNRI Indices

NeuroFedEdge: Energy-Efficient Federated Multi-Agent Spiking Intelligence for Resource-Constrained Edge

Networks

Noise-Robust Automatic Speech Recognition for Indonesian Speech Using CNN and GoogLeNet

O  3 5 A B C D E F G H I J K L M N O P Q R S T U V

OPC UA-Based Embedded Gateway for PV Inverter Interoperability in Smart Grids

Optimizing LLM Inference with Language-Aware Multi-Bin Batching for Code Summarization

Optimizing of Long Short Term Memory (LSTM) and TextVectorization algorithms for Emotion- Based sentiment

analysis on social media

P  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Passenger Density and Clustering Analysis of Transjakarta Peak-Hour Ridership Using the Cross-Industry

Standard Process for Data Mining

Performance Analysis of Time Series Models to Predict Sales Activity of SMEs

Performance Enhancement of Wireless Sensor Networks Using a Multi-Channel Gaussian Mixture Model

Performance Evaluation of Hybrid Machine Learning Models for Heart Disease Prediction in U.S. Clinical

Decision Support Systems

Performance Evaluation of the DistilBERT Compression Model on Knowledge Distillation-based Sakai

Language Classification

Performance of Machine Learning method and optimized parameter in classifying different mung bean varieties

Perfume Recommendation System Based on Sentiment and Numerical Features: A Comparative Study of BERT,

RoBERTa, and DistilBERT

Plant Health and Stress Level Prediction in Agriculture Using Machine Learning Techniques

Practical Uncertainty Estimation for IHSG Forecasting Using Deep Ensembles, Residual-Based Intervals, and

Evidential Regression

Predicting Model Performance Early in Training Using CNN-MLP for Efficient Hyperparameter Optimization

Predicting Multi-Drug Resistance in Bacterial Isolates Through Performance Comparison and LIME-based

Interpretation of Classification Models

Predictive Modeling for Autism Spectrum Disorder Using Multi-Modal Machine Learning

Proof-of-Authority Permissioned Blockchain for Smart Budgeting in the Public Service

Q  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Quantifying the Zone of Tolerance from Review Sentiment Distributions Using GMM and BERTopic

47



R  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Radial Basis Function Neural Network Model with Expectile-Based Learning for Commodity Price Data

Prediction

Railway Wheel Defect Classification Using KDE-Based Data Augmentation and Support Vector Machines

Real-Time Edge AI with Explainable Deep Learning for Predictive Maintenance of Medical Devices

Real-Time Plant Growth Monitoring in IoT-Enabled Aquaponic Systems Using YOLOv11

Reciprocal Interaction Modeling and Community-Based Influence Measurement in Large Twitter Networks

Using the Leiden and Louvain Algorithms

Regional Segmentation of Motorcycle Accessory Purchases Using Optimized K-Means Clustering

REHAB360: AI-Driven Emotion-Aware and Predictive Addiction Recovery Framework

Rice Plant Disease Identification Using YOLOv8s with C2f-CBAM Backbone and Multi-Scale Attention

Risk-Aware Portfolio Optimization via Constrained Distributional Policy Gradient Methods

S  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Secure, Private and Fast Memory Allocation of Processes in Post-Quantum Clouds

Selective-Channel Epileptic Pattern Classification Using Random Forest on the TUEP Dataset

Self-Healing AI Systems using Multi-Agent Learning

Sentiment Analysis and Topic Modelling in Indonesian Crypto Application

Sentiment Analysis in Indonesian on Twitter Using BERT Models with Lexicon-Based Preprocessing

Sentiment Analysis of Access by KAI User Reviews Using Machine Learning and Transformer-Based Models

Sentiment Analysis of Smartphone Electronic Product Based on User Reviews on Tokopedia Using the LSTM,

SVM, Random Forest Method and Glove Embeddings

Serial Dual Attention for VFM-Guided RGB-to-Multispectral Synthesis

Short-Term Hyperlocal PM2.5 Forecasting Based on Meteorological Conditions Using GRU Architecture

