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1|Introduction    

The rapid growth of smart cities relies a lot on advanced technologies like the Internet of Things (IoT). These 

technologies help create connected environments where data flows easily between sensors, devices, and 

infrastructure. IoT networks are essential for modern urban systems, enabling smart services like energy 

management, waste collection, and transportation systems. They allow real-time data sharing to monitor 
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Abstract 

As urban areas begin to implement Internet of Things (IoT) networks for transportation, new obstacles emerge in 

enhancing routing. Effective routing is crucial for ensuring efficient data communication among devices, sensors, 

and vehicles while minimizing energy use and delays. However, fluctuating conditions—such as traffic and network 

demands—complicate the process of making routing choices. Traditional methods frequently struggle to adapt in 

these scenarios. This research examines various strategies for improving routing, including techniques like Ant 

Colony Optimization (ACO) and Dijkstra's Algorithm. We suggest a dynamic routing framework that reacts to real-

time circumstances, with an emphasis on conserving energy and guaranteeing dependable data transmission. We 

evaluate its performance based on critical metrics like packet delivery rates, response times, and energy use in 

simulated smart city environments. Our findings indicate that this system effectively lowers data delivery delays and 

enhances energy efficiency in comparison to conventional routing approaches. Adjusting routing paths in response 

to current conditions makes the system adaptable and trustworthy—traits that are essential for smart city initiatives. 

This study offers valuable insights for urban planners and IoT developers aiming to enhance transportation efficiency. 

Our results underscore the significance of adaptable algorithms in addressing the evolving demands of smart cities, 

fostering more sustainable and productive urban settings.  
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  traffic, manage public transport, and reduce congestion, making urban living more sustainable and efficient 

[1], [2]. 

In smart city transportation, efficient routing is key. It helps ensure that data packets move smoothly between 

various IoT devices, such as sensors on roads, traffic lights, and vehicles. Good routing reduces delays, 

prevents bottlenecks, and ensures important information like traffic patterns or emergency routes gets to 

where it needs to go quickly. Plus, efficient routing helps lower energy consumption, which is important for 

extending the life of battery-powered IoT devices [3]. 

However, managing dynamic transportation networks comes with its challenges. Issues like traffic congestion 

can disrupt real-time communication, and as more devices connect, scalability becomes a concern. We also 

need energy-efficient communication to keep everything running sustainably. Traditional routing methods 

often struggle to meet these needs in fast-changing urban environments, leading to delays, higher energy use, 

and ineffective routing [4]. 

This research aims to develop efficient routing algorithms and frameworks specifically for IoT networks in 

smart cities. We propose a hybrid routing approach that adjusts to real-time conditions, focusing on energy 

efficiency and reliability. By addressing the unique challenges of urban transportation systems, this study 

hopes to improve data transmission, enhance scalability, and contribute to building smarter, more sustainable 

cities [5], [6].   

1.1|Figures and Tables 

Fig. 1. Overview of routing algorithms in smart city transportation systems, 

highlighting their role in traffic flow optimization and delay reduction. 

In smart city transportation systems, using the right routing algorithms is important for keeping traffic moving 

and reducing delays. 
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Fig. 2. Delay performance of Dijkstras and ACO algorithms. 

 

Fig. 3. Conceptual representation of an IoT-enabled smart city 

transportation system with dynamic routing optimization. 

 

Table 1. Benefits of routing optimization in loT for smart city transportation. 

 

 

 

 

 

 

 

  

  

 

  

 

Benefit Description 

Traffic management   

 

Reduces congestion and travel times through dy- namic routing 
and adaptive traffic signals.  

 Public safety   Enhances emergency response and accident preven- tion with 
real-time hazard detection.  

Resource efficiency   Lowers fuel and operational costs by optimizing  travel 
distances.  

Environmental impact  Decreases emissions and supports sustainable trans- port 
solutions. 

User experience   

 

Provides real-time traffic updates and integrated mo- bility 
services for convenience. 

Data-driven decisions   Enables analytics for informed planning and predic- tive 
maintenance. 

Scalability   Adapts to changing traffic patterns and integrates  with future 
smart city applications. 

Economic growth   Attracts investments and reduces costs for trans-portation 
services. 
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  One well-known option is Dijkstra's Algorithm. It's great for finding the shortest path with stable and 

predictable traffic patterns. 

Table 2.  Comparison of routing algorithms in smart city transportation systems. 

