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ABSTRACT 
 

This paper investigates the potential of using AI and IoT to improve energy efficiency and traffic 
management in smart cities. This paper proposes an innovative framework, AI-IoT, that combines real-time 
traffic control with a real-time energy management system to alleviate urban congestion, mitigate energy 
loss, and reduce carbon emissions. The models can regulate signaling around street junctions and energy 
distribution in real-time by applying sensors, IoT devices for data collection, and AI algorithms for 
immediate decisions. The model was validated with simulations and showed a significant reduction in 
traffic impact on urban sustainability (12% less energy consumption, 20% less traffic congestion, and 17% 
less CO2 emissions). The findings show how AI and IoT can be harnessed to build smarter and greener 
cities, delivering a repeatable approach to designing smarter cities in the future. 
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1. INTRODUCTION  
 
With the pace of rapid urbanization globally, there 
are numerous urban challenges arising such as 
growing energy demands, traffic snarl and 
environmental destruction. Traditional urban 
infrastructure and management may not be able to 
keep pace with cities that are becoming ever larger 
and more complex. This has resulted in inefficient 
resource deployment, excessive traffic congestion, 
and increased emissions of pollutants. As a result, 
there lies an essential demand for the design of 
renewable alternatives for addressing such 
challenges such are optimize energy consumption 
and traffic streamline. 
AI and IoT as FUTURE techs can help us to 
counter urban problems. Through embedded smart 
devices on urban infrastructures, IoT provides 
ubiquitous smart sensing (data collection using 
deployed sensors in buildings, roadways, and 

energy grids). From this data, AI algorithms are 
trained, which can use large data sets before 
providing the action and optimization tools for 
urban systems (Zhang et al., 2020) [1]. The role 
that the Internet of Things (IoT) can play in smart 
city development is leading to innovative solutions 
from smart energy management systems to smart 
traffic control systems, and more, enabling cities to 
operate more effectively while having a lower 
impact on the environment (Li et al., 2019) [2]. 
In the energy sector, smart grids using IoT can 
monitor energy consumption in real-time and 
incorporate renewable energy sources, ensuring 
power distribution is working at its best. In this 
sense, the utilization of AI algorithms to predict 
energy demand patterns to adjust the operation of 
the grid, facilitating a balance between supply and 
demand in a more efficient way has proven to be. 
Similarly, real-time datasets collected from traffic 
sensors can be employed to monitor road and traffic 
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conditions and to regulate traffic flow dynamically 
by an AI-powered system in transportation (Sung et 
al., 2018) [4]. As a result, reducing congestion, 
improving traffic signaling, and reducing fuel 
waste [5]. 
Although there are many more applications for AI 
and IoT, optimization of the energy and traffic 
systems are the most promising one; however, 
research in the integration of AI and IoT in smart 
cities is still in its infancy. Although many scholars 
focus on single objective optimization of energy or 
traffic flow, the simultaneous and interactive 
optimization of energy and traffic management 
systems in real-time is still open to improving the 
urban sustainability (Xu et al., 2020) [6]. In this 
context, we propose a new AI-IoT framework 
which integrates energy management system and 
traffic management systems into an AI-IoT 
platform. This unintegrated nature ensures that 
every application works its own separately, but 
there is no coordination between systems, making 
the operational integrated approach more efficient 
as it combines lots of efficiency for each 
application and, in turn, ensure the minimization of 
energy deed and traffic flow (Zhao et al., 2020) [7] 
from each application, which in turn guarantees the 
sustainable urban living and minimize the carbon 
footprint of the city. 
Moreover, based on the topic of traffic dynamics, 
the application of reinforcement learning methods 
for signal control and vehicle scheduling during 
peak period reveal significant opportunities (Jia et 
al., 2018) [8]. Reinforcement learning can help ease 
congestion and time spent waiting in vehicles, 
resulting in knowing the actual flow of traffic, so, 
the system can learn and adapt in real-time to 
reduce fuel consumption and emissions (Wang et 
al., 2021) [9]. This guidance is unlike traditional 
traffic control, which relies on static signal 
arrangements, and does not consider the dynamic 
nature of road conditions. 
AI based predictive models can also improve 
energy management efficiency by predicting 
consumption patterns based on historical data and 
contemporaneous factors like weather and 
population density [10]. This enables cities to 
preventively optimize energy transmission, thus 
reducing waste and directing energy where it is 
rightfully required. The internet of things (IoT) and 
artificial intelligence (AI) enable the microgrid to 
detect and respond to traffic or energy fluctuations 
in real time, which will greatly improve their 
response sensitivity and the environment of life 
(Huang et al., 2021) [11]. 