Sleep Disorder Classification Using Ensemble Stacking and Genetic Algorithm-Based Feature Selection

Spatiotemporal Autoencoder-Based Approach for Frame-Level Payload Concealment in Video Steganography

Spectral Attention-Enhanced HybridSN with Multi-Objective Loss for Underwater Habitat Segmentation from

Hyperspectral Imagery

Stock Price Forecasting Using Random Forest Optimized via Bayesian Optimization: A Case Study of BBCA

Stock Price

T  3 5 A B C D E F G H I J K L M N O P Q R S T U V

48



Technology-Driven Productivity Gaps in Indonesian Textile Manufacturing: A Big Data Analytics Approach

Using DEA-Malmquist Index

The Impact of AI-Based Chatbots on Reducing Cart Abandonment in Indonesian E-Commerce

The Relationship Between AI, Digital Technology and Intention to Use Food Apps in Can Tho

Tie-Breaking for Social Network Search Algorithm in Software Test Redundancy Reduction Optimization

Problem

Time-Frequency Domain Based Glaucoma Detection Using Electroretinography

Towards Explainable and Reliable Tea Leaf Disease Detection: Benchmarking CNN and Transformer Models

with Grad-CAM Interpretability

Transformer Model Optimization for Indonesian Language Sentiment Analysis on Social Media Data

Transformer-Based ABSA for Sentiment Prediction on Indonesia's Economic Policy Discourse Using YouTube

Data

Transformer-based Models for Clickbait Detection in Youtube Titles

Trust and Perceived Risk in Artificial Intelligence Use for Forex and Cryptocurrency Trading

U  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Understanding Users' Acceptance of AI for Mental Health Support

Utilization of AI Technology for Historical Artifact Restoration: A Case Study of 3D Reconstruction and Visual

Restoration

V  3 5 A B C D E F G H I J K L M N O P Q R S T U V

Viral Content Prediction on Twitter Using a Hybrid XLNet and RoBERTa Approach

Voter Behavior Analysis via A Compartment-Based Optimal Control Approach: A Case Study in the 2024

Central Java Regional Election
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"Noise-Robust Speech Recognition with Latency-Aware 
Dahiya, Suresh Kumar 

"AI-Powered Task Manager Using Machine Learning" 
Sharma, Mohammed Firdos Alam Sheikh, Hemlata 

"Educational and Career Outcome Forecasting through 
Khalil Assayed, Padmesh Tripathi, Pridhi Arora 

"Guardrail-Based Approaches for Enhancing Safety, 
Language Models" 
Padmesh Tripathi, Pridhi Arora, Krishna Kumar Paroha, 
Katiyar 
"Recent Trends of CNN in Medical Imaging: A Comprehen

Tyagi, M.A. Ansari, Hashmat Usmani, R.K.Yadav 
"Federated Intrusion Detection for V ANETs under Byzantine 
Shivanshi Mishra, Shruti Singh, Kanchan Sharma, Brij

AI is Transforming Health Care Industry: Current 
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Abstract—Particulate matter 2.5 (PM2.5) is the most dangerous
air pollution contributor. In heavily affected cities like Jakarta,
the effectiveness of public health measures is hindered by
information delays. This study addresses this gap by developing
a short-term, hyperlocal PM2.5 forecasting model using a GRU
architecture. The model was trained and evaluated on 3 years of
hourly PM2.5 and meteorological data from Grogol Petamburan,
West Jakarta. The study compared three scenarios at 1, 3, and
6-hour forecast horizons: a full model with all meteorological
features, an ablation model excluding planetary boundary layer
and solar radiation, and a univariate baseline using only PM2.5
data. The best evaluation for the full model is at the 1-hour pre-
diction horizon, with an RMSE value of 8.00, MAE of 5.27, and
MAPE of 11.24%. The results demonstrated that while 1-hour
forecasts are dominated by PM2.5 autocorrelation, the inclusion
of meteorological data is crucial and significantly improves
accuracy for 3-hour and 6-hour predictions. The most significant
finding was that the ablation model consistently outperformed the
full model across all horizons and error metrics. An apparent
paradox arose as feature importance analysis identified solar
radiation as the most critical predictor. This was resolved by
the fact that planetary boundary layer feature was found to
be detrimental, adding noise, and the information from solar
radiation was found to be redundant due to high multicollinearity
with temperature and humidity. The study concludes that a more
parsimonious model, leveraging careful feature selection, is both
more computationally efficient and more accurate.

