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Abstract – With the rise in the economy and population of 

various developing and developed nations leads to an increase in 

the number of vehicles on the road to manifolds recently.  In 

the smart vehicular networks, there are numerous vehicle 

transportation problems (VTP) exists. The main or the most 

common problem is the congestion occurrence due to traffic 

jams and road accidents, especially in urban areas. So route 

planning to find the optimal route for a vehicle that is moving 

from source to destination is an important and challenging task 

as the route conditions change with the traffic conditions, hence 

the shortest and optimal route needs to be re-evaluated. This 

manuscript presents a study and comparison of various 

pathfinding algorithms which include Dijkstra, A Star, CH, and 

Floyd Warshall algorithms which are available as optimal route 

finding algorithms. The simulation of working algorithms with 

comparison has been performed using SUMO with TRACI and 

using python coding. The simulation is performed on real maps 

of urban areas. The parameters used for the comparative study 

are travel time, distance travelled, and speeds of vehicles. 

Index Terms – Smart Vehicular Networks, Guidance Systems, 

Vehicle Transportation Problem, Routing Algorithms. 

1. INTRODUCTION 

Smart vehicular networks are non-infrastructure based 

wireless networks where central administration is not used for 

communication between vehicles. A unified and basic 

communication channel is implemented among the vehicles 

due to the overlapping transmission range of every vehicle in 

the network. The adaptability of vehicular networks helps in 

creating ways to a number of applications that can be useful to 

provide comfort and safety to the passengers [1]. As the 

concept of a smart city is evolving for the past few years for 

urban areas which include the collection of information from 

various sensors and devices as shown in Figure 1. 

The collected data is then analyzed and based on this 

some intelligent decisions are taken to improve the various 

operations of the city [2, 3]. 

There are various applications of smart cities which include: 

 Smart transportation system 

 Smart water supply management 

 Smart  garbage management system 

 Smart parking system 

 Smart surveillance system 

 Smart power  system 

 

Figure 1 Connected Devices 
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To implement these applications various challenges come into 

the picture, especially for smart transportation systems. As the 

number of vehicles on urban roads is increasing day by day, 

so the problem of traffic congestion is also becoming a major 

problem in urban areas [4]. The average travel time for 

the vehicles to reach their destination is now increased. 

Car navigation systems like GPS and GLONASS provide 

some good solutions in finding the best route for vehicles but 

these systems are also prone to errors [5]. There may be signal 

disruption in cities due to buildings, trees, and bad weather. 

So the real-time information may get delayed. For this reason 

LPS (Local Positioning Systems) provides better solutions for 

the quick decision-making process in optimal pathfinding for 

the vehicles. Now the major challenge is to find the optimal 

path between two locations in vehicular networks [6, 7]. For 

this various shortest path algorithms have been proposed like 

Dijkstra, Astar, Floyd Warshall, etc. But the other challenge is 

that the road conditions are dynamic as they may change 

frequently, in this case finding the optimal route is more 

challenging. 

Just like graphs the road network is assumed to be made up of 

nodes and edges which are connected [8]. The vehicles 

running on the network are connected and to the roadside 

units (RSU). The road network is assigned with road id and 

lane id. The information collected on particular lanes of the 

road about vehicles defines the congestion density of the 

vehicles. If congestion is found more, then re-routing 

decisions have to be made [9, 10]. Here is another problem, In 

case of congestion on a particular road or lane, all the traffic 

on the congested lane is re-routed to the same alternate route, 

then congestion on the alternate route also increases [11].  To 

avoid this problem a more dynamic and adaptive approach for 

finding the optimal path of traffic is required. The diagram for 

the traffic routing algorithm case of congestion is mentioned 

in Figure 2. 

