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Abstract 

There have been significant advancements in artificial intelli-

gence and machine learning technologies which have dramati-

cally changed how Predictive Analytics and intelligent deci-

sion-making systems work within numerous sectors. However, 

traditional machine learning processes involve a lot of manual 

input from humans throughout various stages of data prepro-

cessing, feature extraction/selection, model choice, and hyper-

parameter optimization. As such, the entire workflow is labor-

intensive, time consuming and heavily reliant upon specific 

domain knowledge or expertise. This study presents an auton-

omous system for automated dataprocessing/preprocessing, 

model selection, and predictive analysis utilizing novel Auto-

mated Machine Learning (automl) techniques and intelligent 

optimization methods. The proposed autonomous system will 

include an array of automated preprocessing operations such 

as: missing value imputation; outlier detection; feature scaling; 

feature engineering; intelligent data transformation with an 

adaptive strategy for selecting appropriate models and their 

associated hyperparameters. To optimize both predictive accu-

racy and computational efficiency, this system utilizes a variety 

of optimization techniques including: bayesian optimization; 

Hyperband tuning; reinforcement learning-based optimization; 

and automl methodologies. In addition, several different ma-

chine learning models, including Random Forest; XGBoost; 

LightGBM; and AutoGluon are tested to determine the most 

accurate predictive models. Findings from experimental results 

demonstrate the proposed autonomous system is significantly 

better than typical machine learning workflows with respect to 

efficiency of preprocessing; predictive performance; scalabil-

ity; and reliability of decisions made by Intelligent Systems. 

Furthermore, this study highlights the significance of develop-

ing intelligent autonomous systems to automate end-to-end 

Predictive Analytics applications across a range of sectors in-

cluding health care forecasting; financial prediction; education 

analytics; industrial automation; and smart systems. Finally, 

this research contributes towards the development of next gen-

eration autonomous artificial intelligence systems capable of 

reducing human involvement and increasing predictive intelli-

gence through fully Automated Machine Learning workflows. 
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1. INTRODUCTION 

Due to increasing use of digital systems, cloud computing 

infrastructures, AI systems we are getting enormous 

amount of structured and unstructured data in every domain 

(Feurer et al., 2015; Wang et al., 2021). Understanding the 

data deeply for enabling intelligent prediction and decision-

making is required in health-care, financial, education, 

manufacturing, transportation, smart cities and many more 

domain. Machine learning and AI are powerful tools for 

solving complex problem such as prediction, classification, 

anomaly detection, optimization and automation. Majority 

of multi-stage ML pipelines i.e. Data pre-processing, fea-

ture engineering, model selection, hyper-parameter optimi-

zation and prediction require tremendous human effort and 

computing resources. Data pre-processing plays a vital role 

in machine learning as its performance directly impact ac-

curacy and reliability of models (Koka et al., 2025). Miss-

ing values, noise, duplicates, outliers, class imbalance in 

data harm ML algorithms and make prediction result poor. 

Normally, the data pre-processing and cleaning process is 

human operated, specific domain expertise required and 

makes the process non-scalable. Automating data pre-

processing and transformations using smart system and 

adaptive optimization is a subject of research. AutoML is 

the emerging field, which aims at automating entire ML 

pipelines. Automated ML pipeline for machine learning 

tasks i.e. Model selection, feature engineering and hyperpa-

rameter optimization were proposed for manual systems 

(where human operate the data pre-processing and these 

tasks). Auto-Sklearn automate the ML pipeline effectively 

with Bayesian optimization and meta-learning techniques 

(Feurer et al., 2015). TPOT is the method which automati-

cally build data science pipeline using genetic programming 

based tree-based pipeline optimization, this search exhaust-

ively for Pythonic combination of data preprocessing and 

model selection operators (Olson et al., 2016). The modern 

intelligent system need sophisticated search technique i.e. 

Bayesian Optimization and Hyperband to intelligently 

search for model and hyper-parameter for prediction analy-

sis (Snoek et al., 2012; Li et al., 2018). Bayesian optimiza-

tion has become popular method, which overcome compu-

tationally challenging hyper-parameter search space, pro-

vides intelligent prediction by optimizing them resulting 

better prediction than random search. Hyperband optimize 
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faster with reduced computation than other technique 

through use of early stopping policy, reducing the search 

space by reallocating resources by stopping computation 

early on for which model’s performance is not signifi-

cantly improve. Optimization based on reinforcement 

learning have been researched well to design effective 

smart system. Even with all above improvement of Au-

toML and prediction system, the current system and 

techniques are still not fully automated and not fully in-

telligent. Some of AutoML techniques target single ML 

stages such as hyperparameter optimization, model 

search whereas few are developed to integrate data pre-

processing, ML pipeline automation and prediction sys-

tem in one framework. Efficient computation and inter-

pretation are very important to develop them. An intelli-

gent autonomous system framework for automating data 

pre-  processing, feature engineering, model selection, 

hyper-parameter optimization with RL and prediction 

analysis is proposed to improve predictive performance 

significantly and reduce human effort dramatically. 
Objectives of this research is to: 

1. Develop an intelligent data pre-processing system for da-

tasets with missing values, noise and outliers. 

2. Design the automated ML model selection for prediction 

using AutoML. 

3. Performance measurement of Bayesian Optimization and 

Hyperband based models for prediction analysis. 

4. Optimize computation cost and maximize the prediction 

accuracy. 

5. Construct a scalable autonomous intelligent AI framework 

for smart decision-making systems. 