Index Terms—PM2.5, meteorology, GRU, short-term, hyper-
local.

I. INTRODUCTION

Air pollution ranks among the deadliest threats to global
health, claiming 8.1 million lives in 2021 alone. Particulate
matter 2.5 (PM2.5), airborne particles with a diameter of less
than 2.5 micrometers, is the most dangerous pollutant and
a major contributor to this disease burden [1]. In Indonesia,
this issue is particularly relevant, as Jakarta is consistently
ranked among the world’s most polluted cities [2], [3]. High
PM2.5 levels in Jakarta have been linked to thousands of cases
of heart and respiratory diseases and billions of dollars in
economic losses annually [4].

The main gap in addressing this issue is the delay in
information. Existing air quality monitoring stations tend to
function as historical measurements, not predictive tools. This
delay makes the available data less relevant to the public for
effective preventive measures [5].

This problem is exacerbated by the highly dynamic and
hyperlocal nature of PM2.5 pollution. Concentrations can
fluctuate significantly within a few city blocks or over hours
due to differences in local emission sources and changing
meteorological conditions [6], [7], [8]. Therefore, citywide and
daily forecasts are insufficient to provide accurate warnings.

To address this gap, this study develops a PM2.5 forecasting
model focused on short-term, hyperlocal forecasting. The
model uses a deep learning approach that excels at modeling
complex nonlinear time-series patterns [9], [10], [11]. Specifi-
cally, it implements a gated recurrent unit (GRU) architecture,
which efficiently and robustly handles sequential data [12].

Several related studies inspired this research, i.e.,
Ratchagit [20] showed that a hybrid model with optimized
weights can improve prediction accuracy compared to a
single model. Handhayani [21] identified causal relationships
between variables and concluded that an LSTM (Long
short-term memory) model with integrated data provided the
best predictions. Halim et al. [22] concluded that GRU can
predict most pollutants well.

The main contributions of this research are as follows:
• Implementation of GRU architecture for short-term

PM2.5 prediction using exogenous data at the hyperlocal
scale.

• Evaluation of model performance at 3 different prediction
time horizons (1, 3, and 6 hours).

• Comparative analysis of the impact of adding planetary
boundary layer and solar radiation meteorological fea-
tures on model accuracy.

II. METHODS

This study follows the cross-industry standard process for
data mining (CRISP-DM) data mining workflow, the standard
approach for data science projects [13]. CRISP-DM consists
of several stages (see Fig. 1).

A. Data Understanding

The prediction model uses two time-series datasets: PM2.5
and meteorological data. Both datasets are measured in their
native units and presented on an hourly basis. The data
span 3 years, from August 4, 2022, to August 3, 2025, and
include 26,305 rows. Both datasets are from the same location



Fig. 1. Workflow of CRISP-DM Methodology.

in Grogol Petamburan, West Jakarta. The data come from
Open-Meteo (https://open-meteo.com), a weather API freely
available for non-commercial use. PM2.5 data is the input
and output for predictions. The meteorological data contains 9
features and is used solely as input. Table I explains the data
features; Table II shows sample data from a few features.

TABLE I
DATA FEATURES

No Feature Name Description

1 Timestamp Information on the date, month, year, and
time of data recording.

2 Temperature
The air temperature at a height of 2 meters
above ground level, measured in degrees
Celsius (°C).

3 Wind speed
Wind speed at a height of 10 meters above
ground level, measured in kilometers per
hour (km/h).

4 Wind direction

The wind’s origin direction at a height of
10 meters above ground level, measured in
degrees (from 0° to 360°). 0° indicates a
wind from the north, 90° from the east, 180°
from the south, and 270° from the west.

