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Abstract— The paper proposes a multi agent system for the 

urban undisciplined traffic. The paper explains two systems: one 

is Intelligent Traffic Light Controller System and other is 

Intelligent Traffic Deviation System. The light control system 

measures the traffic parameters such as vehicle counting, vehicle 

classification, vehicle speed and vehicle length to reduce the 

traffic queue size. The traffic deviation system helps in deviating 

the vehicles before the traffic congestion occurs. This framework 

makes use of intelligent vehicle measurement and traffic light 

control system which serves as the input for traffic deviation 

system.  Euler’s path approach is used for converting any 

traditional city map to planar graph for route pattern 

identification. Validation is done using the Nagle- Schreckenberg 

model. The performance of the system when compared with the 

existing systems is found to be satisfactory in terms of cost, time, 

maintenance, expense and performance. 

 
Keywords— Deviation System,  Intelligent Systems, Multi-

agent System, Traffic Light Controller. 

 

I. INTRODUCTION 

 The advancement in Intelligent System and Computing has 

led to a lot of innovations in engineering, medical and traffic 

applications. Intelligent systems make use of computational 

intelligence, neural networks, evolutionary computing, fuzzy 

systems, ambient intelligence, cognitive science, perception 

and recommended systems for solving critical problems in 

computational domain. The impact of intelligent system in 

traffic management is on the rise and many intelligent based 

traffic solutions are received.  

     Several mechanisms are available for reducing the traffic 

congestion like fixed time controller [10], supervisor agent 

system for urban traffic monitoring [9], policy based multi 

agent system [7], intelligent cross road management system 
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[5] and classification based on speed and length parameters [3, 

4]. But most of the proposals are developed for single loop 

detector system. While promoting a single loop detector 

system to dual loop, it becomes complex because of the heavy 

traffic flow operation which results in an expensive cost.

 Subsequently, wireless magnetic sensor [3] will be a good 

solution for this issue. Wireless Magnetic sensor is a common 

type of sensor used for speed, linear angle and position 

measurements in automotive, industrial and customer 

applications. The availability of several intelligent solutions 

for Traffic management hasn’t reduced the exponential growth 

of traffic issues prevailing in current undisciplined traffic 

scenarios.  

 The paper proposes a framework for vehicle measurement 

and traffic light control for heavy traffic in any Metropolitan 

city. The vehicles can be measured by various traffic 

parameters such as vehicle counting, vehicle classification, 

vehicle speed measurements and probability of the traffic 

arriving effectively. This Intelligent Traffic Deviation System 

is used to deviate the vehicles, and in increasing traffic fluency 

and to normalize traffic by deviating the vehicles. 

II. RELATED WORK 

 Based on national Electrical Manufactures Association 

there are two different types of controllers available. They are: 

fixed controller and traffic response controller. Most of the 

models, algorithms and schemas available are to avoid traffic 

problems based upon fixed cyclic time controller and in [1] 

they altered that fixed type controller approach. The fixed 

cyclic time controller has been programmed to operate for a 

fixed time for each and every cycle. This approach acts 

similarly for different type of traffic scenarios like heavy 

undisciplined and accepted traffic. Many research algorithms 

already exist to avoid the fixed cyclic controller system. 

Therefore there is a need for an Intelligent System to adopt the 

real time systems. But   traffic issues will not be solved by 

targeting any single issue. Many issues will be created based 

on different parameters. So, we have to concentrate on all the 

parameters to solve those issues.                                        

The most important factor in the traffic system is the speed 

and length of the vehicle. In [2] explained a scheme based on 

the estimation of length of the vehicle by its speed. It is 

analyzed the weakness of Mean Effective Vehicle Length 
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(MEVL) and introduced Typical Effective Vehicle Length 

(TEVL). This method provides an excellent solution for the 

single loop detector. Hence, this paper proposes calculating 

the vehicle length based on the velocity of the vehicle. In [3], 

a vehicle classification approach was proposed based on the 

hill pattern of magnetic signatures from a single magnetic 

sensor, which is used to measure the earth’s magnetic field 

(mag(z)) in both the vertical direction and to the direction of 

vehicles, each sampled at 64 times per second. After 

processing, they deduce two information, both the larger and 

smaller values are compared with the threshold values. They 

then classify the vehicles into 7 types. But this approach is not 

efficient and reliable as only 63% has been classified 

correctly. 

 A classification approach based on magnetic length is 

proposed in [4]. It classified the vehicles into 4 classes and it 

overcomes the above disadvantage. Using magnetic length, it 

is possible to measure the length of the vehicle. They then 

compared the class I and II vehicles with the class III and class 

IV vehicles, because of difference in length. Since, the class I 

and class II vehicles are same in length in the same way class 

III and class IV vehicles are same in length, this methodology 

is used in this paper to classify the vehicles. In [5] paper, they 

calculated the total traffic weight based on the priority and 

sum of the sensor placed in each road. And, they provided a 

solution as integrated intelligent system. But, this system has 

controlled the light control system based on the relative weight 

of the vehicles. So, our proposal is about calculating the total 

traffic weight based on its relative weight, length of the 

vehicle and speed of the vehicle to improve the efficiency of 

the system. 

