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Abstract: 

The TMS based on the priority is evaluated by considering the assigned traffic and it assigns the 

vehicles with first priority for the ambulance. Here, the information concerning the traffic signaling is employed 

using the feature extraction technique and the green signaling is made. Besides, the hacking detection is also 

employed for the safe communication and to avoid the malicious that degrades the performance of the TMS. 

Thus, this research introduces an efficient emergency vehicle re-routing based on optimized machine learning. 
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Introduction: 

Due to the traffic congestion, if the emergency vehicle delays to go the accident zone by waiting in the 

traffic that leads to the loss of live. Hence, the emergency vehicle re-routing by the intelligent routing control is 

necessary for the smart traffic management. Thus, emergency vehicle re-routing is proposed in this research 

through optimal signal controlling. An optimization algorithm named Spadger Squeal optimization algorithm, in 

which the Spadger’s nature of food search and nature of Gampus in targeting the object are combined to 

upgrade the rate of convergence in obtaining the global best solution for maintaining the traffic by re-routing the 

emergency vehicle. Here, by considering the parameter of the traffic such as distance, velocity, acceleration, 

jitters, historic information, and priority, the artificial neural network (ANN) controls the traffic signal. The 

weights of the ANN are tuned using the proposed Spadger squeal optimization algorithm for the minimization 

of the loss associated with training. Then, the possible paths for re-routing are detected using the Dijkstra’s 

algorithm. For all the detected paths, the essential features are extracted by considering the buffer capacity, 

density of traffic, latency and path cost. Then, by considering the extracted attributes the optimal re-routing of 

the emergency vehicle is employed using the proposed Spadger squeal optimization algorithm, in which the 

multi-objective function is utilized for the optimal re-routing of emergency vehicle. 

Proposed Emergency Vehicle Routing Based On:  

 
Figure 1: Block diagram of proposed Emergency vehicle routing in traffic 
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The proposed emergency vehicle routing is employed by predicting the traffic in the network. The 

traffic prediction and the optimal switching , in which the machine learning based traffic signal controlling at 

the intersection is employed using the proposed Spadger Squeal based ANN. Here, the classifier, ANN is trained 

using the proposed optimization algorithm for the reduction of loss associated with the training. Then, the 

vehicles are re-routed by identifying the possible paths. Here, the possible shortest paths are identified using the 

Dijkstra’s shortest path algorithm. For the detected shortest path, the attributes such as the buffer capacity, 

density of traffic, latency and path cost are extracted for the more accurate routing. Finally, using the Spadger 

Squeal Optimization algorithm, the optimal route for the emergency vehicle is identified and re-routed to the 

destination with minimal waiting time in the traffic. The proposed Spadger squeal optimization is designed by 

hybridizing the characteristic behavior of the Spadger in foraging and the squealing behavior of the Grampus in 

the foraging to find the best solution to re-route the emergency vehicle optimally. The illustration of the 

proposed Spadger Squeal optimization based emergency vehicle re-routing is provided in Figure 1. 

Traffic Signal Controlling at intersection using Spadger Squeal based ANN: 

The traffic signal controlling at the intersection is employed using the proposed Spadger Squeal based 

ANN. Here, the proposed Spadger Squeal optimization is utilized for tuning the weights of the classifier ANN 

for procuring the elevated accuracy in signal controlling for the maintenance of traffic.  

System Model of ANN: 

The traffic signal controlling the intersection consists of four roads each with the two lanes, in which 

for the passage of emergency vehicle, the traffic signal controlling is employed using the Artificial Neural 

Network (ANN) [108]. The ANN obtains the input feature vectors such as distance, acceleration, jitter, priority, 

velocity and historic information, Thus, by obtaining the input, the traffic signal controlling is employed and the 

architecture is shown in Figure 2. The output of the classifier is either ON/OFF of the traffic signal. 