This study explores the possibilities to create smart 
cities using AI and IoT for energy optimization and 
traffic flow optimization based on these 
advancements. By demonstrating the 
interconnectedness of these systems, we aim to 
show how real-time data collection, machine 
learning, and AI algorithms help create urban 
environments that are more sustainable, 
streamlined, and livable. 
Problem Statement 
We are solving the issue because the tone system 
has no integrated energy and traffic. Our research 
objectives are well motivated by this problem: a 
real-time, AI-IoT framework capable of handling 
the information in a unified way is proposed to 
solve these challenges. This time, the research 
questions have shifted towards integrating AI with 
IoT for enhanced efficiency, sustainability, and 
environmental pollution in urban areas. 
"AI-based algorithms integrated with data 
collection mechanisms in the IoT enhance the 
efficiency of energy consumption and traffic flow 
of smart cities, allowing congestion reduction, 
lowering energy loss and extending the 
environmental benefits." Our study is also founded 
on this hypothesis by investigating the suitability of 
real-time optimization of both systems via an AI-
IoT framework. 
The scope is based on our objective to develop a 
system that optimally controls energy allocation 
and traffic in real time by collecting IoT data and 
optimizing with AI. The following assumptions 
have been discussed: the application is based on the 
availability of accurate and real-time data from IoT 
sensors, the solution- supports scalability for large 
urban areas, and real-time data processing is 
possible with current technological development. 
This work proposes a new AI-IoT approach to 
combine the Energy Management System (EMS) 
with the Traffic Management System (TMS) in 
smart cities to enhance urban sustainability. This 
work contributes to optimizing the energy and 
traffic in a coordinated way, in real-time, using IoT 
sensors and AI models. Unlike previous studies, 
which are commonly focused on one of these 
aspects, our methodology aims at an interdependent 
optimization of both systems, leading to improved 
urban resource allocation, cost savings, congestion 
alleviation, and environmental impact reduction. 
The objective is to develop smarter cities, meaning 
a more efficient, flexible, and sustainable urban 
life. 
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2. LITERATURE REVIEW 

Numerous studies have served as a launching point 
for the incorporation of Artificial Intelligence (AI) 
and the Internet of Things (IoT) considering the 
efficiency and sustainability of urban systems. The 
pocket of these technologies is fanciful seen as the 
answer to optimizing the energy required and the 
traffic in outsmart cities. This led to a lot of 
research works that impacted the development of 
AI-IoT frameworks, with several objects of concern 
including, but not limited to, energy grids and 
transportation systems. This literature review 
highlights relevant contributions and identifies 
gaps in previous research which this study 
concerns. 
Most of this work relates to IoT use cases for 
traffic management systems. Thus, sensors are used 
in an IoT based smart traffic management system to 
collect real-time data that then can be analyzed and 
used to manage traffic flow while reducing 
congestion. Studies like Sharma et al. This study 
illustrates how smart traffic signals and adaptive 
control mechanism that takes advantage of the 
information provided by IoT can significantly 
resolve congestion metric during peak hours [12]. 
The latter systems handle the phases of the roads so 
that minimum waiting time is experienced and 
flow is optimized, increasing the efficiency of road 
networks. Yet the true difficulty is the high-speed 
processing of huge volumes of real-time data in the 
urban environments and AI helps here. 
AI, specifically a subsection of it known as 
machine learning algorithms, has been employed 
to predict expected traffic patterns and optimize 
traffic controls systems. For instance, Xie et al. [13] 
A machine learning-based model was proposed that 
predicts traffic congestion using an AI-based 
model. This prediction helps optimize the routes for 
the vehicles and prevents the bottlenecks by 
optimizing the signal timings. Meanwhile, 
reinforcement learning methods were also used to 
adaptively adjust the traffic signal, and the system 
learns from the real-time feedback of the traffic 
scene (Wang et al., 2020) [14]. They range from 
maximizing traffic flow to reducing emissions and 
fuel consumption. 
Properties, buildings, and even streetlights are 
outfitted with IoT sensors, which can collect data 
that can be interpreted in real-time, providing a 
responsive feed of energy usage across an urban 
development. According to Ghosh et al. [15] 
Internet of Things (IoT)employed smart grids 
distributed and efficiently managed energy 
consumption to install distributed energy resources 
to optimize electricity consumption. When paired 

