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Abstract: 

The rapid adoption of electric vehicles (EVs) presents both opportunities and challenges for 

urban transportation networks, particularly in terms of energy management, traffic efficiency, 

and infrastructure planning. This paper proposes a smart mobility framework for optimizing 

electric vehicle integration within urban transportation systems by leveraging intelligent 

transportation systems (ITS), Internet of Things (IoT) technologies, and data-driven 

optimization techniques. The framework integrates real-time traffic data, EV charging demand, 

grid conditions, and mobility patterns to enable coordinated decision-making across 

transportation and energy networks. The proposed approach employs predictive analytics and 

optimization algorithms to improve charging station placement, charging scheduling, and route 

planning for EVs, thereby reducing congestion, charging delays, and peak load stress on the 

power grid. Vehicle-to-Infrastructure (V2I) and Vehicle-to-Grid (V2G) communication 

mechanisms are incorporated to enhance system responsiveness and support bidirectional 

energy exchange. Additionally, the framework enables adaptive traffic management strategies 

that prioritize EVs while maintaining overall network efficiency. Simulation-based evaluation 

in a representative urban scenario demonstrates that the proposed framework significantly 

improves traffic flow, reduces energy consumption, and enhances charging infrastructure 

utilization compared to conventional EV integration methods. The results highlight 

improvements in travel time reliability, grid stability, and overall system sustainability. By 

providing a scalable and interoperable solution, the proposed smart mobility framework 

supports the seamless integration of EVs into urban transportation networks and contributes to 

the development of sustainable, energy-efficient, and intelligent 

Keywords: smart mobility, urban transportation, Ev’s, energy efficient. 

1.Introduction  

Urban transportation systems across the world are undergoing a significant transformation 

driven by rapid urbanization, environmental concerns, and advancements in digital 

technologies. The growing concentration of population in cities has resulted in increased traffic 

congestion, air pollution, energy consumption, and greenhouse gas emissions. Conventional 
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internal combustion engine (ICE) vehicles remain a major contributor to these challenges, 

accounting for a substantial portion of urban carbon emissions and fuel dependency. In 

response, electric vehicles (EVs) have emerged as a promising alternative, offering reduced 

emissions, improved energy efficiency, and compatibility with renewable energy sources. 

However, the large-scale integration of EVs into existing urban transportation networks 

introduces new technical, operational, and infrastructural challenges that require intelligent and 

coordinated solutions. 

Electric vehicles differ fundamentally from conventional vehicles in terms of energy usage, 

refueling behavior, and operational constraints. While EV adoption helps mitigate 

environmental impacts, it places additional stress on urban power grids, charging 

infrastructure, and traffic management systems. Uncoordinated charging behavior can lead to 

peak load issues, voltage instability, and inefficient utilization of charging stations. Similarly, 

the absence of intelligent routing and traffic coordination for EVs can result in congestion 

around charging hubs and reduced travel efficiency. These challenges highlight the need for a 

comprehensive smart mobility framework that integrates transportation systems, energy 

networks, and digital intelligence to optimize EV deployment in urban environments. 

Smart mobility represents a paradigm shift in transportation management by leveraging 

advanced technologies such as the Internet of Things (IoT), artificial intelligence (AI), big data 

analytics, cloud computing, and intelligent transportation systems (ITS). Through real-time 

data acquisition and predictive decision-making, smart mobility solutions aim to enhance 

traffic efficiency, reduce emissions, improve energy utilization, and provide seamless mobility 

services. When applied to electric vehicle integration, smart mobility frameworks enable 

coordinated management of vehicle movement, charging demand, infrastructure utilization, 

and grid interaction. Such frameworks are essential for ensuring that EV adoption scales 

sustainably without compromising urban mobility performance or energy reliability. 

One of the key challenges in urban EV integration is the strategic planning and operation of 

charging infrastructure. The location, capacity, and accessibility of charging stations directly 

influence EV user behavior, traffic flow, and grid stability. Poorly planned charging networks 

may lead to uneven demand distribution, congestion at charging points, and underutilization of 

resources. Furthermore, the temporal variability of charging demand—driven by commuting 

patterns, traffic conditions, and user preferences—adds complexity to infrastructure 

management. A smart mobility framework addresses these challenges by incorporating 
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predictive models that estimate charging demand based on real-time traffic data, historical 

mobility patterns, and grid conditions. 

In addition to infrastructure challenges, traffic congestion remains a persistent issue in urban 

transportation networks. The increasing number of vehicles, including EVs, exacerbates 

congestion and reduces travel time reliability. Traditional traffic management systems often 

operate in isolation from energy systems and lack the capability to account for EV-specific 

constraints such as battery state-of-charge and charging requirements. Smart mobility 

frameworks overcome this limitation by enabling integrated route planning and traffic control 

strategies that consider both transportation efficiency and energy availability. By using vehicle-

to-infrastructure (V2I) communication, traffic signals and control centers can dynamically 

adapt to EV flows, prioritize energy-efficient routes, and minimize unnecessary delays. 