5 Precipitation The amount of accumulated rainfall, mea-
sured in millimeters (mm).

6 Humidity

Relative humidity at a height of 2 meters
above ground level, measured as a percent-
age (%). A value of 100% means the air is
saturated with water vapor.

7 Air pressure Atmospheric pressure at ground level, mea-
sured in hectopascals (hPa).

8 Planetary bound-
ary layer

The height of the lowest atmospheric layer
that is directly affected by activity on the
ground surface, measured in meters (m).

9 Solar radiation
The amount of solar radiation received by
the ground surface is measured in watts per
square meter (W/m2).

10 PM2.5 PM2.5 values, measured in micrometers per
cubic meter (µm/m3).

To understand the interrelationships between the predictive
features and the target variable, a Pearson correlation matrix
was computed, as shown in Fig. 2. This preliminary analysis
provides critical insights into the dataset’s characteristics.

TABLE II
SAMPLE DATA

Time PM25 Tem Hum Pre AP WS
2022-08-04
00:00:00 94.3 24.5 95 0.0 1009.7 4.0

2022-08-04
01:00:00 108.3 26.0 86 0.0 1010.6 1.8

2022-08-04
02:00:00 99.7 27.5 78 0.0 1010.8 2.5

2022-08-04
03:00:00 101.3 28.9 72 0.0 1010.9 5.5

2022-08-04
04:00:00 84.1 29.7 69 0.0 1010.2 7.1

Fig. 2. Correlation Matrix Between Features.

The analysis first reveals the direct linear relationships with
PM2.5. The most significant correlation is with wind speed,
which has a moderate negative coefficient of -0.46. This
aligns with physical expectations: higher wind speeds typically
enhance pollutant dispersion, resulting in lower PM2.5 con-
centrations. Other notable, albeit weaker, correlations include
air pressure at +0.20, suggesting that stable, high-pressure
systems may trap pollutants, and PBL (planetary boundary
layer) height at -0.25, indicating that a shallower boundary
layer can concentrate pollutants. Precipitation also shows a
slight negative correlation of -0.13, likely due to the washout
effect.

A more prominent finding is the high degree of multi-
collinearity among the meteorological features, particularly
those related to the diurnal cycle. There is a very strong
positive correlation between temperature and solar radiation
at +0.84, as solar radiation is the primary driver of surface
temperature. Consequently, both tem and sr are very strongly
and negatively correlated with relative humidity, at -0.91 and
-0.79, respectively, as warmer air can hold more moisture.

The planetary boundary layer is also deeply intertwined with
this diurnal cluster. It shows a strong positive correlation with
solar radiation, at +0.73. Interestingly, the planetary boundary
layer shows strong negative correlations with temperature



at -0.72 and humidity at -0.77. This complex, non-linear
relationship among temperature, solar radiation, and planetary
boundary layer highlights the challenge for the predictive
model. This high redundancy also suggests that the informa-
tion provided by solar radiation and the planetary boundary
layer might already be implicitly captured by temperature and
humidity, providing an early justification for the ablation study
conducted later in this paper.

B. Data Preparation

Data preparation involves creating the final model input
from raw data. This is done several times, based on data
and model needs, without a fixed order. Steps include data
cleaning and transformation. The two datasets are joined with
a consistent time index. Data is then checked for missing
values and duplicates. Missing values are filled by linear
interpolation. Data is normalized for model balance.

Linear interpolation estimates the value of a feature between
two known data points. This method connects the two points
with a straight line. Its primary use is to estimate intermediate
values, assuming the change is linear or can be approximated
by a straight line [14]. This makes it a quick and easy way to
fill in missing data or make simple predictions. The formula
for linear interpolation is in Eq. (1).

y = y1 + (x− x1)×
(y2 − y1)

(x2 − x1)
(1)

Where:
y = Value that want to be searched
x = y position
x1 = x value of the first known point
y1 = y value of the first known point
x2 = x value of the second known point
y2 = y value of the second known point

Normalization is a method for rescaling data to a specific
range, in this case, 0 to 1. Each feature value is transformed so
the column’s minimum becomes 0 and its maximum becomes
1. Values between the minimum and maximum are proportion-
ally transformed into the new range [15]. The normalization
formula is shown in Eq.(2).

