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Abstract: Conventional navigation systems, including established algorithms like Dijkstra’s and A, often struggle to provide
efficient routes for emergency vehicles, leading to delays and potentially compromising critical response times. Studies show that
even a one-minute delay in response times can significantly reduce survival rates in emergencies. This paper introduces the
Weighted Routing Navigation algorithm, a dynamic route planning approach that addresses the limitations of existing algorithms
by integrating real-time data and prioritizing time-sensitive routing. Unlike CH (Contraction Hierarchies) and combined algorithms
like CHWrapper, which focus primarily on minimizing distance, the Weighted Routing Navigation algorithm balances distance and
time factors, resulting in shorter travel times and improved efficiency. Compared to traditional algorithms, simulations show the
Weighted Routing Navigation algorithm can reduce travel times by up to 25

IndexTerms - Weighted Routing Navigation; dynamic urban route planning; traditional algorithms; Dijkstra’s, A*, CH,
and CHWrapper; temporal and spatial integration; superior performance in emergency and urban transit scenarios;
application-driven flexibility; real-world factors prioritized; optimized time and distance efficiency.

I.INTRODUCTION

Conventional navigation systems often struggle to provide efficient routes for emergency vehicles, leading to delays in
response times. Research from the American Journal of Emergency Medicine indicates that even small delays in response times
can have critical consequences, with each minute of delay resulting in a 7-10 increase in mortality for certain emergencies such as
cardiac arrest [1,2]. To address these challenges, the Weighted Routing Navigation algorithm offers a dynamic approach to route
planning, leveraging real-time data and advanced strategies. Studies have shown that dynamic routing algorithms can reduce
emergency response times by up to 20 compared to traditional static routing methods [3]. By prioritizing time-sensitive routing and
adjusting routes in real-time based on changing conditions, the algorithm aims to minimize response times and enhance the
effectiveness of emergency services in urban areas. The necessity for an advanced navigation system tailored for emergency
vehicles is evident given the limitations of existing routing algorithms. A report by the National Institute of Standards and
Technology (NIST) highlights that conventional navigation systems often fail to adapt to dynamic urban environments, resulting in
suboptimal navigation paths and increased response times during emergencies [4]. Through the introduction of the Weighted
Routing Navigation algorithm, this research seeks to overcome these limitations and provide emergency services with a tool capable
of dynamically adjusting routes based on real-time data and emergency priorities. Studies conducted by the European Transport
Safety Council suggest that advanced navigation systems can reduce emergency response times by an average of 15-30[5]. The
implementation of the Weighted Routing Navigation algorithm holds the potential to significantly improve emergency response
capabilities and reduce response times in urban areas. A case study conducted in a major metropolitan area showed that the adoption
of dynamic routing algorithms resulted in a 25 reduction in average response times for emergency vehicles [6]. By optimizing
navigation routes and enhancing adaptability to changing conditions, the algorithm can assist emergency services in navigating
through congested urban environments more efficiently, potentially saving lives and minimizing property damage. Ultimately, the
adoption of such a system could lead to significant improvements in emergency response outcomes, demonstrating the importance
of tailored navigation solutions for urban emergency services.

Il. CATEGORIZATION OF VEHICLES AND THEIR PRIORITIES

In urban road networks, vehicles can be classified based on their functions, which range from personal transportation to public
services. Emergency vehicles, like ambulances, fire trucks, and police cars, are given the highest priority due to their critical role
in responding to life-threatening situations and maintaining public safety. These vehicles are equipped with specialized equipment
and trained personnel to handle emergencies effectively, making their timely arrival essential.
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Additionally, vehicles involved in essential services, such as utility maintenance, public transportation, and waste management, are
also considered a priority due to their impact on the functioning of urban infrastructure and public welfare. Ensuring the smooth
movement of these vehicles is crucial to maintaining the uninterrupted operation of essential services and minimizing disruptions
to daily life.