III. INTELLIGENT TRAFFIC SYSTEM  

 This section describes the intelligent traffic light control 

approach, intelligent traffic deviation system and includes 

vehicle detection and counting, vehicle classification, 

calculation of the speed of the vehicle and length of the 

vehicle. This will be a better and effective approach to face the 

traffic issues. In [9] a supervisor agent system provides a 

solution as intelligent agent system. But, it is not efficient 

because two agents have to monitor the whole process. One 

agent is controller and other agent is supervisor. In [7] they 

introduced a multi agent system to overcome the above issues 

.There is also a need for a safe and secure system. Our 

approach is a multi agent system. 

     In this hierarchical approach, an agent is assigned for 

every activity such as data collection, data processing, and a 

secret supervisor agent it has been tiered in an order.  The data 

collector agent has to do the vehicle counting and 

classification. Data processor agent must do the estimation of 

length, speed and probability of relative weight of the vehicle. 

And finally a secret supervisor agent has to control the light 

based on the data processed. But this is not a complete 

solution to avoid the traffic congestion problems; it will be 

used to reduce the traffic congestion. Therefore, we are 

introducing another approach called deviation approach.  

 
     Figure 1. Detailed Architecture for Intelligent Traffic System 

A. Components of the proposed framework 

In this segment, the components of the proposed model and 

its functionalities and quality are explained. 

1. Sensors 

In this paper, wireless magnetic sensor is preferred for the 

traffic sensor based on its flexibility, lower installation and 

maintenance costs, and reliability inductive loop detector 

systems. There are four sensors used here (S0, S1, S2, S3). 

Each and every sensor is distributed appropriately prior to the 

traffic, where one sensor will be directed towards the traffic 

lights. The distances between the sensors and sensors location 

must be decided by the traffic administration for traffic areas. 

Another one sensor will be placed in the deviation signal 

system to receive the signal. 

2. Data collector Agent 

Data collector is a kind of component in the proposed traffic 

system, which is part of the system. In the multi agent 

approach this agent acts as first agent. The data collector agent 

has to analyze the data collected by the sensors i.e. vehicle 

counting and vehicle classification.  

3. Data processor Agent 

Data Processor acts as a kind of component in the proposed 

traffic system, which is the part of the system. It acts as a 

second agent in the traffic system. It has to manipulate the 

vehicle length, vehicle speed and relative weight of traffic. 

Data processor has to manipulate the traffic data and give the 

input to the Intelligent Traffic Light Controller. Here the data 

collector agent and data processor agent can do their task 

independently. Both are independent of each other. 

4. Intelligent Traffic Light Controller 

Here, the secret supervisor agent will act as controller, for 

traffic security purposes, to overcome the traffic hijack 

problem, jamming roads, rerouting the cars, etc..,. It will 

control the Traffic Light System with traffic administration 

needed functions and features. It will reduce the traffic system 

problem but not completely. Therefore we need to prevent 

traffic congestion before it occurs. So, it is an easy and 

simplest way is route deviation. This system Intelligent Traffic 

Light Controller system must have the threshold value for the 

traffic road areas, and if the threshold value exists then it 

sends a signal to deviation system. 
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5. Intelligent Traffic Deviation System 

This system will be active whenever it is needed. If the 

traffic congestion problem going to occur then deviating 

signal will be sent to the deviation system through the wireless 

communication signal. The Intelligent traffic Deviation 

System will have another sensor, which will receive the 

deviating signal form the Intelligent traffic Light Control 

System. If it receives any deviation signal immediately it will 

not allow the vehicle to travel on the same road. 

B. Vehicle Detection and Counting 

  

Wireless magnetic sensor is a substitute for an inductive 

loops and it has enhanced measurement capability. Wireless 

magnetic sensors provide more flexibility, lower installation 

and maintenance costs, and reliable inductive loop detector 

systems. So, wireless magnetic sensor will be more useful for 

detecting the vehicles, counting the vehicles and for 

communication between the sensor plates. 

As mentioned above, counting the number of vehicles 

arriving on the road side is a random process. According to the 

mathematical approach, if the number of random variables is a 

positive integer, then number of vehicles arriving in a given 

interval is also a positive integer. Poisson distribution is used 

to find the number of vehicles arriving in an interval of time T 

(where, t1, t2...). The probability density function of a Poisson 

distribution is: 

 

              𝑝(𝑘) = 𝜆𝑘𝑒−𝜆/𝑘!  
 

Where, 

      k indicates the vehicles, 

      P(k) is the probability for the event k, 

         λ is the expected rate of vehicles. 

 

This will be calculated for every time period (T), where   

T=t1, t2, t3…. 

If k=0, then p (k=0) =e^ (-λ), 

 

If k=1, then p (k=1) =λe^ (-λ)/1, 

 

If k=n, then p (k=n) = (λ/n).p (k=n-1). 

 

Assume, the flow rate (λ),  

λ =240vehicles/h=240/60=4vehicles/mints.  