Xnorm =
X −Xmin

Xmax −Xmin
(2)

Where:
Xnorm = Value after normalization
X = Original value
Xmin = Minimum value of all data
Xmax = Maximum value of all data

C. Modelling

The chosen model implements the GRU architecture. This
deep learning method is good at capturing nonlinear patterns,
works well with sequential data, and needs fewer computing
resources. Efficient computing speeds up the training process.

Model parameters are adjusted for better results, and the
best models are saved for evaluation and deployment. GRU
architecture consists of 4 concepts: update gate, reset gate,
candidate hidden state, and hidden state [16]. The formula for
each of those concepts is shown in order from Eq. (3-6).

zt = σ(Wzxt + Uzht−1 + bz) (3)

rt = σ(Wrxt + Urht−1 + br) (4)

h̃t = tanh(Whxt + Uh(rt ⊙ ht−1) + bh) (5)

ht = (1− zt)⊙ ht−1 + zt ⊙ h̃t (6)

Where:
zt = Update gate
rt = Reset gate
h̃t = Candidate hidden state
ht = Hidden state
t = Time step at t
x(t) = Input value
h(t−1) = Memory from previous t
W and U = Weight value
b = Bias value

D. Evaluation

Three evaluation metrics are used to assess the performance
of the GRU model: root mean squared error (RMSE), mean
absolute error (MAE), and mean absolute percentage error
(MAPE). In addition, the permutation feature importance
(PFI) method is used to assess each feature’s contribution to
prediction and identify the most influential features.

RMSE is an evaluation metric that quantifies a model’s
prediction error by giving greater weight to larger errors.
This is achieved by calculating the square root mean, which
severely penalizes the model for even small errors. RMSE
is a commonly used evaluation metric for regression prob-
lems [16], [17]. The RMSE formula is shown in Eq. (7).

RMSE =

√√√√ 1

n

n∑
i=1

(yi − ŷi)2 (7)

MAE tells how far predictions are from actual values on
average. The result uses the same units as the data, making
it easy to understand. A score of 0 means perfect accuracy.
Higher scores indicate a greater error rate [17]. The MAE
formula is shown in Eq. (8).

MAE =
1

n

n∑
i=1

|yi − ŷi| (8)

MAPE is defined as the mean absolute percentage error,
indicating how far off the model’s predictions are in percentage
terms. The advantage of MAPE is that its value is expressed



as percentages rather than data units, making it very easy
to understand, even for non-technical users [18]. The MAPE
formula is shown in Eq. (9).

MAPE =
1

n

n∑
i=1

∣∣∣∣yi − ŷi
yi

∣∣∣∣× 100% (9)

The evaluation metrics have the same variables used for all
three, where:
n = Number of value points
i = Iteration at i
yi = Actual value
ŷi = Predicted value

PFI is a method for assessing a feature’s importance by ana-
lyzing the model’s prediction error after permuting the feature
values, thereby breaking the relationship between the feature
and the actual outcome. A feature is considered important
if the randomized value increases the model error, meaning
the model relies on that feature for predictions. Conversely,
a feature is considered unimportant if the randomized value
does not change the model error, meaning the model ignores
that feature when generating predictions [19].

III. RESULTS AND DISCUSSION

We used Python on Google Colab to model the entire
process. To evaluate the proposed GRU model’s performance
in short-term, hyperlocal PM2.5 forecasting, a comprehensive
comparative analysis was completed. The study used three
experimental scenarios. These include a full model with all
historical PM2.5 and meteorological data, including planetary
boundary layer and solar radiation; an ablation model without
planetary boundary layer and solar radiation; and a univariate
forecast baseline using only historical PM2.5 data. Table III
presented the consolidated results of this evaluation.