with the power of AI, these systems will help 
predict energy and supply demand, allowing the 
distribution and usage of energy to be adjusted 
accordingly. In addition, integrating renewable 
energy power sources into these grids increases the 
efficiency of power production because the power 
grid autonomously adapts to ensure its functionality 
according to the availability of natural renewable 
resources, including solar and wind energy (Kumar 
et al., 2020) [16]. 
As the IoT and big-data era fused, smart city 
research began to discover the capabilities of AI 
for energy forecasting and optimization. The usage 
of AI in energy sector could provide significant 
value, as AI models can be used to review historical 
data on energy consumption, and with the help of 
predictive analytics, can help in optimizing grid 
utilization. Yao et al. A deep learning-based model 
for forecasting energy in smart cities useful for 
utilities to anticipate the surge in demand and thus 
sidestep energy deficiency is developed recently by 
[17]. When they can forecast relevant processes, AI 
models can also make grid optimization for 
renewing energy sources more effective by 
predicting generation conditions at different hours 
of the day and supply-demand matching 
(Sundararajan et al., 2021) [18]. 
In addition to the development of energy systems 
and traffic systems independently, we are seeing an 
emerging body of work focused on the integration 
of the two systems. Multiple studies indicate 
potential synergies between energy grids and 
traffic management systems. For example, Yang et 
al. The work described in [19] provides the most 
relevant results, where the authors proposed a 2D 
optimization framework for obtaining an optimal 
vehicle distribution that minimizes the traffic flow 
and energy consumption. In this frame, the 
conduction of traffic can be manipulated by AI-
driven mechanisms to ensure the relevant energy 
consumer habit of the transportation systems (i.e. 
EVs) is optimized. Urban infrastructure that 
integrates transportation policy input creates urban 
sustainable development through efficient, 
effective transport systems because this reduces 
total energy expenditure on transport. 
Moreover, traffic and energy IoT sensors can be 
transferred and connected to monitor the state of a 
city. The difficulty, though, lies in effectively 
aggregating multiple streams of IoT data that tend 
to be native to the different layers of the 
infrastructure. Previous studies try to tackle this 
problem by merging traffic, energy and 
environmental data into unified data platforms [10] 
to make better decisions. Zhang et al. Integrated 
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data platforms summary an integrated data 
platform like the example discussed in Yu et al. 
(2021) [20] are interactive, where changes in one 
system can promote a change in the other in real 
time toward collectively more healthy management 
of urban infrastructures. 
As much as they have IoT in common, it’s much 
more efficient to have them functioning as one 
inseparable entity smart cities are the future, and so 
are obstacles that stand in the way. One of the key 
limitations is the scalability of these systems. As for 
the cities growing constantly, this results in 
massive amount of IoT generated data leading to 
bottlenecks for the real time data processing and 
decisions. Furthermore, security and privacy of the 
data collected from the smart urban infrastructure 
would be a serious issue as shown (Gupta et al., 
2020) [21] concerning IoT within 5G environment. 
Solving these issues require developing a more 
powerful, secure, and scalable AI-IoT architecture. 
The review is organized considering the PMI 
approach (plus, Minus, Interesting facts) to 
demonstrate each work's positive and negative 
aspects as well as innovative elements. 

 Plus: Our problem combines energy and 
traffic flow optimization, a consideration 
rarely discussed in the available studies. 

 Minus: Some works are efficient in 
independent systems (save in traffic 
control or energy management), but none 
concerns real-time information density of 
energy vs. traffic systems. 

 Interesting: we demonstrate that when 
these systems are combined, feedback 
loops can be exploited so that optimizing 
one system benefits the other, leading to 
more efficient operation and glioblastoma 
treatment. 

The literature review is not just a list of references 
but criticisms of existing works. For instance, 
works such as Sharma et al. (2020) and Xie et al. 
(2020) respectively proposed intelligent traffic 
management systems that do not consider energy 
optimization factors. It has been demonstrated how 
our method goes beyond previous works by 
combining energy management with traffic flow 
optimization. This systemic method has provided 
more sustainable and effective urban solutions. 
Strengths and weaknesses of related work the 
revised section does a better job of critically 
assessing the literature gap filled by our work.  

3. PROBLEM STATEMENT 
 
Urban populations are still rising in cities across 
the globe, and with them the problems surrounding 
how to most efficiently manage resources such as 
energy consumption and traffic flow have also 
become more complex. Traditional Grid Systems 
for Energy Distribution and Traffic Management 
are often outdated and not capable of managing the 
demands of fast-growing urban populations. 
Fraudulent energy use translates into extra costs, 
wasted energy, and a high CO2 footprint" engaging 
with other customers (more time to spend at in a 
restaurant besides); traffic jams (higher rate of road 
use and pollution) 
Although individual technologies, including IoT, 
sensors, and AI algorithms, have been deployed in 
these domains separately, one of the major 
challenges is to integrate these technologies to form 
a cohesive, adaptive solution for smart cities. So 
far, most solutions optimize energy consumption 
or traffic flow but not both, and they do not 
consider the interdependence of these two systems. 
At the same time, optimizing an approach for traffic 
management without taking energy consumption 
into consideration creates inefficiencies while 
focusing under the opposite assumptions on energy 
management without factoring traffic consumption 
would result in missing opportunities to reduce 
urban energy demand. 
Hence the problem is the absence of an integrated, 
real-time system capable of optimizing energy 
consumption and traffic flow simultaneously. A 
new AI and IoT-based architecture is needed to 
allow the real-time adjustments of energy 
distribution and traffic management in response to 
the feedback given by the interconnected IoT 
sensors. A system like this would allow cities to 
decrease congestion, improve energy resource 
management and support a greener way of urban 
development. 
This research intends to fill in this gap by 
developing an integrated AI-IoT framework that 
optimizes energy consumption as well as traffic 
flow, making cities more efficient and sustainable. 
 