Furthermore, certain categories of vehicles, like school buses, public transit vehicles, and pedestrian crossings, are given priority
status to ensure the safety and well-being of vulnerable road users. School buses are given priority to ensure the safe transportation
of children to and from school, while public transit vehicles are prioritized to encourage the use of sustainable modes of
transportation and reduce traffic congestion. Also, designated pedestrian crossings and safety zones are established to prioritize the
safety of pedestrians and cyclists, promoting active transportation and enhancing road safety for all road users. By classifying
vehicles based on their functions and assigning priority status accordingly, urban road networks can be optimized to meet the diverse
needs of different users, while ensuring the efficient flow of traffic and the safety of all road users.

Table 2.1:Vehicle Categorization and Priority Levels in Urban Road Networks

Vehicle Category Priority Level Description
Emergency Vehicles High Ambulances, fire trucks, police cars
Essential Services High Utility maintenance vehicles, public
transportation
School Buses Medium Vehiclestransporting school children
Public Transit Medium Buses, trains, metro systems
Pedestrian Crossings Medium Designated crossings and safety zones for
pedestrians
Commercial Vehicles Low Delivery trucks, freight vehicles
Personal Vehicles Low Cars, motorcycles, bicycles

I1l. TRAFFIC MANAGEMENT SYSTEMS

Traffic management systems encompass a range of technologies and strategies aimed at optimizing the flow of traffic on roads and
highways. These systems utilize sensors, cameras, and communication networks to monitor traffic conditions in real time. Through
data analysis and algorithms, traffic management authorities can make informed decisions to alleviate congestion, improve safety,
and enhance the overall efficiency of transportation networks. Components such as traffic monitoring devices, intelligent
transportation systems, and incident management protocols work in tandem to regulate traffic flow, provide timely information to
drivers, and facilitate quick responses to emergencies.

Key features of traffic management systems include their ability to adapt to changing traffic patterns, optimize signal timings, and
provide real-time updates to motorists. By leveraging technology and data-driven approaches, these systems contribute to reducing
travel times, minimizing fuel consumption, and enhancing the overall quality of the driving experience. Public outreach efforts
ensure that commuters are informed of traffic conditions and alternative routes, further enhancing the effectiveness of these systems
in managing traffic flow and improving the resilience of urban transportation networks.

IV. RELATED WORKS ON TRAFFIC MANAGEMENT SYSTEMS

Wang et al. propose a dynamic route planning framework specifically tailored for emergency vehicles operating in urban
environments. The research emphasizes the importance of real-time data analysis and adaptive routing strategies in improving
emergency response efficiency[7] Garcia et al. explore the integration of Geographic Information Systems (GIS) and real-time data
for emergency vehicle navigation. The research highlights the potential of GIS-based systems in providing accurate spatial
information and supporting dynamic route optimization for emergency vehicles [8].

This study examines the potential benefits of dynamic routing algorithms in enhancing emergency medical services. By dynamically
adjusting routes based on real-time data, the research suggests that such algorithms could improve response times and overall
efficiency in emergency situations [9]. Kim et al. discuss the challenges and opportunities in emergency vehicle navigation. The
paper identifies key issues such as traffic congestion, route optimization, and real-time data integration, and explores potential
strategies to address these challenges effectively [10]. Patel et al. conducted a systematic review to investigate the impact of
navigation systems on emergency response times. The review synthesizes findings from various studies and provides insights into
the effectiveness of different navigation technologies in improving emergency response efficiency [11].

Liu et al. conducted traffic management systems tailored for emergency vehicles. The research investigates the use of intelligent
transportation systems and advanced algorithms to optimize traffic flow and prioritize emergency vehicle routes in urban
environments [12]. Chen et al. propose the use of machine learning algorithms to optimize emergency vehicle navigation. The
research explores the application of machine learning techniques in predicting traffic patterns, identifying optimal routes, and
improving overall navigation efficiency for emergency services [13].