 
Figure 2: Architecture of ANN 

Proposed Spadger Squeal Optimization Algorithm: 

The proposed Spadger Squeal Optimization is arrived by collaborating the Spadger’s nature [109] in 

food search and nature of Gampus in targeting the object [110] to upgrade the rate of convergence in obtaining 

the global best solution for maintaining the traffic by re-routing the emergency vehicle. The foraging of the prey 

is similar to the attainment of optimum solution. 

Mathematical Modeling: 

The hypotheses considered by the proposed Spadger squeal optimization to formulate the algorithm 

are: 

 Hypothesis 1: The food locating Spader identifies the food location and it assists all the moochers to 

get food by showing the direction and food location. Thus, the responsibility of the food locator is to 

help the moochers. The energy among the spaders for the categorization is evaluated based on the 

fitness function. 

 Hypothesis 2: The Spadger at the periphery of the search space is responsible for detecting the 

predator, when it detects the predator, then it makes the alarming sound to move towards the safer 

location. Certain threshold is maintained, because the higher value indicates the movement towards the 

safer location. 
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 Hypothesis 3: The Spadgers those locate the food reserve is considered as the food locator and the 

others as moochers, but throughout the process some proportion of the Spadgers become unchanged in 

both the categories. 

 Hypothesis 4: The starved moochers with low energy move towards other locations in search of food 

for the attainment of high energy for survival. 

 Hypothesis 5: The moochers follow the food locator Spadgers to get the food and there are some 

moochers who watch the food locating Spadgers to elevate the rate of predation. 

 Hypothesis 6: The Spadgers at the borders move to the middle location for the safe positioning and the 

other Spadgers move close to each other. 

Spadger Locating:  
Initially, the Spadgers in the search space are located randomly and is enunciated as, 
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Where, u is the Spadger in the search space and the dimension is notated as v . 

Fitness:   

The optimal best solution for the traffic re-routing is evaluated based on the error function and is 

enunciated as, 
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refers to the targeted and obtained output, the fitness function is referred as fitF , and the 

total samples is referred as Q . The Spadgers with the highest value of fitness is considered as food locator, 

which guides the remaining group members to get food for enhancing the energy.  

Thus, based on the fitness, the position of the Spadgers are updated by considering the hypothesis 1 and 2 as, 
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Where, the Spadgers finds the attacker then they move towards the safer location, for which the position 

updation is employed by considering the condition Gw  , else the position updation is employed based on the 

condition Gw  , in which w refers to the alarming sound of the Spadger and is the threshold value 

corresponding to the safety value. The matrix Y has the dimension ]1[ v  and the normally distributed random 

number is depicted as X . The iteration is notated as i and its maximal value is notated as maxi . The random 

number in the range ]1,0[ is notated as and the position of the 
thr Spadger in 

ths location is notated as srB , . 

The moochers watches the food locating Spadger and competes with them to obtain the food and its position is 

updated using equation () by considering the hypothesis 5. 
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Where, the food locator’s optimal position is notated as 
1i

EB and the solution evaluated as worst is notated as 

i

badB . The function 
F is expressed as,   1  TT FFFF . The position of the moocher under the starvation 

condition is evaluated by considering the condition 2/ur  . Here, the moochers position can be enhanced by 

incorporating the squealing behavior of the Gampus to enhance the position and to avoid the starving situation. 

The position updation of the Gampus based on the squealing behavior is represented as, 
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Where, the search space dimension is notated as v , the position of the Gampus is assumed same as the position 

of the moocher and is refereed as 
i

srB ,  at iteration i . Here, the dimension of the search space of the Gampus is 

referred as, 

   i

sr

i

sr

i

Good

i

sr

i

sr BUPBBPvv ,,,

1

, 21 
    (6) 

where, the best position acquired by the Gampus based on the squealing behavior is referred as 
i

GoodB and the 

global best position acquired by the Gampus is notated asU . 

