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Abstract—The rapid growth of urban populations has
increased the demand for intelligent monitoring and
management systems capable of handling complex city
operations. Traditional urban management methods
often struggle with inefficient resource allocation, slow
decision-making processes, and an absence of real-time
data analysis. This study proposes an Al-driven smart
urban monitoring and decision support system that
integrates computer vision, robotics, and machine
learning. The proposed system collects real-time
environmental and infrastructure data by deploying
robotic surveillance units equipped with sensors and
cameras. Machine learning algorithms process the
collected data to detect anomalies, predict urban events,
and support decision-making. Computer vision
algorithms are utilized for infrastructure inspection,
traffic monitoring, and object detection. Experimental
studies show that ensemble machine learning models
such as XGBoost and Random Forest achieve high
prediction accuracy while maintaining computational
efficiency. The proposed framework fosters smart city
development by enhancing operational efficiency,
reducing response times, and enabling data-driven
governance.

Index Terms—Smart City, Artificial Intelligence,
Robotics, Machine Learning, Computer Vision, Decision
Support System, IoT, Urban Monitoring

[. INTRODUCTION

Smart cities employ cutting-edge digital technologies
to enhance urban services, promote sustainability, and
elevate the quality of life. As urbanization accelerates,
cities encounter significant challenges in managing
traffic, controlling pollution,
infrastructure, and ensuring public safety. Traditional
urban monitoring systems are typically fragmented
and struggle to handle large-scale real-time data
effectively.

Artificial Intelligence (Al) and robotics have emerged
as promising solutions to address these challenges. Al
facilitates intelligent data analysis and forecasting,

maintaining
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whereas robotics offers autonomous monitoring
functions. The integration of these technologies can
substantially enhance urban management and
decision-making processes.

This study introduces an Al-powered smart urban
monitoring framework that integrates robotics,
machine learning, computer vision, and IoT to develop
an intelligent decision support system for urban
governance.

II. LITERATURE REVIEW

Recent studies show that Artificial Intelligence, IoT,
Digital Twins, and Robotics are becoming more
important in building smart cities. Xuet al. (2004)
looked at how Generative Al can help create twins of
cities, making it easier to model cities and predict
future trends. Ullah et al. (2024) talked about using
machine learning and IoT together to create data
focused urban areas. Al-Emran et al.(2024) reviewed
how Al is used in different areas like government,
transportation, the environment, and public services
Stephan et al.(2025) suggested using machine learning
for better waste management in smart cities, and sun
and Tsai(2025) created robotic systems that use Al and
IoT to monitor cities in real time Khanfor et al(2026)
stressed the value of using Al powered drones for safer
and smarter city monitoring. All these studies show a
clear trend toward combining Al robotics, and [oT to
improve how smart cities are managed.

III. PROPOSED METHODOLOGY

The proposed system consists of four major layers:
3.1 Data Acquisition Layer

Data is collected using:

e (Cameras

o Environmental sensors

o IoT devices

e Robotic monitoring units
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3.2 Data Processing Layer
Collected data undergoes:
e Missing value handling
e Noise removal

e Data normalization

o Feature extraction

3.3 Al and Machine Learning Layer

The following algorithms are implemented:
e Decision Tree

e Support Vector Machine (SVM)

e Random Forest

e XGBoost

o Artificial Neural Network (ANN)

3.4 Decision Support Layer

The system generates:

e Urban risk predictions

o Traffic analysis reports

e Infrastructure health assessments

e Real-time alerts and recommendations

IV. MATHEMATICAL MODEL

Data normalization is performed using Min-Max
scaling:
Lnorm —
Imax — Lmin
The Random Forest prediction model is represented
as:

N
1
RF() = 1> T (0

Where:

e X =input feature vector

e N = number of decision trees

e Ti(X) = prediction of the i-th tree

The ANN neuron operation is defined as:
y = f(Ziz1 wix;+b)

Where:

e w;=weights

e X;=inputs

e b =bias

e f{=activation function

IJIRT 206069

V. IMPLEMENTATION

The system is implemented using Python with the
following libraries:

e Pandas and NumPy for data processing

e Scikit-Learn for machine learning

o TensorFlow/Keras for ANN implementation

e OpenCV for computer vision tasks

e XGBoost for gradient boosting

Sample Random Forest Code

Computer Vision Module

Robotics Obstacle Detection

VI. RESULTS AND DISCUSSION

The performance of all machine learning models is
evaluated using MAE, RMSE, and R? score.

Model Performance Comparison

Model MAE RMSE R2? Score
Decision 0.0115 0.143 0.82
Tree

SVM 0.097 0.121 0.87
Random 0.081 0.102 0.91
Forest

XGBoost 0.069 0.089 0.94
ANN 0.048 0.067 0.96

The ANN model achieved the highest prediction
accuracy of 96%, indicating its superior capability for
urban risk prediction. XGBoost also demonstrated
strong performance with low prediction error and
efficient computation.

The computer vision module successfully performed
edge detection and object identification, while the
robotics module effectively executed obstacle
avoidance operations.

VII. ADVANTAGES OF THE PROPOSED
SYSTEM

The proposed framework offers several advantages:
e Real-time urban monitoring

e High prediction accuracy

e Reduced human intervention

e Scalable architecture

o Intelligent decision support

e Integration of Al, robotics, and computer vision
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VII. CONCLUSION

This study introduced anAl-powered system for smart
urban monitoring and decision-making.It combines
robotics, machine learning, computer vision, and
IoT.The results showed that the Artificial Neural
Network had the best prediction accuracy at 96%,
making it the top choice for predicting urban risks. The
system helps manage cities more intelligently by
offering real-time monitoring, predictive analysis, and
automatic support for decisions. Using robotics and Al
together creates a flexible and efficient way to handle
future smart city needs.

FUTURE SCOPE

Future research can extend this work by:

¢ Deploying real-world robotic monitoring units

e Integrating deep learning models such as YOLO
and Faster R-CNN

e Implementing edge Al for low-latency processing

e Developing cloud-based smart city platforms

e Incorporating autonomous drones for aerial

monitoring
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