 

 

Figure 2 Traffic Routing Algorithm 
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To compare the performance of various algorithms used for 

optimal and shortest path finding, an open-source microscopic 

road simulator (SUMO) is used. It provides the environment 

for the simulation of urban mobility traffic systems. To 

control the traffic scenario TRACI (Traffic control interface) 

is used with SUMO. The language used to simulate the traffic 

environment is python. Various algorithms like Dijkstra, 

Floyd Warshall, and A star, etc are compared and their 

performance is going to be evaluated based on the average 

travel time and other parameters. The rest of the paper is 

organized as follows: Section 2: It describes the works related 

to various routing techniques and mechanisms that 

contributed towards the traffic management systems. Section 

3: The system architecture consisting of various routing 

algorithms is explained. Section 4: Simulation results of 

existing algorithms and performance evaluation is done in this 

section. Section 6: This section discussed the conclusion of 

the performance of the various routing algorithms. 

2. RELATED WORK 

In 2002, I Chabini et al. [12] proposed a dynamic A star 

algorithm for vehicular networks. To find the optimal solution 

it uses the cost estimation function to find the scope of the 

route. M.G.H. Bell et al. [13] in 2012 proposed a hyperstar 

solution to find a fast and reliable route during congestion. It 

computes more than one path from the point of congestion. 

P.Khan et al. [14] in 2014 proposed a modified Floyd 

Warshall algorithm which uses the directed graph to find the 

shortest route. In addition to this, there is a confirmation path 

is available for each traversed path.  In 2018, S Hamrioui et 

al. [15] had researched the area of IoT communications for 

smart cities to design a smart and self-organized routing 

(SSR) mechanism. In this research work, the authors try to 

solve the communication problems in smart cities by 

analyzing the performance degradation of IoT networks 

during communications and they proposed a new routing 

mechanism to improve the network Quality of Services 

(QoS).  

The proposed SSR mechanism works based on the best path 

selection approach according to the data packets requirements 

and can reorganize the discovered route during simulation to 

select the best possible path. That means, designed SSR 

mechanism by the authors is an adaptive technology that can 

allow a self-organizing routing process according to the new-

fangled circumstances of the IoT network. To validate the 

routing mechanism, authors compare the SSR mechanism 

with existing work on the behalf of QoS parameters such as 

performance in terms of packet delivery rate (PDR), 

throughput, delay, and overhead packets with the energy 

consumption. The rate of energy consumption of the SSR 

mechanism is more regarding smart cities and need to 

optimize energy consumption and also consider more QoS 

parameters for the IoT communication in smart cities. Also, 

the proposed SSR mechanism can be used for simple as well 

as more complex and smart houses and cities by utilizing the 

artificial intelligence concept. To improve the communication 

performance of routing mechanisms for smart cities scenario, 

K Zahedi et al. [16] in 2019 presented a Connected Junction-

based Routing (CJBR) mechanism for VANETs. Authors 

designed a new routing mechanism to improve the network 

connectivity by utilizing the CJBR mechanism in the city 

scenarios and the main aim of researchers is to eliminate the 

dependency of the routing mechanism on the paths 

construction’s process based on the traffic density inside the 

road segments. For this purpose, CJBR deploys a selection 

mechanism for the multi-metric junction which depends on 

several parameters, and tries to find out the best route using 

the junction for the data packets transmission. The QoS 

performance of the CJBR mechanism was improved in terms 

of the PDR and delay as compared to other existing junction-

based protocols at high and low connectivity cases but in case 

of high mobility, performance degrade.  

In 2019, S Haider et al. [17] also researched a robust routing 

mechanism in VANETs for the broadcasting of warning 

messages. A Direction Aware Best Forwarder Selection 

(DABFS) routing mechanism is presented by the authors in 

this research work to achieve better performance of the 

network by selecting the best path for data transmission in 

dynamic nature. DABFS routing mechanism considers the 

directions as well as the vehicle's relative geographical 

position to create the best route based on the distance 

parameter to determine a vehicle's movement direction in the 

network by utilizing the concept of Hamming distance. This 

routing mechanism can forward warning messages through a 

neighbor and best route discovery to the target vehicles. The 

simulation results of the network demonstrate that the 

designed DABFS routing mechanism offers improved 

maximum throughput with minimum loss rate and also the 

transmission end-to-end delay is far better than other routing 

mechanisms. But the security concern about the data packets 

is not considered into account by the researchers in this 

research.  