Thus, the proposed Spadger Squeal Optimization by collaborating the Spadger’s nature in food search 

and nature of Gampus in targeting the object to upgrade the rate of convergence in obtaining the global best 

solution as per the rule [111] is formulated as, 
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Thus, the position updation of the moocher by incorporating the squealing behavior of the Gampus 

helps to avoid the death of the moochers from starvation, thus the population can be maintained balanced 

throughout the process. Besides, the food capturing behavior of the Gampus through its squealing behavior 

helps to obtain the location of the food in a speedy manner that ensures the fast convergence rate. Thus 

attainment of global best solution of the Gampus )(U in the search space helps to obtain the global best solution 

of the proposed algorithm. Here, by balancing the exploration and the exploitation phases, the global best 

solution is obtained. 

Then on the hypothesis 6, the Spaders in the borders are in danger and have the awareness probability 

to escape and the position is updated as, 
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Where, the Spadger at the border updates the position by considering the criteria kr mm  , and the Spadger at 

the danger has to move towards the other members and its position is updated by considering the criteria 

kr mm  . The fitness evaluated by the Spadger at the current iteration is denoted as rm , in which the best 

position and the worst position are notated as km and nm  respectively. Besides, I is the random number that 

varies among ]1,1[ . The best and worst solution are notated as 
i

GoodB and 
i

badB . The zero-division-error is 

reduced by including the constant  . 

Stopping Criteria:  

When the Spadger Squeal optimization algorithm accomplishes the global best solution or the maximal 

iteration the processing will be stopped. The pseudo-code for the proposed Spadger Squeal optimization 

algorithm is presented in algorithm 1 given below. 

Algorithm 1: Pseudo-code of the proposed Spadger Squeal optimization algorithm 

Pseudo-code of proposed Spadger Squeal optimization algorithm 

1 Input: The parameters uwGi ,,,max  

2 Output: Goodk Bm ,  

3 While ( )( maxii   

4 The best and worst solution detection using the fitness claculation 

5 For 1r  

6 By equation (4.3) update the food locator’s position 

7 By equation (4.8) update the food moocher’s position 

8 By equation (4.9) update the food Spadger’s position 
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9 End for 

10 New position updation 

11 1  

12 End while 

13 end 

Path Detection: 

The possible shortest path for the vehicle in emergency is detected using the Dijkstra’s shortest path 

algorithm [112]. Let us consider the traffic signal controllers as the nodes for identifying the possible paths for 

the vehicles in the VANET to move towards the destination with minimal delay. In this, the graph theory is 

utilized to find the path using three different stages such as initialization, verification of distance and selection 

of the next point. The network utilized for the detection of the shortest path is depicted in Figure 4.2. Let us 

consider the vehicle in the intersection 3 (IS-3) belongs to the traffic signal controller (TSC-c) needs to identify 

the path to the hospital in the IS-2 corresponding to the TSC-q. The possible path detection starts from the 

initialization stage and ends with the detection of all possible paths.  

 Step 1: Initialization: At the initialization stage, the shortest point ca is considered as zero and the 

corresponding length cb  is also considered as null. Then, the path length corresponding to the 

remaining nodes is assigned as pa and cbp  . Mark the point of origin as C and the remaining 

marked node as cd  and the others as unmarked. 

 Step 2: Distance Verification: For the marked nodes D , verify the distance corresponding to the 

unmarked node Q  and assign,  

},min{ dqdqq distaaa 
 

Where, the distance from the node d to q  corresponding to the direct connection is referred as dqdist  

and the shortest path corresponding to the unlabelled node q is referred as qa . 

 Step 3: Choosing Next point: The smallest among the labeled node is chosen as the next node and is 

denoted as pp aa min  and mention it as marked.  

 Step 4: Identification of Previous point: Here, the previous point is assigned as 'qp  , in which the 'q  

is directly connected to p , by this way the identification is made. 

 Step 5: Termination: If all the nodes marked then the shortest path is identified, else repeat from 

distance verification stage. 