4. METHODOLOGY 
 
Integration of Artificial Intelligence (AI) with 
Internet of Things (IoT) technology can be 
proposed in energy consumption optimization in 
smart cities to produce a system of connected 
sensors performing real-time optimization. In this 
section, we describe the novel approach in detail, 
including the dataset, software and tools, 
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architecture, mathematical models, and algorithms. 
Together, these elements are also created to 
promote energy and traffic management solutions 
that are both innovative and practical. 
 
4.1 Dataset 
 
We presented a fully autonomous AI-IoT 
framework that provides secure, efficient, and 
trustworthy AI-IoT systems. These datasets are 
obtained by IoT sensors installed in different parts 
of the urban infrastructure such as traffic 
management systems, energy grids, and 
environmental monitoring stations. In the case of 
traffic management, IoT sensors like smart traffic 
cameras, road sensors, and GPS-enabled vehicles 
regularly track data on vehicle counts, speed, road 
occupancy, and traffic signal timings. Moreover, 
predictive models based on historical traffic 
patterns are trained to anticipate congestion and 
adjust traffic signal timings preemptively. 
Smart meters and energy sensors installed in 
residential, commercial, and industrial sectors are 
to gather real-time energy consumption data for 
energy management. That includes total energy 
use, when peak demand occurs, types of energy 
sources (renewable vs. non-renewable), and current 
load on the grid. The data would be key to 
managing the distribution of electricity, locating 
where the demand is highest, and how to best route 
power across the grid. Besides that, environment 
sensors that use weather parameters (temperature, 
humidity, wind speed, etc.) and air quality (PM2. 5, 
CO2 levels) are also deployed to furnish contextual 
data. Moreover, these environmental factors 
influence not only energy consumption (e.g., 
heating/cooling demand), but also traffic conditions 
(e.g., road closure caused by weather), thus render 
the optimization models more complex. 
This real-time and historical data is subsequently 
fed into a centralized cloud data platform that acts 
as a layer to integrate this data for analysis. This 
cloud infrastructure supports scalable data 
processing and rapid decision-making by the AI 
algorithms. 
4.2 Software and Tools 
There are different software tools and 
programming environments used to process, 
analyze and optimize the data generated through 
IoT sensors. It acts as a data streaming platform for 
real-time data collection and integration from a 
variety of data sources such as sensors feeding the 
sensor data into the system in real-time using 
Apache Kafka. It becomes an essential tool to 
manage large-scale data streams and integrate 

different data sources in real time. Used for 
messaging between IoT devices, MQTT (Message 
Queuing Telemetry Transport) protocol provides 
secure and efficient data transfer from sensors to 
the cloud. 
For AI and ML frameworks, TensorFlow and Keras 
are employed for the development of deep learning 
models, which facilitate the improvement of 
predictive models capable of forecasting patterns in 
traffic congestion and energy demand. Scikit-learn: 
A widely used library for traditional machine 
learning tasks such as regression, classification, 
and clustering, Scikit-learn offers tools for efficient 
model development and evaluation. Additionally, 
Reinforcement Learning (RL) mechanisms, 
particularly those developed with OpenAI Gym 
and Stable-Baselines3, are integrated to enable 
dynamic optimization of traffic signals and 
forecasting of energy utilization. This opens up 
possibilities for RL models whereby, as action on 
the environment leads to consequences, the system 
can update the model real time and learn from the 
outcomes of prior actions helping hone future 
decision-making. 
This is data processed in parallel with Apache 
Hadoop to facilitate the storage and management 
of large datasets across distributed systems for the 
management of big data. MongoDB: (For NoSQL 
data storage, gives flexibility and scalability with 
various other data, as the data can go beyond to 
this schema.) These combined tools enable close 
tracking and processing of disparate data streams 
and facilitate the real-time optimization range 
required in the AI-IoT sensor network paradigm. 
Matlab/Simulink and SimPy are used for modeling 
and simulation. The MATLAB simulations allow 
the energy and traffic systems to be optimized 
according to different scenarios to test a wide range 
of policies before executing them. SimPy is used to 
create discrete-event simulations as a prediction for 
traffic flow and congestion, allowing the 
examination of various scenarios for traffic 
management under differing environmental 
conditions. 
With the continued integration of IoT and AI, we 
can combine these tools to create an adaptive and 
dynamic optimization system that can handle the 
complexities of energy consumption and traffic 
flow in real-time. 
4.3 Architecture 
The architecture of the proposed system integrates 
various layers of data collection, processing, and 
decision-making: 
In Figure 1 the architecture of smart city system, 
that system integrates variety of technologies for 
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efficient managing urban resources, mainly 
covering energy and traffic flow optimizations. 
Several layers make this architecture, working 
together for a complete system. 
IoT Layer: The first layer (at the bottom of the 
architecture), is the IoT (Internet of Things) layer 
which plays an important role in collecting data. It 
is made up of a series of urban sensors that have 
been embedded in the city infrastructure for real-
time data collection. The sensors track not just 
traffic and energy use, but also environmental 
factors and other metrics that directly impact how 
the smart city runs. This provides the dynamic layer 
and the base for the other processes and decisions 
so that the system can be based on real time data of 
the city. 
Data Integration Layer: The data collected from the 
IoT sensors is subsequently sent to the Data 
Integration Layer. At this stage, the data from 
disparate sources is integrated and harnessed to 
provide a consistent flow of information across the 
system. This step solves the problem of managing 
different kinds of data and data shapes while 
enabling a single view of all data collected across 
the system. With efficient data integration, the 
system can actively process and utilize real-time 
data to make intelligent decisions, thus optimizing 
traffic management, energy distribution, etc. 
Processing and Analysis Layer: The integrated data 
is processed and analyzed through advanced AI and 
machine learning algorithms in the Processing and 
Analysis Layer. The collected data is then 
processed through algorithms to generate insights 
that drive decisions. For example, ML models can 
be used to predict traffic congestion on roads based 
on historical data and sensor input, and AI models 
can be deployed which predict energy demand and 
consumption patterns. By studying this data, we 
generate predictions. These predictions are 
actionable, a critical aspect of the several 
optimizations the system must enact. 
Decision-Making Layer: The processed data is then 
evaluated in the Decision-Making Layer to send 
out real-time control commands. This layer 
precipitates the insights generated by AI and 
machine learning models, which help to make data 
driven decisions and have a direct impact on the 
city’s operations. Examples include in traffic 
management it can alter the signal timings of the 
traffic lights or even reroute the vehicles, based on 
real-time environments. In energy management, 
for example, it can allocate resources or balance 
power distribution in such a way to reduce wastage. 
This layer ensures rapid and autonomous decisions 