M Ye et al. [18] in 2019 had researched to design a Mobility 

Prediction based Routing (MPBR) mechanism in VANETs 

for data packets transmission. In recent years, the concept of 

position-based routing protocols in VANET has attracted the 

most interest due to the type of changeable or dynamic 

network behavior of vehicular nodes. In this research, the 

authors presented a new concept for routing that is known as 

MPBR, and working is based on neighborhood detection, 

PDR, and path recovery in the network. Authors combine 

both predictive forwarding strategy and recovery strategy to 

detect neighbor's vehicular nodes and transfer data packets by 

utilizing the predicted position and angles of the nodes or 

vehicles. To validate the effectiveness and feasibility of the 

MPBR mechanism, authors compare the simulation results 
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with existing protocols results in terms of PDR, end-to-end 

delay and average hops count in urban scenarios respectively.  

In 2018, Jhaveri et al.[19] presented a Trusted Routing 

Scheme (TRS) in which distinct parameters have been used to 

discover the patterns. The lost packets have been detected 

through this scheme in which behavior and pattern of the 

packets were analyzed. Furthermore, three distinct attack 

patterns have been discovered using the trust model, 

discovery mechanism, and routing mechanism. The 

adversaries have been separated at the initial stage to maintain 

the QoS paradigm. The sensitivity analysis and detection rate 

have also been optimized using the distrust threshold for 

better and effective results but the routing overhead during 

transmission of data packets increases with time and to 

resolve this problem, an ideal node-based energy consumption 

model located on game theory was designed by Zhang et al. in 

2018 [20].  

This document also compared the residual energy and the 

efficiency under the Nash Equilibrium in a cooperative game 

and non-cooperative game environment. The results have 

shown that after nesting, the cluster simultaneously sends the 

same amount of information and energy efficiency of the 

optimal gaming model. There are advantages for collaboration 

for the sensor nodes as the number of energy-saving nodes 

increases the efficiency raises from 12.870 to 38.796%. This 

paper also has confirmed the ideal gaming model of energy 

consumption and collaboration for nodes with better stability 

in which nodes collaboration has better stability. Authors 

focus on routing overhead minimization with minimum 

energy consumption rate but need to elaborate this work with 

IoT application. 

3. SYSTEM ARCHITECTURE 

The road network is divided into the edges and vertices. The 

vehicle moves on-road segments wanting a fast route to reach 

their destination. The road weight is calculated as the time 

taken to reach from position A to Position B which is stored 

in the edge of the road segment. There are two types of 

pathfinding problems that are available, static and dynamic. 

The static problems work on fixed graphs while dynamic 

works on the graph configuration where the number of nodes 

keeps on changing. So there is a need to update the graph on a 

subsequent basis. Real-time applications like traffic 

management systems require dynamic configuration. 

To calculate the shortest distance various routing algorithms 

are there like dynamic routing Dijkstra, Dynamic A Star, and 

Modified Floyd Warshall. Here we are going to discuss 

various dynamic algorithms and their functioning. 

3.1. Dynamic Dijkstra 

The dynamic Dijkstra is used for finding the shortest path 

problem using a retroactive data structure. In this, the 

historical sequence of events is maintained which helps in 

deciding the futuristic events. The priority queue is used for 

solving the dynamic path problem [21]. Here the graph is 

made up of G (V, E, and W) where V denotes the nodes or 

vertex, and E defines the edges’ is the weight of edges. Now 

the weight of the edges varies with increases or decreases 

with time and with insertion or deletion of nodes. Now there 

is a need for a retroactive priority queue in Dijkstra which 

allows performing operations at any point in time. The 

algorithm is defined in Algorithm 1. 