Gupta et al. explore the integration of Unmanned Aerial Vehicles (UAVS) in emergency medical services (EMS). The research
evaluates the potential benefits of UAVs in providing rapid medical assistance in remote or inaccessible areas.
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Table 4.1: Limitations of Existing Traffic Management Systems

Year Title Methodology Limitations
"Robust Optimization of Robust optimization
Urban Transportation techniques for urban Dependency on accurate data
2021 Networks under Uncertainty" transportation networks for uncertainty modeling
"Enhancing Emergency Investigation of dynamic
Medical Services through routing algorithms for Limited evaluation of
Dynamic Routing improving emergency algorithm performance in
2019 Algorithms" medical services real-world scenarios
"Adaptive Navigation A comprehensive review of Lack of specific focus on
Systems for Emergency adaptive navigation systems individual algorithms or
2018 Vehicles: A Review" for emergency vehicles methodologies
Identification of challenges
"Challenges and and opportunities in Limited discussion on
Opportunities in Emergency emergency vehicle specific methodologies or
2020 Vehicle Navigation" navigation solutions
"Dynamic Route Planning for | Proposal of a dynamic route
Emergency Vehicles in planning framework for Lack of empirical validation
2019 Urban Environments" emergency vehicles of the proposed framework
Exploration of GIS
"Integration of GIS and Real- | integration and real-time data Limited discussion on the
Time Data for Emergency for emergency vehicle practical implementation of
2021 Vehicle Navigation" navigation GIS-based systems
"Impact of Navigation
Systems on Emergency A systematic review of Lack of standardized
Response Times: A navigation systems’ impact methodologies across
2018 Systematic Review" on emergency response times reviewed studies

Through a discussion of technological advancements and regulatory considerations, the study highlights the opportunities and
challenges associated with the deployment of UAVs in emergency response scenarios.[14]

Jones et al. investigate the potential of intelligent traffic signal control systems in improving emergency response efficiency.
The research focuses on optimizing traffic signal timings in real time to facilitate the passage of emergency vehicles through
intersections. By integrating real-time traffic data and predictive algorithms, the study demonstrates significant reductions in
emergency response times and enhanced traffic flow management.[15]

V. CASE STUDY FOR EMERGENCY SERVICES
A. Streamlining Ambulance Navigation in Delhi’s Traffic Gridlock [16,17]

This case study focuses on the challenges faced by emergency vehicles in navigating through Delhi’s congested roads. By
implementing real-time traffic monitoring systems and dedicated ambulance lanes, the city authorities were able to reduce
response times significantly, ensuring timely access to medical care for residents.

B. Emergency Response Optimization through Helicopter Ambulance Services in Mumbai [18,19]

This study highlights the introduction of helicopter ambulance services to overcome Mumbai’s notorious traffic congestion. By
airlifting critical patients to hospitals swiftly, these services have proved instrumental in saving lives, especially in emergencies
where time is of the essence.

C. Integrating loT in Ambulance Fleet Management for Faster Response in Bangalore[20,21]

This case study showcases how Bangalore’s emergency services leveraged 0T technology to optimize ambulance fleet
management. Real-time monitoring of vehicle locations, traffic conditions, and patient status enabled dispatchers to allocate
resources efficiently, resulting in improved response times and better patient outcomes.

D. Community Volunteer Networks Enhancing Emergency Response in Chennai [22,23]

This study explores the role of community volunteer networks in supplementing Chennai’s emergency services. Through
training programs and mobile apps, volunteers assist in first aid, crowd control, and traffic management during emergencies,
augmenting the efforts of professional responders and enhancing overall response capabilities.

E. Utilizing Waterways for Emergency Transport in Kolkata [24,25]

This case study examines the utilization of waterways for emergency transport in Kolkata, a city crisscrossed by rivers and
canals. By deploying water ambulances equipped with medical facilities, authorities have been able to reach inaccessible areas
swiftly during floods and other emergencies, ensuring prompt medical assistance to affected populations.
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VI. DESIGN OF TRAFFIC MANAGEMENT SYSTEM FOR EMERGENCY SERVICES
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Fig. 1. System architecture of the Green Corridor System

The ”Green Corridor System for Ambulances” has a modular and flexible system architecture. It includes the following key
components:

1. Mapping and Data Generation Component: This component acquires real-time traffic data from SUMO (Simulation of Urban
MObility) and OpenStreetMap (OSM). It produces accurate and up-to-date maps of urban road networks, including road types,
traffic flow, and speed limits.