TABLE III
EVALUATION

Scenario Horizon RMSE MAE MAPE
With planetary

boundary layer and
solar radiation

1 hour 8.00 5.27 11.24%
3 hour 14.85 10.79 24.07%
6 hour 19.30 14.72 33.11%

Without planetary
boundary layer and

solar radiation

1 hour 7.89 5.21 11.08%
3 hour 14.65 10.62 23.62%
6 hour 19.19 14.49 32.69%

Using PM2.5 only
1 hour 8.22 5.26 11.00%
3 hour 15.58 11.48 25.81%
6 hour 20.25 15.74 36.90%

A primary observation, consistent across all three scenarios,
is the degradation of model performance as the forecasting
horizon extends. As shown, all error metrics increase uni-
formly as the prediction time increases from 1 hour to 3
hours and then to 6 hours. For instance, in the 2nd scenario,
the MAPE increases from 11.08% for the 1-hour forecast
to 23.62% for the 3-hour forecast and finally to 32.69% for
the 6-hour forecast. This trend is expected and highlights the
inherent difficulty in time-series forecasting; uncertainty and

predictive error naturally accumulate as the model attempts to
predict further into the future.

The value of the exogenous feature becomes clear, espe-
cially at longer time horizons. The performance of these 3
models is very competitive. The baseline model in the 3rd sce-
nario achieved a MAPE of 11.00%, slightly better than those
in the 1st (11.24%) and 2nd (11.08%) scenarios. This indicates
that, for short-term predictions (1 hour), PM2.5 autocorrelation
is the most dominant predictive factor. The benefits of using
meteorological data are significant. At a 6-hour time horizon,
the baseline model’s MAPE reaches 36.90%. In contrast, the
first and second scenarios achieve significantly lower MAPEs
of 33.11% and 32.69%, respectively. This indicates that as the
forecast time horizon lengthens, the influence of PM2.5 history
itself diminishes. The predictive power of meteorological
variables becomes crucial for accurately capturing pollutant
formation, dispersion, and transport.

Perhaps the most interesting finding of this evaluation is
the result of the ablation study comparing the 1st and 2nd
scenarios. The model excluding the planetary boundary layer
and solar radiation consistently outperformed the full model
across all three forecasting horizons and all three error metrics.
For example, at the 3-hour horizon, the 2nd scenario achieved
an RMSE of 14.65 and a MAPE of 23.62%, while the
full model yielded a slightly higher RMSE of 14.85 and a
MAPE of 24.07%. Although the performance difference is
marginal, it is consistent. This result suggests that, within
the specific GRU architecture and for this hyperlocal dataset,
planetary boundary layer and solar radiation did not provide
additional useful predictive information. It is plausible that
these variables introduce noise or that their effects are already
implicitly captured by other highly correlated features. This
finding underscores the importance of careful feature selection,
as a more parsimonious model like that in the 2nd scenario not
only performs better but is also more computationally efficient.

Fig. 3. Comparison of predicted with actual PM2.5 values (1-hour).

To visually assess the model’s predictive capability, the
actual versus predicted PM2.5 concentrations for the 1, 3, and
6-hour horizons are presented in Fig. 3-Fig. 5. Consistent with
the error metrics in Table III, the 1-hour forecast shows the
tightest alignment between the predicted values (red dashed
line) and actual data (blue solid line). As the horizon extends to
3 and 6 hours, a gradual decoupling becomes apparent. While



Fig. 4. Comparison of predicted with actual PM2.5 values (3-hour).

Fig. 5. Comparison of predicted with actual PM2.5 values (6-hour).

the model preserves the general trend, it struggles to capture
extreme fluctuations accurately at the 6-hour mark, leading to
the increased RMSE and MAPE observed previously.

To further deconstruct the model’s behavior and understand
the contribution of each meteorological variable, a feature
importance analysis was performed. This research employed a
permutation-based approach in which the value of a single
feature is randomly shuffled, and the resulting increase in
the model’s RMSE is measured. A large increase in RMSE
indicates that the model relies heavily on that feature for its
predictions. This analysis was conducted for the full model at
all three forecasting horizons. The results, presented in Fig. 6-
Fig. 8, reveal several key insights.