1: Function Dijkstra (G, S): 

2: Dist[S]:= 0 

3: For each vertex V in Graph: 

4: if V is not equal source   

5:  Distance [V]:= infinity  

6: add V to Queue 

7: Insert (x, t) 

8: while Q is not empty: 

9: V: = vertex in Q with min dist [V] 

10: remove V from Q 

11: Invoke (Del_min (t)) 

12: for each neighbor U of V: 

13: alt:= Dist[v] + Length (V, U)  

14: if alt <dist[u]: 

15: dist [v]:= alt 

 16: else 

17: previous[v]:= u 

18: return distance 

19: End 

Algorithm 1 Algorithm for Dynamic Dijkstra 

3.2. Dynamic A Star 

A Star algorithms work well to find an optimal solution in a 

dynamic environment. It is a best-first algorithm whose is aim 

is to find the shortest path to the next node with less cost. The 

parameters for calculating cost is the distance traveled or time 

travel. The cost estimation of A star is done with function 

f(n)= g(n)+ h(n) where g(n) is the actual cost of the path from 

starting node to n node and h(n) is the heuristic function 

which calculates the estimated cost of the cheapest path. The 

priority queue is used for the selection of nodes with 

minimum cost. At every step of this algorithm, the nodes are 

updated on subsequent times and the vertex with the lowest 
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value of f(n) is removed from the searching area. The g(n) and 

h(n) values are updated accordingly. The A Star algorithm 

uses LPA (Lifelong planning) method in which it can reuse 

the previously-stored results for better search [22, 23]. The 

algorithm for Dynamic A Star is given in Algorithm 2. 

1: Preprocessing (G, S): 

2: Dist[S]:= 0 

3: For each Node or vertex (v) in Graph: 

4: Calculate shortest path value f(v) 

5: Witness search for each pair {u, v}  

6: g (v): Cost of path from starting node 

7: h (v) = The heuristic approximation of the value of the 

node 

8: f(v)= g(v) +h(v) 

9: Store the previous results on edge nodes 

10: Query for each neighbor U of V:  

11:  path: = Dist[v] + Length (U, V)  

12: if path <dist [U]: 

13: update dist[u]:= path 

14:    else 

15:  previous[v]:= u 

16: return distance 

17: End 

Algorithm 2 Algorithm for Dynamic A Star 

3.3. Floyd Warshall 

Floyd Warshall algorithm is another good example of 

dynamic pathfinding. The Floyd Warshall algorithm 

compares every possible combination of path calculation 

process between all pairs of vertices. This algorithm is used to 

find the all pair shortest path problem [24]. This shortest path 

is computed between all pairs of vertices. The graph is taken 

as a matrix and then updates the solution matrix by 

considering all vertices as an intermediate vertex. The 

algorithm of Floyd Warshall is presented in Algorithm 3. 

1: Preprocessing (G, S) as matrix: 

2: Dist[S]:= 0 

3: For each Node or vertex (v) in Graph: 

4: for each edge (s,k) 

5: dist[s][k]←w(s, k)    (weight of path) 

6: for each vertex kdo 

7: dist[k][k] ← 0 

8: forxfrom 1 to |K| 

9: forufrom 1 to |K| 

10: forvfrom 1 to |K| 

11: ifdist[u][v] >dist[u][k] + dist[k][v]  

12: dist[u][v] ← dist[u][k] + dist[u][j] 

13: end 

Algorithm 3 Algorithm for Floyd –Warshall 

3.4. CH Algorithm 

Contraction Hierarchies (CH) is a speed-up technique to find 

the shortest path in a graph efficiently. The CH method 

exploits the graph for speeding up the traversing system. 