2. Routing Algorithm Component: This component is the core of the system and is responsible for determining the most
efficient and time-sensitive routes for ambulances. It employs the Weighted Adaptive Navigation Algorithm, which dynamically
calculates routes based on real-time traffic conditions.

3. Traffic Light Control Component: This component communicates with traffic light infrastructure within a specific radius of
approaching ambulances. It enables real-time control and adjustment of traffic lights to prioritize ambulance movement and
minimize delays at intersections.

4. Vehicle and Simulation Control: The system includes functionalities for spawning ambulances, setting up routes, and
controlling the simulation process using Traci (Traffic Control Interface).

Algorithm 1 Emergency Routing

Input: vehicleCategory, currentLocation, goalLocation, road- NetworkData
Output: Heated route value and signal time

Function: EmergencyRouting

1: roadNetwork « initializeRoadNet- work(roadNetworkData)

2: route < createRoute(currentLocation, goallocation)
3: if route is None then

4 print(”No valid route found.”)

5: return
6
7
8

send if
: vehiclelD « spawnVehicle(route)
: heatedRouteValue < 0

9: signalTime « 0

10: while not reachedGoal(vehiclelD, goalLocation) do

11: traci.simulationStep()

12: controlTrafficLights(vehiclelD)

13: heatedRouteValue += calculateHeatedRoute- Value(vehicleCategory, roadNetwork)
14: signalTime += calculateSignalTime(vehiclelD)

15: end while

16: return heatedRouteValue, signalTime

The Adaptive Traffic Control System is a comprehensive and intelligent system that leverages real-time traffic data and
advanced algorithms to optimize traffic movement and response times. It includes a range of key components that work together
seamlessly to provide a fast, efficient, and reliable traffic management service.

JETIRGG06094 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 609


http://www.jetir.org/

© 2024 JETIR May 2024, Volume 11, Issue 5 www .jetir.org (ISSN-2349-5162)

Google
Signal Server |4 Maps/GPS
server
F 3
A
Y ‘
Taffic Signal o Mode(Vehicle)
«-———— —_

Fig. 2. Traffic Light Control for Emergency Response.

In Figure 2, the function simulates the emergency response process. It first builds a digital representation of the road network and
calculates a route for the emergency vehicle. If no route exists, it signals an error. Otherwise, it spawns the vehicle in the simulation
and prioritizes its movement through traffic lights. Throughout the simulation, it tracks two key metrics: a "heated route value”
(likely urgency) and the total time spent waiting at signals. Once the vehicle reaches its destination, the function returns these values,
providing insights into the efficiency of the chosen route.

VII. SIMULATION ENVIRONMENT

A. Scenario
The experimental setup involves a simulated road network representing a dynamic urban environment. The road network includes
various features such as intersections, traffic lights, and different road types.

B. Traffic Simulation:
Utilizing the SUMO (Simulation of Urban MObility) platform to simulate realistic traffic conditions. Traffic simulation incorporates
dynamic changes, such as varying vehicle densities, traffic signals, and potential road closures.
- Parameters and Conditions:

— Edge Costs: Edge costs are dynamically updated based on real-time traffic conditions and events. Simulating scenarios
where road segments experi- ence changes in congestion levels, road closures, or accidents.

— Speed Limit Variations: Introducing variations in speed limits to mimic real-world scenarios with vari- able speed
zones. Testing the algorithm’s adaptability to changes in speed limits due to construction zones or temporary speed
restrictions.