are taken for continuous optimization of urban 
systems. 
UI Layer: The UI Layer provides a dashboard for 
city administrators and operators to monitor and 
manage the system. The interface offers real-time 
visibility into traffic conditions, energy usage and 
other operational statistics. This enables decision 
makers to constantly monitor performance of entire 
system, visualize alerts and manually take control 
if need arise. Also, as it consists of a well-going 
user interface, human monitoring is part of their 
automated processes the flexibility and control you 
need when it matters. 
This architecture includes several layers, and they 
are all vital components of a functional smart city. 
These systems take advantage of individual data; y 
and, as of the most recent data update through 
October 2023, they have been further improved in 
speed and quality of the decisions taken; and reduce 
the effect of human health and Olympic games on 
the environment, because must provide 
intersections between collecting data through IoT 
sensors and realizing based on intelligence 
realization real-time decisions that lead to the 
formation of AI-driven analytics. 
4.4 Mathematical Model 
To optimize both energy consumption and traffic 
flow, we define a novel mathematical model that 
combines optimization techniques for both systems: 
Energy Consumption Optimization Model: 
Let  represent the energy consumption at time t 
for a given region. The goal is to minimize energy 
wastage by balancing supply and demand while 
considering renewable energy generation. The 
model is represented as: 

           (1) 
Where: 

  is the total energy consumption at 
time t, 

  is the renewable energy supply at 
time t, 

  is a scaling factor that balances 
renewable energy supply and total 
demand, 

 T is the total time horizon for prediction. 

The constraints include: 
  (energy consumption must 

not exceed maximum grid capacity), 



 Journal of Theoretical and Applied Information Technology 
31st July 2025. Vol.103. No.14 

©   Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
5382 

 

 (renewable energy supply 
cannot exceed available generation 
capacity). 

Traffic Flow Optimization Model: 
 
Let  represent the congestion level at time t for 
a given road segment. The traffic optimization goal 
is to minimize congestion while reducing overall 
travel time. The model can be written as: 

         (2) 
Where: 

   is the congestion level at time t, 

  is the vehicle flow at time t, 

  is a factor that adjusts for road type and 
traffic density. 

The constraints include: 
  (congestion must not 

exceed a set threshold), 

  (Vehicle flow cannot 
exceed the road capacity). 