This will contribute to make the autonomous AI system more 

robust and efficient for smart decision-making system by au-

tomatically performing all ML workflows. 

2.METHODs 
2.1 Study Design 

In this project, a comparative and experimental methodology 

were applied to design and evaluate an Intelligent Autonomous 

System(IAS) to accomplish automated tasks regarding data 

preprocessing, model selection and prediction analytics. In 

addition, the IAS was developed as a solution for automation to 

facilitate numerous repetitive tasks associated with Machine 

Learning Lifecycle which can be summarized as intelligent 

preprocessing, feature extraction, adaptive model selection, 

automatic hyper parameter tuning, and predictive forecasting. 

The primary goal of developing IAS was to yield a scalable, 

automatic, optimal and dependable predictive solution. Pro-

gramming language Python was adopted for building the IAS, 

integrating several ubiquitous machine learning libraries like 

Scikit-learn, XGBoost, LightGBM, AutoGluon, FLAML, Pan-

das, NumPy, and Streamlit for enabling the visualization of 

IAS in real-time, and deployment of IAS. 

2.2 Data Collection 

The datasets were obtained from online machine learning repos-

itories such as the UCI Machine Learning Repository and 

Kaggle. This enabled a comparison of predictive accuracy on 

real-world data by using structured tabular data types with both 

numerical and categorical features. 

 
 

 

 
2.3 Intelligent Data Preprocessing 

The preprocessing module has been created to automatically deal 

with noisy and incomplete datasets through the use of innovative 

preprocessing techniques. 

 

 
 

The system dynamically selected models based on prediction ac-

curacy, optimization score, computational efficiency, and scalabil-

ity. 

 

2.4 Hyperparameter Optimization 

Hyperparameter tuning was conducted using Bayesian  

Optimization and Hyperband optimization techniques. 

Optimization Techniques 

 

 

 

 
Bayesian Optimization intelligently explored the hyperparameter 

search space to identify optimal configurations while reducing 

computational complexity. Hyperband optimization dynamically 

allocated resources to promising predictive models. 

 

 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                                                         3 

2.5 System Architecture 

 
 

3. RESULTS 

The experimental evaluation demonstrated that the proposed 

intelligent autonomous system significantly improved prepro-

cessing efficiency, prediction accuracy, and computational 

scalability compared to traditional machine learning workflows. 

 

3.1 Predictive Performance 

Comparative Model Performance Analysis 

 
 

 

The proposed AutoML framework achieved the highest predic-

tive accuracy of 96%, outperforming conventional machine 

learning algorithms across all evaluation metrics, consistent 

with previous AutoML studies (Feurer et al., 2015; Olson et al., 

2016). 

 

 

 

 

 

 

 

3.2 Preprocessing Efficiency 

Preprocessing Efficiency Improvement 

 

 
The intelligent preprocessing framework reduced manual prepro-

cessing effort and computational complexity significantly. 

 

 

3.3 Graphical Analysis 
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Work Flow Distribution 

 
 

4. DISCUSSION 

 

The findings of this study demonstrate the effectiveness of intel-

ligent autonomous systems in automating machine learning 

workflows and improving predictive analytics performance 

(Wang et al., 2021; Li et al., 2020). The integration of intelli-

gent preprocessing techniques significantly enhanced data quali-

ty and predictive reliability by handling missing values, noisy 

records, and class imbalance conditions. Similar findings were 

reported by Koka et al. (2025), who demonstrated that rein-

forcement learning-based preprocessing frameworks improve 

predictive performance and reduce preprocessing complexity. 

 

The results further highlight the effectiveness of AutoML 

frameworks in automating model selection and optimization 

processes. AutoML systems such as Auto-Sklearn and FLAML 

have previously demonstrated substantial improvements in pre-

dictive analytics through adaptive optimization strategies. The 

proposed framework extended these capabilities by integrating 

reinforcement learning-based optimization and intelligent pre-

processing into a unified autonomous architecture. 

 

Bayesian Optimization and Hyperband significantly reduced 

computational complexity while improving predictive scalabil-

ity and optimization efficiency. Reinforcement learning-based 

optimization further enhanced adaptive decision-making and 

intelligent pipeline optimization. These findings demonstrate 

the growing importance of autonomous AI systems in predictive 

analytics and intelligent decision-making applications. 

Despite promising results, several limitations remain within the 

current study. The experiments were primarily conducted on 

structured tabular datasets, limiting generalizability to image 

and text analytics applications. Future research should focus on 

explainable AI, deep reinforcement learning, and real-time 

streaming analytics. 

 

 
5. CONCLUSION 

 

This research presented an intelligent autonomous system for data 

preprocessing, model selection, and predictive analysis using ad-

vanced AutoML techniques and intelligent optimization frame-

works. The proposed system successfully automated critical stages 

of the machine learning lifecycle including intelligent prepro-

cessing, adaptive model selection, hyperparameter tuning, and 

predictive analytics. 

 

Experimental evaluation demonstrated substantial improvements 

in predictive accuracy, preprocessing efficiency, computational 

scalability, and intelligent decision-making compared to conven-

tional machine learning workflows. The proposed framework 

achieved a predictive accuracy of 96% while significantly reduc-

ing preprocessing complexity and optimization time. 

 

The study contributes toward the advancement of autonomous 

artificial intelligence systems capable of automating end-to-end 

machine learning operations with minimal human intervention. 

Future research should explore real-time predictive analytics, ex-

plainable AI systems, federated learning, and deep reinforcement 

learning-based optimization strategies. 
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