The CH routing algorithm avoids unimportant vertices and 

creates shortcut routes for vehicles [25]. The metric used in 

this algorithm is time travel which is used as the weight for 

path calculation on the road edges. The approach of CH 

consists of two phases: 

3.4.1. Pre-Processing Phase 

Consider that two large cities are connected through a 

network of roads (highway). The vehicle wants to reach from 

the source a to destination d. Throughout the highway, there 

are multiple junctions (edges) that lead to villages and small 

towns. The CH algorithm pre-processes the information of 

route calculation of all paths (vertices) that connect the two 

cities by traversing through all edges and vertices [26]. 

This information is stored in an additional edge which is 

called a shortcut edge. Now when the same highway is 

evaluating for traffic analysis again then pre-processing 

information that is already stored on the shortcut edge can be 

used which saves time during the path evaluation query. The 

working diagram is explained in Figure 3. 

 

Figure 3 Traversing in CH Algorithm 

The CH algorithm depends on the shortcut routes which is 

found during the pre-processing phase with fewer vertices as 

defined in the above diagram (shortcut path is represented 
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with dotted lines). There are two approaches for traversing the 

graph. 

The first one is bottom-up which does not know the order of 

the graph and selects the next node when the previous node is 

visited. Another approach is top-down which computes the 

node order in the graph before traversing starts. The 

computation time in the bottom-up approach is less as 

compared to the top-down approach.     

3.4.2. Query Phase 

In this phase, a bidirectional search is done starting from the 

source node to the destination. The original graph is a line [x, 

y, z, t, u, v]. To calculate the shortest path between x and t 

(Figure 4). The original distance is dist[x,y] 

+dis[y,z]+dis[z,t].Now the shortest path is the 

dist[x,y]+dist[y,t]. The path weights are calculated before 

choosing the path which includes fewer edges. The weight 

that is taken here is time travel and this information is stored 

at the end of each node. 

 

Figure 4 Node Order for Query Phase 

The algorithm for CH is depicted in Algorithm 4.  

1: Preprocessing (S, D): 

2: Dist[S]:= 0 

3: For each Node or vertex (x) in Graph: 

4: Calculate shortest path value f(v) 

5: Witness search for each pair {x, y}  

6: s (x): shortcut path value from starting node 

7: h (x) = The heuristic of the value of the node 

8: v: = vertex in Q with min dist[n] 

9: Pre-compute and store information on edge node 

10: Query for each neighbor x of y for shortcut path 

11:  path: = Dist[x] + Length (X,Y)  

12: if path <dist [Y]: 

13: update dist[y]:= path 

14:    else 

15:  previous[x]:= y 

16: return distance 

17: End 

Algorithm 4 Algorithm for CH 

4. SIMULATION AND RESULTS 

To simulate the routing protocols the Sumo Simulator is used. 

The Simulator is an open-source urban mobility simulator. 

The Python script is used for writing the code for simulation. 

The open street map Los Angeles is used with an area of 10 

square km. The diagram of the simulation of the Los Angeles 

map is shown in Figure 5. Figure 6 is showing the running 

status of vehicles in the streets of an urban city. The vehicle 

parameters are shown in Table 1. This includes the length of 

vehicles, its emission standards, maximum speed, and 

minimum gap between the vehicles, acceleration, and 

deceleration of the vehicles. 

 

Figure 5 Simulation Los Angeles Map of 10 km 

 

Figure 6 Los Angeles Map Simulation 
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Acceleration Deceleration Min gap Length of 

Vehicle 

Emission Class Max 

Speed 

2.60ms-2 4.50 ms-2 2.50m 5m HBEFA3/PC_G_ 

EU4 

55.31 

Km/hr 

Table 1 Parameters of Vehicle Used for Simulation 

 

Figure 7 Average Travel Time with CH Approaches 

 

Figure 8 Travel Distance with CH Approaches 

The comparative analysis of Dynamic A Star, Dynamic 

Dijkstra, Floyd Warshall, and CH routing algorithm is done 

based on the various attributes. The average travel time and an 

average travel distance of the CH algorithm are calculated 

based on the Top-down approach and bottom-up approach 

[See Figure 7 and Figure 8]. It has been found that the Top-

down approach is better optimized in terms of travel time and 

distance. This is due to the calculation of the path. The top-

down heuristics computes the whole node order of the graph 

before the contraction of the graph. This yields better results. 