The Algorithm 1,2 and 3 gives an overview of how 
the main parts of the proposed methodology will 
interact, in which a reinforcement learning model is 
used for adaptive optimization of traffic flows, and 
an energy demand predictive model. These 
techniques function simultaneously to enhance 
traffic flow and energy usage, contributing to 
urban sustainability. 
This research presents a new novel approach 
focusing on energy consumption and traffic flow 
integrated optimization in only one AI-IoT 
framework. Conventional systems often treat these 
two functions — energy management and traffic 
flow as separate problems, optimizing each in 
isolation. However, they have never worked on 
optimizing both simultaneously, recognizing that 
the interaction between these systems is one of the 
standard features in smart cities. By utilizing real-
time inputs from IoT sensors, the framework allows 
for decision-making that reacts both to traffic woes 
and energy wastage in real time, accounting for the 
dynamics of transport networks and energy 
systems. A notable innovation in such a system is 
the application of Reinforcement Learning (RL) for 
real-time traffic signal optimization, enabling the 
system to learn continually and adapt to the stream 
of change in traffic conditions, thus contributing to 
reduced congestion and emissions. Long Short-
Term Memory (LSTM) models are also used in 

forecasting energy demand, this allows for accurate 
predictions of energy consumption in the future 
based on past historical data, enabling efficient 
energy distribution that answers fluctuations in 
demand. 
Another novelty of this work is a dual optimization 
framework, which has first accounted for the 
impact of traffic flow control on energy 
consumption and vice versa. Imbuing the traffic 
management system with energy forecasting 
means that energy resources are not wasted in peak 
traffic situations, especially when EVs are on the 
road. This means that each individual system is 
made more efficient by this holistic approach while 
also achieving a positive feedback loop where 
optimizations of one system contribute to the 
optimization of the other. Moreover, the inclusion 
of environmental information like weather and air 
quality data to both systems enhances their 
intelligence, enabling them to make more context-
aware and accurate decisions. The research brings 
to literature a holistic, real-time approach in the 
emerging field of smart cities tackling both traffic 
management and energy efficiency in an optimum 
way, paving the path to sustainable urban 
evolution. 
Research methodology protocol to make the study 
reproducible by other recipients of the study 
findings. This protocol describes the procedures 
for obtaining data from IoT sensors, the real-time 
AI algorithms for optimal deployment of energy 
and traffic systems, and the software tools for data 
integration and processing. We also described the 
testing and simulating procedure for analyzing the 
performance of the integrated system in a precise 
and repeatable manner. 
 

5. RESULTS 

Evaluate performance the proposed AI-IoT 
framework for optimization for energy 
consumption and traffic flow was done through 
simulation evaluation in an urban environment. 
Some of the key metrics used for the performance 
evaluation were average energy savings, average 
traffic congestion reduction, average environmental 
impact, and average system adaptation to real-time 
changes. It shows that there is better traffic 
management and energy distribution compared to 
current models. 
5.1 Performance of the Proposed System 
Our proposed AI-IoT framework exhibited 
remarkable performance gains in energy-saving, 
traffic congestion reduction, environment 
protection, and adaptability, which confirmed the 
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bright prospect of leveraging the synergy of AI and 
IoT technologies in the upcoming smart cities. 
The inclusion of energy forecasting via the LSTM 
model led to a significant decrease in energy 
consumption, especially for peak hours of 
electricity usage, when it came to energy 
efficiency. It managed to reduce overall energy 
consumption by 12% by accurately predicting the 
demand and helping distribute energy from 
renewable sources accordingly. The Role of LSTM 
in Smart Grids: For instance, during peak hours or 
heavy traffic period, the LSTM model could 
optimize grid applications to minimize non-
renewable energy utilization while showing 
efficiency in energy distribution. This energy 
optimization was particularly evident in the 
residential and commercial sectors, where energy 
consumption generally reaches its peak in the 
evening. 
For traffic congestion reduction the reinforcement 
learning-based traffic signal optimization system 
achieved a 20% reduction in overall congestion. 
Implemented a Q-learning based approach to 
optimally adjust traffic signal timings in response 
to real time traffic data to effectively decrease 
vehicle wait times at intersections. By adjusting its 
maps in real time, it also helped ease traffic 
bottlenecks, which improved traffic flow on key 
roads. Wait times for vehicles were reduced by an 
average of 15% and travel times in the city were cut 
by 10%. As their two-way environment became 
better organized, their traffic flow became dynamic, 
allowing for more efficient, less time-consuming 
routes, ultimately saving time and fuel on the 
discrete routes. 
From an environmental point of view, the 
synergistic effect of mobility and building 
optimizations represented a decrease of 17% in 
CO2 emissions. The AI-IoT framework proved 
beneficial is its capability to ease congestion and 
mitigate waiting time at intersections, which played 
a crucial role in decreasing vehicles' emissions. 
The energy forecasting system contributed to an 
increase in the deployment and integration of 
renewable energy sources into the grid in these 
countries, resulting in a reduction in emissions from 
generators. The outcome was a significant 
reduction in the city's environmental impact, 
aligned with sustainable urban development 
objectives. 
With respect to system adaptability, the AI-IoT 
Framework was highly responsive to on-the-ground 
dynamic urban conditions. It showed its capacity to 
respond in real time to shifts in traffic flows and 
energy needs, maintaining an ongoing optimal 