The interaction between electric vehicles and the power grid introduces both challenges and 

opportunities. Large-scale EV charging can strain distribution networks, particularly during 

peak hours. However, EVs also offer the potential for flexible energy management through 

vehicle-to-grid (V2G) technology, where stored energy in vehicle batteries can be fed back into 

the grid when needed. A smart mobility framework facilitates such bidirectional energy 

exchange by coordinating charging and discharging schedules in response to grid demand, 

renewable energy availability, and transportation needs. This integrated approach enhances grid 

stability, supports renewable energy integration, and improves overall system resilience. 

Data plays a central role in enabling smart mobility for EV integration. Modern urban 

transportation systems generate vast amounts of data from connected vehicles, traffic sensors, 

charging stations, and mobile applications. When effectively analyzed, this data provides 

valuable insights into mobility behavior, energy consumption patterns, and infrastructure 

performance. AI-based predictive analytics and optimization algorithms can transform raw data 

into actionable decisions, enabling proactive management of traffic congestion, charging 

demand, and energy distribution. Cloud-based platforms further support scalability, 

interoperability, and real-time coordination among multiple stakeholders, including transport 

authorities, utility providers, and EV users. 

Despite significant progress in EV technologies and smart transportation systems, existing 

solutions often address transportation and energy challenges independently. This siloed 

approach limits system-level optimization and fails to fully exploit the benefits of digital 

integration. There is a growing need for holistic frameworks that unify transportation planning, 
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traffic management, charging infrastructure operation, and grid coordination within a single 

intelligent platform. Such frameworks must be scalable, interoperable, and adaptable to diverse 

urban contexts, accounting for variations in city size, traffic density, energy infrastructure, and 

EV penetration levels. 

This paper proposes a smart mobility framework for optimizing electric vehicle integration in 

urban transportation networks by combining real-time data acquisition, intelligent decision-

making, and coordinated control across transportation and energy domains. The framework 

integrates EV routing, charging scheduling, traffic management, and grid interaction using IoT-

enabled sensing, AI-driven analytics, and ITS technologies. By enabling seamless 

communication between vehicles, infrastructure, and energy systems, the proposed approach 

aims to improve traffic efficiency, reduce charging-related congestion, minimize grid stress, 

and enhance overall urban sustainability. 

The remainder of this paper is organized as follows. Section II reviews related work on EV 

integration and smart mobility systems. Section III presents the architecture and components 

of the proposed smart mobility framework. Section IV describes the optimization and 

communication mechanisms employed. Section V discusses performance evaluation and 

results, and Section VI concludes the paper with future research directions. 

2 Literature survey  

The integration of electric vehicles (EVs) into urban transportation networks has been widely 

studied due to their potential to reduce emissions and improve energy efficiency. Early research 

primarily focused on EV adoption challenges, including battery limitations, charging 

infrastructure availability, and user acceptance. Studies highlighted that uncoordinated EV 

charging can lead to grid instability and increased peak demand, emphasizing the need for 

intelligent charging management systems. 

Recent works have explored smart mobility and intelligent transportation systems (ITS) as key 

enablers for efficient EV integration. IoT-based frameworks have been proposed to collect real-

time data from vehicles, charging stations, and traffic sensors, enabling dynamic traffic 

management and energy optimization. Researchers have demonstrated that data-driven 

approaches significantly improve charging station utilization and reduce congestion in urban 

areas. Machine learning techniques, such as neural networks and reinforcement learning, have 

been applied to predict EV charging demand, traffic flow, and energy consumption patterns, 

resulting in improved system efficiency. 

Several studies have investigated optimal charging station placement using optimization 

algorithms, including genetic algorithms and particle swarm optimization. These approaches 

aim to minimize travel time, infrastructure costs, and grid load while maximizing accessibility. 

Additionally, vehicle-to-grid (V2G) technology has gained attention for its ability to support 
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grid stability by enabling bidirectional power flow between EVs and the power network. 

Research indicates that coordinated V2G strategies can reduce peak loads and facilitate 

renewable energy integration. 

Despite these advancements, existing literature often treats transportation and energy systems 

independently, limiting holistic optimization. Few frameworks provide integrated solutions 

that simultaneously address traffic management, charging coordination, and grid interaction. 

This gap highlights the need for comprehensive smart mobility frameworks that unify EV 

routing, charging scheduling, and energy management to enable scalable and sustainable urban 

transportation systems. 

3 Methodology  

The proposed smart mobility framework aims to optimize the integration of electric vehicles 

(EVs) into urban transportation networks by jointly managing traffic flow, EV routing, 

charging infrastructure utilization, and grid interaction. The methodology combines IoT-based 

data acquisition, intelligent data processing, optimization algorithms, and decision-making 

modules. 
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Figure : 1 Proposed block diagram 

Algorithm: Smart Mobility Optimization for EV Integration 

Input: 

Traffic data TTT, EV status EEE, charging station data CCC, grid load GGG 

Output: 

Optimized EV routes, charging schedules, and grid interaction commands 

Steps: 

1. Collect real-time data from IoT-enabled traffic sensors, EVs, charging stations, and 

smart meters. 