VIII. Results and Discussion
A. Experiment 1: Path Length Comparison
The performance of various routing algorithms was assessed in terms of the average path length they produced. Table 111 presents
the results.
Table 8.1 :Comparison of Path Lengths Generated by Different Algorithms

Algorithm AveragePath Length (units)
Dijkstra’s 120
A* 110
Weighted Routing Navigation 100
Alternative Routing (Alt) 130
Contraction Hierarchies (CH) 125
Combination of Dijkstra and CH (CHWrapper) 115

As shown in Table 8.1, the Weighted Routing Navigation algorithm yielded the shortest average path length at 100 units, followed
closely by A* at 110 units. Alternative Routing (Alt) produced the longest paths on average, with a value of 130 units. These results
suggest that Weighted Routing Navigation and A* algorithms are particularly effective in finding shorter paths compared to others.

B. Experiment 2: Travel Time Comparison

The efficiency of the routing algorithms was further evaluated by comparing the average travel times they generated. Table 1V
outlines the findings.
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Table 8.2 :Comparison of Travel Times Produced by Different Algorithms

Algorithm Average Travel Time (seconds)
Dijkstra’s 300
A* 280
Weighted Routing Navigation 250
Alternative Routing (Alt) 270
Contraction Hierarchies (CH) 265
Combination of Dijkstra and CH (CHWrapper) 260

From Table 8.2, it is evident that the Weighted Routing Navigation algorithm achieved the shortest average travel time of 250
seconds, indicating its efficiency in minimizing travel durations. Conversely, Dijkstra’s algorithm resulted in the longest travel times
with an average of 300 seconds. Notably, the A* algorithm also performed well, producing an average travel time of 280 seconds.
Overall, these results underscore the importance of algorithm selection in optimizing pathfinding processes, with certain algorithms
demonstrating superior performance in terms of both path length and travel time.

C. Comparative Analysis

The effectiveness of the Weighted Routing Algorithm in optimizing emergency vehicle navigation, particularly in scenarios with
traffic congestion, is evident from the results and visual representations. The algorithm’s dynamic weighting based on distance
and time enables it to adapt to real-time conditions, demonstrating its potential to significantly improve emergency response times
in urban settings.

Average Path Length

Fig. 3. Pathfinding Efficiency: Visualizing Routing Algorithm Performance

Average Travel Time {in seconds)

Fig. 4. Average Travel Time by Routing Algorithm.
IX. CONCLUSION

In conclusion, the Adaptive Traffic Control System for Urban Roads proposed in this paper has the potential to greatly enhance
emergency response times in urban landscapes. By utilizing the Weighted Routing Algorithm and dynamic traffic light control
module, the system is able to optimize the navigation of emergency vehicles in high-traffic environments, minimizing delays and
improving operational efficiency. With the implementation of this system, emergency responders will be better equipped to provide

timely and effective aid to those in need. Overall, the Adaptive Traffic Control System has the potential to greatly improve the safety and
well-being of all citizens in urban areas.
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X. FUTURE WORK

This study highlights the potential of the Weighted Routing Algorithm to enhance the efficiency and applicability of the Green
Corridor System, specifically in the context of the Adaptive Traffic Control System for Urban Roads. The central focus of this
effort is the continuous improvement and optimization of the algorithm, involving parameter tuning, alternative weight definitions,
and strategic integration of machine learning techniques. Additionally, the integration of real-time data streams, such as live traffic
updates and vehicular telemetry, could further bolster the system’s ability to respond promptly to evolving traffic dynamics, including
the clearance of emergency vehicles.

The transition from simulation to real-world deployment presents a crucial step in advancing this research. This entails fine-tuning
algorithmic components, incorporating real-time data, and real-world implementations to assess the practical viability and scalability
of the Green Corridor System. Empirical evidence presented in this study confirms the algorithm’s efficiency in enhancing emergency
vehicle navigation and response times within complex urban environments, marking a significant milestone towards the practical
application of the Green Corridor System.

Future efforts could focus on enhancing the algorithm’s efficiency and adaptability, exploring the system’s scalability, and evaluating
the economic, social, and environmental impacts of its deployment. Moreover, the integration of additional components such as
sensors and cameras to enhance the system’s real-time monitoring capabilities, and the development of predictive models to anticipate
traffic patterns and enhance the system’s responsiveness, could further bolster the system’s efficacy.
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