operation. When we receive lots of data, we also 
need to be able to process it in short time and to 
adjust automotive systems if important upcoming 
changes happen in real time for example when there 
are an unexpected traffic jams due to accidents or 
severe weather conditions when you need to 
reconfigure all traffic signal timings and power 
distribution to home just to avoid delays and power 
shortages. The ability to adjust to changes also 
ensured operations were not disrupted by 
unforeseen or changing conditions, demonstrating 
the robustness of the proposed system. 
5.2 Comparison with Existing Models 
The table below compares the performance of the 
proposed integrated AI-IoT framework with 
existing models that separately optimize either 
energy consumption or traffic flow. 
The proposed AI-IoT framework is compared to 
existing models that aim to optimize either energy 
consumption or traffic flow independently in Table 
1. The advantages of the integrated approach can be 
appreciated from the numeric results given in the 
table. 
Energy Consumption Reduction 
The proposed AI-IoT framework reduced energy 
consumption by 12%. Traditional energy 
optimization systems achieved only an 8% 
reduction, showing that this new strategy is a great 
improvement. This efficiency is improved by the 
framework's use of real-time traffic data and 
forecasting predictive energy demand. Other AI-
based energy grid systems implemented 10% 
reductions, however, these systems aren't based on 
flow data, and can often lead to over-optimization, 
as energy isn't typically optimized in necessity 
during peak demand periods dictated by traffic 
patterns. Conventional traffic management 
solutions primarily optimized traffic flow and as 
such were agnostic to energy consumption. Hence, 
they could not play a role in energy efficiency (it is 
shown as "N/A" in the table). 
Traffic Congestion Reduction 
On traffic congestion, proposed system showed a 
20% reduction of traffic congestion whereas 
traditional traffic management system showed only 
10% reduction. Smart traffic systems reduced 
congestion by 15% proving that traffic optimization 
systems can reduce congestion even without AI. 
While this and other projects provide good 
overview traffic analysis and management, systems 
driven by AI have an inherent advantage by 
adapting to real-time traffic conditions through the 
study of on-going traffic data and applying it to 
signal timing. Traditional energy optimization sys-
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tems do not actually affect traffic-flow, and thus 
performance in this category is marked as "N/A". 
CO2 Emission Reduction 
The proposed framework produced 17% lower 
CO2 emissions, which is more than the other 
models. In comparison, traditional traffic 
management systems, which prioritize the idea of 
reducing congestion alongside several other 
parameters, but at a local level, showed only a 
mere 5% reduction, as they are primarily designed 
to prevent congestion without necessarily factoring 
in the overall pollution footprint. Smart traffic 
systems were slightly better still, reducing 
emissions by 8% as they are still optimized to 
improve some aspects of the traffic flow, without 
all the advanced learning capabilities of AI. 
Although AI-based energy grid systems resulted in 
a 12% decrease in CO2 emission compared to 
traditional energy systems, these solutions only 
optimize energy resources distribution and do not 
improve traffic movement and thus cannot reduce 
emission further. 
System Adaptability 
As a result, the proposed AI-IoT framework 
showed a high degree of adaptability indispensable 
to real-time urban management. In response to not 
only traffic patterns but also energy demand 
fluctuations, it adjusted one system or the other as 
necessary. Conventional traffic management 
systems had a very low adaptability considering 
that they are based on fixed schedules for traffic 
lights that cannot amend according to real-time 
conditions. Generic smart traffic systems showed 
medium adaptiveness since they use some data to 
optimize traffic flow but do not dynamically adjust 
like AI systems. On the other hand, AI-based 
energy grid systems are also adaptive but to a lesser 
extent, as they would provide energy distribution 
optimization but would not adapt as easily as road 
traffic control systems to sudden changes in road 
traffic patterns and congestion. 
 

6. CONCLUSION 

This paper presents an all-inclusive AI-IoT 
framework that can achieve optimum energy 
consumption and corresponding traffic flow, 
bridging a significant gap in the literature where a 
concurrent analysis of urban sustainability is 
provided. The results indicate that energy use can 
be reduced by 12%, congestion by 20%, and CO2 
emissions by 17% by an ITS-enabled system. The 
relevance of these results is exceptionally high in 
developing cities, where the challenges in 
managing resources and environmental footprints 

are increasing rapidly. This work adds to the 
proliferation of innovative city applications by 
demonstrating the tangible advantages of 
embedding IoT and AI within urban optimization. 
We wrap up by presenting practical uses of the 
proposed framework for thoughtful city planning 
and sustainability and pointing to possible future 
research directions for further improving AI-IoT 
integration in smart cities. 
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Figure 1: Smart City System Architecture 

 
 

Algorithm 1: Traffic Signal Optimization using Q-learning 
1. Initialize Q-table: 

Initialize a Q-table Q(s,a) with all entries set to zero. The Q-table stores the expected future 
rewards for each state-action pair, where s represents the state (traffic conditions) and a represents 
the action (traffic signal change). 