 

 

  

 

 

 

 

 

 

 

 

 

 

On the flip side, we have ACO. This one takes natural cues and can adjust to changing traffic conditions, 

making it ideal for those busy, unpredictable times when traffic can vary. 

The strengths and weaknesses of these algorithms help us choose the best one for managing traffic in real-

time and making our roads more efficient [7]. 

 

 

Fig. 4. Pie charts comparing the ACO algorithm and dijkstra's algorithm. 

 

Dijkstra's Algorithm is great for stable environments where things don’t change much. It’s quick and reliable 

for finding the shortest paths, making it ideal for applications like navigation systems. ACO, on the other 

hand, excels in dynamic settings where conditions are constantly shifting. Its ability to adapt and learn from 

past experiences helps it find good solutions even in complex networks, like those in smart cities [8], [9]. 

1.1.1|Variables and equations 

Variables and Equations 

d: this represents the distance between two nodes, measured in kilometers. 

Attribute Dijkstra's Algorithm   
Key features   Finds the shortest path from a source to all other nodes   

Uses a priority queue   
Suitable for static weighted graphs (e.g., fixed traffic patterns) 

Complexity   Time: O(E+ V log V) 
Space: O(V) 

Advantages   Guarantees optimal solution for known paths   
Fast execution for small to medium-sized networks   
Simplicity in implementation   

Disadvantages Inefficient for dynamic traffic changes   
Requires complete knowledge of the graph in advance 

Attribute Ant Colony Optimization (ACO)  

Key features   Mimics behavior of ants finding paths   
Uses pheromone trails for adaptive path selection   
Suitable for dynamic and complex environments (e.g., varying traffic conditions) 

Complexity   Time: O(𝑎𝑘) (dependsonnumbero fiterationsandants)   
Space: O(n) 

Advantages Adapts well to changing conditions   
Can find near-optimal paths in complex scenarios   
Effective in large, decentralized networks 

Disadvantages   May not always guarantee optimal paths   
Requires careful tuning of parameters for best performance   
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  t: this stands for travel time, which we measure in minutes. 

C: this is the cost of routing, expressed in monetary units. 

R: this indicates the reliability of the route, which is shown as a percentage. 

b: this constant sets a threshold value for optimization and is always greater than 1. 

N: this refers to the number of nodes in the network. 

P: the packet delivery ratio is also expressed as a percentage. 

Travel time calculation 

This equation helps us determine how long it takes for data or vehicles to travel between nodes. Knowing 

the travel time is crucial for making smart routing decisions and optimizing routes. 

Cost of routing 

This equation takes into account both the distance traveled and the time spent. These factors are key in 

determining the overall cost of routing in IoT networks, and optimizing costs is essential for efficient routing. 

Reliability of the route 

Reliability is a vital measure when assessing routing protocols' performance. By understanding the percentage 

of successful transmissions, we can evaluate the network's robustness. 

Packet delivery ratio 

The packet delivery ratio is a crucial performance indicator for any network, including IoT networks. It helps 

us see how effectively data is transmitted across the network, which is key for route optimization. 

Optimization function 

This optimization function captures the essence of routing optimization: minimizing costs while ensuring 

route reliability meets a specific standard. It emphasizes the trade-off between cost and reliability, crucial for 

effective routing decisions in smart city transportation systems. 

Application Scenarios 

I. Traffic Management 

 IoT sensors provide live traffic data, enabling dynamic routing decisions to alleviate congestion. Smart traffic 

lights adjust their timings based on traffic flow, optimizing vehicle movement. 

II. Public Transportation 

Data-driven route adjustments based on passenger demand ensure timely bus services. Real-time updates 

enhance user experience in public transport. 

III. Emergency Response 

t =
d

v
.  

c = a. d + b. t.  

R = (
Nsuccessful

Ntotal
) × 100.  

P = (
Ndelivered

Nsent
) × 100.  

Minimize C subject to R ≥ b.  



 Routing optimization in IoT networks for smart city transportation systems 

 

44

 

  Analyzing traffic data helps emergency services navigate quickly to incidents. Effective routing during 

emergencies facilitates efficient evacuations. 

IV. Logistics and Delivery 

IoT enhances delivery routes, ensuring quick package arrivals. Real-time vehicle tracking optimizes logistics 

operations. 

V. Environmental Monitoring 

IoT tracks air quality and traffic patterns, helping reduce congestion and pollution. Routing adjustments 

minimize noise disturbances in residential areas [10]. 
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