Fig. 6. Feature importance of 1-hour horizon forecast.

Fig. 7. Feature importance of 3-hour horizon forecast.

Fig. 8. Feature importance of 6-hour horizon forecast.

Across all time horizons, 4 features consistently rank high-
est in importance: solar radiation, air pressure, temperature,
and wind speed. The remaining features show significantly
lower importance, and in some cases, negligible or negative
importance. The relative importance of features changes with
the forecast duration. Most notably, the importance of solar
radiation dramatically increases as the horizon extends. In
the 1-hour forecast, its RMSE is approximately 0.95, but it
skyrockets to over 5.0 in the 6-hour forecast. This is logical,
as solar radiation is a primary driver of the diurnal cycle,
a pattern that strongly influences pollutant accumulation and
dispersion over a 6-hour period. Similarly, wind speed shows
a clear increase in importance at longer horizons, consistent
with its role in pollutant transport and dispersion over time.
Precipitation and planetary boundary layer consistently rank as
the least important features. In the 3-hour and 6-hour forecasts,
both features show a near-zero or negative importance. This
implies that their inclusion not only fails to add predictive
value but may also introduce noise, confusing the model and
slightly degrading its performance.

However, the feature importance analysis presents an ap-
parent paradox. The results from Table III indicated that the
2nd scenario performed better than the first. However, the
feature importance charts clearly identify solar radiation as
the single most important feature in the model. This seeming
contradiction can be resolved by considering two factors:
the detrimental effect of the planetary boundary layer and
high multicollinearity. The feature importance charts strongly



confirm that PBL is not a useful predictor in this model. Its
negative importance score at the 6-hour horizon suggests it is
actively detrimental. Therefore, the performance gain observed
in the 2nd scenario is, in part, achieved by simply removing
this ”noisy” feature.

The primary reason for the paradox is likely high multi-
collinearity between solar radiation and other features, par-
ticularly temperature and humidity. Solar radiation is the
physical driver for temperature. In the first scenario, the GRU
model, when given solar radiation, learns to rely heavily on it
because it is a leading indicator. However, when it is removed,
the model can still access much of the same information,
which is already captured in the temperature and humidity
variables. The ablation study in Table III suggests that the
model trained in the 2nd scenario is slightly more robust and
efficient. This implies that while solar radiation is informative,
its information is redundant, and its direct inclusion might be
less clean for the model than using its proxy variables alone.

IV. CONCLUSION

This study successfully developed and evaluated a GRU
architecture for short-term, hyperlocal PM2.5 forecasting,
specifically addressing the information delay gap that hinders
effective public health warnings. The model, trained on three
years of hourly data from Grogol Petamburan, West Jakarta,
demonstrated its ability to capture the complex, non-linear
patterns of pollutant behavior.

The evaluation confirmed that while 1-hour predictions are
dominated by PM2.5’s own autocorrelation, the inclusion of
meteorological data is crucial for longer-term forecasts. At the
3-hour and 6-hour horizons, the GRU models incorporating
exogenous features significantly outperformed the univariate
baseline, demonstrating the value of meteorological data for
predicting pollutant formation and dispersion. The most sig-
nificant finding emerged from the ablation study. The model
excluding planetary boundary layer height and solar radiation
consistently achieved lower error rates than the full model
across all metrics and horizons. This suggests that a more
parsimonious model is not only more computationally efficient
but also more accurate.

This apparent paradox, where feature importance analysis
identified solar radiation as the most critical feature, yet its
removal improved the model, was resolved by two key factors.
First, the planetary boundary layer feature was found to be
detrimental, introducing noise rather than predictive value.
Second, the high multicollinearity between solar radiation,
temperature, and humidity meant its information was redun-
dant. The model could effectively leverage temperature and hu-
midity as proxy variables, leading to a more robust and cleaner
prediction. This research underscores the critical importance
of careful feature selection, demonstrating that simply adding
more data does not guarantee a better forecasting model.
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