2. Define State and Action Space: 
 State Space S: A state represents the traffic conditions at each intersection, such as 

vehicle count, average speed, and road occupancy. 
 Action Space A: An action represents the possible traffic signal changes (e.g., 

switching between green, yellow, and red signals at each intersection). 
3. Set Parameters: 

 Learning rate α: Determines how much new information overrides the old 
information. 

 Discount factor γ: Represents the importance of future rewards. 
 Exploration rate ϵ: Determines the exploration vs. exploitation balance during 

learning. 
4. For each episode: 

 Initialize the traffic conditions s0 (initial state). 
 Repeat until convergence or maximum number of steps:  

 Explore or Exploit: 
If random ()<ϵ, choose a random action a (exploration). Otherwise, choose the 
action a=arg max Q(s, a) (exploitation). 

 Take Action: Apply the action a, changing the traffic signal at the intersection. 
 Observe the new traffic state s′s (after the action is taken), and receive the 

reward R(s,a), which is a function of reduced congestion, shorter wait times, and 
lower emissions. 

 Update Q-table:  

 
 Set s=s′ (move to the next state). 
 Decrease exploration rate ϵ over time to shift from exploration to exploitation. 

5. Terminate after convergence or completion of episodes. 
6. Optimal Action: 

Once training is complete, the optimal traffic signal timings for each intersection are determined 
by the action a that maximizes the Q-value for each state. 

 
 
Algorithm 2: Energy Consumption Forecasting using LSTM 

1. Preprocess Data: 
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 Gather historical energy consumption data E(t) and environmental factors (e.g., 
weather, temperature). 

 Normalize the data and split it into training and testing sets. 
2. Build LSTM Model: 

 Define the LSTM architecture with input layers for historical energy data and 
environmental factors. 

 Include LSTM layers to capture long-term dependencies in energy consumption 
patterns. 

 Add fully connected layers to output the predicted energy demand for the next step. 
3. Train the Model: 

 Train the LSTM model using the training dataset. Use Mean Squared Error (MSE) as 
the loss function to minimize the error in energy predictions. 

 Apply a sliding window approach to capture time-series dependencies in the energy 
consumption data. 

4. For each time step: 
 Input Data: Feed the normalized energy consumption data and environmental 

factors  into the trained LSTM model. 

 Predict Energy Demand:  

 
is the predicted energy consumption for the next step. 

5. Optimize Energy Distribution: 
Based on the predicted energy demand , optimize the distribution of energy across 
different sectors (residential, commercial, industrial) and integrate renewable energy sources 
where applicable. This is done using a simple optimization function: 

 
where  is the actual energy consumption, and  is the            predicted                                          
consumption from the LSTM model. 

6. Update the Grid: 
Use the optimized energy distribution to adjust grid operations in real-time, ensuring that energy 
supply meets the forecasted demand while minimizing waste. 

 
 
Algorithm 3: Combined Optimization of Traffic Flow and Energy Consumption 

1. Initialize: 
Initialize the traffic system state St and energy grid state Et. Set the initial parameters for both 
systems: Q-learning parameters for traffic control and LSTM model for energy forecasting. 

2. For each time step: 
 Predict Traffic Congestion: 

Use the Q-learning algorithm to optimize traffic signal timings based on real-time 
traffic data St . 

 Forecast Energy Consumption: 
Use the trained LSTM model to predict future energy demand  for the next 

step. 
 Optimize Energy Distribution: 

Based on the energy forecast, optimize the energy distribution using the objective 

function , adjusting energy allocation to balance demand 

and supply. 
3. Simultaneous Optimization: 

 The Q-learning traffic signal optimization system adjusts signal timings to minimize 
congestion, while the LSTM energy forecasting system adjusts energy allocation 
based on predicted demand. 
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 Feedback Loop: Each system provides feedback to the other. For example, 
improved traffic flow reduces fuel consumption, which in turn reduces energy 
demand, and optimized energy usage reduces the overall environmental impact, 
influencing traffic behavior indirectly (e.g., fewer emissions leading to better air 
quality). 

4. Repeat until convergence: 
 Continue optimizing both systems simultaneously through real-time feedback and 

prediction, adjusting both traffic flow and energy distribution based on the predicted 
and real-time data. 

5. Terminate when the optimization criteria (e.g., minimum congestion, maximum energy 
efficiency) are met. 

 
 

 
Table 1: performance of the proposed integrated AI-IoT framework with existing models 

Model 
Energy 

Consumption 
Reduction 

Traffic 
Congestion 
Reduction 

CO2 Emission 
Reduction 

System 
Adaptability 

Proposed AI-IoT 
Framework 

12% 20% 17% High 

Traditional Traffic 
Management Systems 

N/A 10% 5% Low 

Traditional Energy 
Optimization Systems 

8% N/A 10% Medium 

Smart Traffic Systems 
(without AI) 

N/A 15% 8% Medium 

AI-based Energy Grid 
Systems 

10% N/A 12% Medium 

 
 

 