 
Figure 3: Network structure to find the shortest path 

Thus, the possible shortest path for all the vehicles in the intersection of the traffic signaling is 

identified for routing the vehicles to the re-routing with minimal traffic. Thus, for all the detected path based on 

the Dijkstra’s algorithm, the essential features are taken out to perform the optimal routing for the traffic 

management. 
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Optimal Vehicle Re-routing using Spadger Squeal Optimization: 

The optimal emergency vehicle re-routing through the identified shortest path by considering the 

attributes such as cost of path, latency, traffic density and buffer capacity are employed using the proposed 

Spadger squeal optimization algorithm. The vehicle re-routing at the intersection is employed by the proposed 

optimization algorithm. For this, let us assume there are 10 paths in the VANET and they are controlled 

optimally through the objection function expressed in the equation (4.13) and the solution encoding is depicted 

in Figure 4.3 respectively. Let, the solution’s dimension may be referred as [1x10] with v solution. From this v
solution, the optimal solution for vehicle re-routing is evaluated using the proposed Spadger squeal optimization 

algorithm.  

][4][3][2][1 cos densitytrafficlatencytcapacitybuffer AnAnAnAnOF      (10) 

where, OF  refers to the objective function, and 65,4,3,2,1 nandnnnnn  are the constant, in which

14321  nnnn . 

1P  2P  3P  …… …… 10P  

Figure 4: Solution Encoding 

Thus, by using the proposed Spadger squeal optimization algorithm by considering the multi-objective 

function an efficient emergency vehicle re-routing is employed by managing the traffic. 

Performance Analysis: 

The performance of the proposed emergency vehicle re-routing by controlling the traffic signal is 

assessed based on the experimental and performance analysis. The performance parameters utilized by the 

proposed method are: 

Throughput:  

The throughput indicates the total vehicles coming in and out of the network within the particular time. 

QMA: At the time t , the quadratic mean of acceleration of the proposed method is represented as, 
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Where, at the time  , the total vehicles is referred as, )(vehicleT . 

SDTT: The standard deviation of travel time index (SDTT) of the proposed Spadger Squeal-based ANN is 

represented as, 

)(TTISDSDTT         (12) 

Where, 
totT ,  refers to the standard deviation of total travel time,

 
totft ,  refers to the flow travel time, and 
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T

t
TTI tot

,

,
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Performance Analysis: 

The performance analysis of the proposed emergency vehicle re-routing by considering the proposed 

Spadger squeal based ANN is employed by varying the number of vehicles in the lane and are detailed here. 

Figure 5 represents the Jitter estimation. The Jitter acquired at one vehicle is 0.3067, 0.2898, 0.2562, 0.3741, 

and 0.2562 respectively by the proposed Spadger Squeal based ANN corresponding to 20, 40, 60, 80 and 100 

iterations , which is 0.6420, 0.6347, 0.6101, 0.6812, and 0.6101 for 200 vehicles. 

 
Figure 5: Analysis using Jitter with 200 vehicles 
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Figure 6 represents the SDTT estimation. The SDTT acquired with one vehicle is 30.3819, 18.7500, 

36.7188, 35.6771, and 18.7500 respectively by the proposed Spadger Squeal based ANN corresponding to 20, 

40, 60, 80 and 100 iterations , which 15.2778, 5.2083, 27.0833, 13.5417, and 5.2083 for 200 vehicles. 

 
Figure 6: Analysis using SDTT with 200 vehicles 

Summary: 

The proposed Spadger Squeal based ANN for the traffic signal controlling and the emergency vehicle 

re-routing is devised for the efficient traffic management. The traffic signal controlling employed using the 

proposed Spadger Squeal optimization provides the accurate optimal traffic signaling at the intersection. Then 

by considering the parameters like cost of path, latency, traffic density, and buffer capacity the optimal vehicle 

re-routing is employed using the proposed optimization algorithm. Thus, from the analysis, the proposed method 

obtained better performance by using the proposed Spadger Squeal Optimization algorithm with the balanced 

exploration and exploitation phase with fast convergence rate. 
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