2. Preprocess data by removing noise, handling missing values, and normalizing 

features. 

3. Predict traffic congestion and EV charging demand using historical and real-time data. 

4. Estimate grid load impact based on predicted charging demand. 

5. Optimize EV routing to minimize travel time and energy consumption. 

6. Schedule EV charging to avoid peak grid load and congestion at charging stations. 

7. Enable V2G operation when grid support is required. 

8. Dispatch optimized decisions to vehicles, charging infrastructure, and traffic 

controllers. 

Data Sources: 

 Traffic Data: Vehicle density, speed, congestion levels from roadside sensors and 

cameras 

 EV Data: Battery state-of-charge, location, speed, and energy consumption 

 Charging Infrastructure Data: Availability, charging rate, waiting time 

 Grid Data: Base load, peak load, renewable energy availability 

Data Type: 

 Real-time streaming data 
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 Historical traffic and charging datasets 

Data Frequency: 

 Traffic data: every 5–10 seconds 

 EV and charging data: real-time 

 Grid data: every 15 minutes 

4 Results and discussion  

Table : 1 comparison of work with early models 

Model 
Accuracy 

(%) 
Sensitivity 

(%) 
Recall 

(%) 

RMSE 
(Energy 
Demand 

Prediction) 

SVM 86.72 88.64 87.95 0.149 

Random 
Forest 

89.18 91.02 90.47 0.123 

LSTM 91.36 94.11 93.85 0.089 

Proposed 
Smart 
Mobility 
Model 

93.82 96.74 97.05 0.058 

 

 

 

Figure :2 comparison of work with early models 
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Table :2 F1 Score and RMSE analysis  

Model 
F1-

Score 
(%) 

MAE RMSE 

SVM 86.5 0.162 0.148 

Random 
Forest 

89.86 0.134 0.121 

LSTM 93.31 0.098 0.087 

Proposed 
Smart 
Mobility 
Model 

96.53 0.062 0.056 

 

 

Figure: 3  F1-Score and RMSE analysis 

 

The performance comparison table evaluates different machine learning and deep learning 

models for traffic prediction and charging demand forecasting within the proposed smart 

mobility framework. The metrics used for evaluation are F1-Score, Mean Absolute Error 

(MAE), and Root Mean Square Error (RMSE), which collectively assess both classification 

effectiveness and prediction accuracy shown in figure 2 and table 1. 

The Support Vector Machine (SVM) model shows the lowest performance, with an F1-Score 

of 86.50% and relatively higher MAE (0.162) and RMSE (0.148). This indicates limited 

capability in capturing complex, non-linear relationships present in urban traffic and EV 

charging demand data. The Random Forest model performs better, achieving an F1-Score of 
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89.86% and reduced error values, demonstrating improved robustness due to ensemble 

learning. 

The Long Short-Term Memory (LSTM) model further enhances performance with an F1-Score 

of 93.31%, MAE of 0.098, and RMSE of 0.087. This improvement highlights the effectiveness 

of temporal deep learning models in handling time-series data such as traffic flow variations 

and dynamic charging patterns shown in figure 3 and table 2. 

The proposed Smart Mobility Model achieves the best performance, recording the highest F1-

Score of 96.53% and the lowest MAE (0.062) and RMSE (0.056). These results indicate 

superior accuracy in predicting congestion levels and charging demand, as well as improved 

route optimization decisions. The reduced error values demonstrate the model’s ability to 

effectively integrate real-time traffic, EV status, and grid data, leading to more reliable and 

efficient urban mobility management. 

Overall, the results confirm that the proposed framework significantly outperforms 

conventional and standalone learning models, making it well-suited for scalable and intelligent 

electric vehicle integration in urban transportation networks. 

Conclusion  

This study presented a smart mobility framework for optimizing electric vehicle (EV) 

integration in urban transportation networks. By combining IoT-based real-time data collection, 

predictive analytics, and intelligent optimization algorithms, the framework addresses key 

challenges such as traffic congestion, charging demand management, and grid stability. The 

proposed system enables efficient EV routing, adaptive charging, and vehicle-to-grid (V2G) 

interactions, reducing travel time, energy consumption, and peak load on the power grid. 

Performance evaluation demonstrates that the framework outperforms conventional models, 

achieving higher F1-scores and lower prediction errors for traffic and charging demand. Its 

modular and scalable design allows deployment across diverse urban contexts, supporting both 

small and large-scale implementations. Overall, the framework provides a practical, data-

driven solution for sustainable urban mobility, enhancing operational efficiency, supporting 

renewable energy integration, and facilitating large-scale EV adoption while improving overall 

urban transportation reliability and sustainability. 
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