The bottom-up heuristic does not compute the node order in 

advance, it selects the next node for contraction during 

traversing. 

 

Figure 9 Average Route Length Comparison of Algorithms 

The various routing algorithms are compared based on the 

parameters like route length, average travel time, average 

waiting time, and average speed of vehicles. Figure 9 shows 

the average route length covered by vehicles using various 

routing algorithms. The comparison of the vehicles for a 

distance of two to ten kilometers is considered. There is no 

significant difference in route covered by using routing 
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algorithms when the distance is small. As the travel distance 

is increased, it has been found that the CH algorithm covered 

less distance (route length) as compared to other algorithms. 

The route length becomes an important parameter especially 

in case of congestion when rerouting is needed for the 

vehicles. Figure 10 describes the average travel time 

comparison of vehicles. The travel time of the CH algorithm 

is less as compared to other algorithms. Figure 11 represents 

the average waiting time of different algorithms used for 

simulation. The A Star algorithm is found to be effective, as 

waiting time is less during the travel of the vehicles as 

compared to other algorithms. 

 

Figure 10 Average Travel Time Comparison of Algorithms 

 

Figure 11 Average Waiting Time Comparison of Algorithms 

Figure 12 represents the speed comparison of vehicles using 

four different routing algorithms. The speed of vehicles using 

the CH algorithm is found to be good as compared to other 

algorithms. The various statistics of routing algorithms 

according to trip length, route length, average waiting time, 

average travel time, and average travel speed of vehicles is 

described in Table 2, Table 3, and Table 4 for the four 

algorithms. 

 

Figure 12 Average Speed Comparison of Algorithms 

 

Parameters 

 
Algorithms 

 

Route 

Length in 

Meters 

Average 

Waiting Time 

in Minutes 

Average 

Travel Time 

in Minutes 

Dynamic 

Dijkstra 
2240 2.3 4.3 

Dynamic A 

Star 
2182 2 3.6 

Floyd 

Warshall 
2050 2.2 3 

 

CH 
2012 2.1 2.8 

Table 2 Statistics for Trip Length for 2 Kms 
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Parameters 

 
Algorithms 

 

Route 

Length in 

Meters 

Average 

Waiting Time 

in Minutes 

Average 

Travel Time 

in Minutes 

Dynamic 

Dijkstra 
12300 13.3 26.6 

Dynamic A-

star 
11076 12.1 24.5 

Floyd 

Warshall 
10800 12.9 23.3 

 

CH 
10300 12.2 21.2 

Table 3 Statistics for Trip Length for 10 Kms 

Table 4 Statistics for Average Speed for 10 Kms 

5. CONCLUSION 

In this manuscript, the evaluation of the four routing 

algorithms has been done using SUMO simulation. The 

performance of algorithms is evaluated based on the average 

route length covered, the average waiting time of vehicles, 

average speed of vehicles, and average travel time of vehicles 

using an open street map of Los Angeles of 10 KM area. The 

python script is used to implement the algorithms. The order 

of implementation of the routing algorithm is defined below: 

CH >FloydWarshall> Dynamic Astar>Dynamic Dijkstra. 

Contraction hierarchies’ results are found to be good in 

finding the shortest path, it reduces travel time and the 

average speed of the vehicle is also improved. CH algorithm 

is analyzed with top-down and bottom-up approaches. The 

performance of the top-down approach is found good as 

compared to the bottom-up approach in terms of finding the 

optimal pathfinding solution. This is due to the pre-

computation of the path in advance in the top-down approach. 

The average waiting time of CH is found to be little more than 

other algorithms. In the future, the work needs to be done to 

reduce the computational time of the algorithms so that quick 

decisions can be made for the traffic management system. 
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