Then the probability of vehicles is represented in Table1, 

where N indicates the number of vehicles traveled for an hour. 

 

 

 

 

 

 

    

   

   Figure 2. Probability of Vehicles 

The Figure 2 Shows the probability of vehicles arrival, where 

X-axis indicates the Number of Vehicles and Y-axis indicates 

the probability of the Vehicles. 

C. Vehicle Classification 

 Vehicle classification plays a vital role in the traffic 

management applications like road design, maintenance and 

management, multimode traffic model development, traffic 

signal design, traffic light control system etc. 

Estimation of vehicle classification helps us find out the 

volume of vehicle on each side. Individual vehicle 

classification needs exact measurement. 

  In our proposal, the vehicles are classified into 9 classes 

based on the FHWA highway classifications using wireless 

magnetic sensor. 

 TABLE II classifies the vehicles into classes. For analysis 

basis, it provides a better solution for traffic issues. 

 

 

 

 

 

 

 

 

TABLE I 

PROBABILITY OF VEHICLES 

N 
   

0  0.01832 1.09896 

1  0.07326 4.3956 

2  0.14652 8.7917 

3  0.19538 11.722 

4  0.19538 11.722 

5  0.15629 9.378 

6  0.10420 6.252 

7  0.05954 3.564 

8  0.02977 1.7863 

9  0.01323 0.7939 

10  0.00529 0.3176 
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        TABLE II 

           Classification of Vehicles 

 

 

 

 

 

 

 

 

 

 

 

 

 

D. Estimating Vehicle length based on its velocity 

 Length of the vehicle is a vital parameter in the traffic 

flow conditions. It helps us to find the length of the vehicle to 

avoid the congestion problems because of Length. It is a 

central research in Intelligent Transportation System (ITS).  

 In [3], they measured the length of the vehicle only 

during the red cycle and green cycle in the same period. But it 

is not efficient to calculate the length of the vehicle only at the 

same period. In this paper, the length of the vehicle can be 

calculated by its velocity; hence the arrival rate of vehicle is a 

random process, so the velocity of the vehicle cannot be 

calculated randomly because it increases the cost. The vehicle 

must be calculated for certain time period but not in fixed time 

period, it must vary according the traffic flow which will be 

valuable on cost basis and system effectiveness. When the 

traffic flow increases it must calculate the velocity for nearby 

time period which increases the accuracy and reduces the 

delays.  Hence, this paper proposes calculating the vehicle 

length based on the velocity of the vehicle by using wireless 

magnetic sensor. 

Here,  

           𝑡 = ∆𝑇𝐹𝑖𝑛𝑎𝑙 − ∆𝑇𝐼𝑛𝑖𝑡𝑖𝑎𝑙 

The velocity of the vehicle can be calculated by, 

    𝑣
𝑎𝑣𝑔=

(∆𝐷𝐹𝑖𝑛𝑎𝑙−∆𝐷𝐼𝑛𝑖𝑡𝑖𝑎𝑙)

𝑡

 

Where, 

𝑣𝑎𝑣𝑔    Average Velocity 

∆𝐷𝐹𝑖𝑛𝑎𝑙 Destination Distance 

∆𝐷𝐼𝑛𝑖𝑡𝑖𝑎𝑙   Initial Distance 

∆𝑇𝐹𝑖𝑛𝑎𝑙 The time to reach the destination 

∆𝑇𝐼𝑛𝑖𝑡𝑖𝑎𝑙 The time start from initial stage 

t  Time period value (i.e., t value will be vary according to 

the traffic flow) 

Here, the length of the vehicle can be calculated by, 

                   L=T*v         

 

 

 

Where, 

         L Length of the vehicle (L=∑ 𝑙𝑖
3
𝑖=0 ), 

         T Time interval (T=t1+ t2+ t3+…), 

         Vvelocity of the vehicle (measured in 

milliseconds). 

If length of the vehicle is known, it is easy to calculate the 

speed of the vehicle. The speed of the vehicle can be 

calculated by, 

                       s=N/L 

Where,  

              s  speed of the vehicle, 

                 NNumber of vehicles, 

              L Length of the vehicles. 

E. Vehicle Measurement and Light Control System 

 In [5], the final Total Weight is calculated by the 

summation of sensors placed in three sides of each road in 

addition to the relative weight of the vehicles on road. This 

approach is good if every vehicle is arriving at the same speed 

and same length. Unfortunately, traffic flow is a random 

process where vehicles also will arrive randomly. So, it is 

required to calculate using some traffic parameters. 

     The Traffic Data Collectors collect the Traffic 

information and it will be stored. The Traffic Light Controller 

agent acts as a secret supervisor agent to control the traffic 

light signal using the traffic data which has been transferred to 

the secret supervisor agent. Data processor will then process 

the data and make it as an input to the TLC controller agent.  

     Finally, the Intelligent Light Control System can be 

achieved effectively by calculating the Total Average Weight, 

the length of the vehicle and speed of the vehicle along with 

its summation of the sensors and probability of the relative 

weight of the vehicles on each road as: 

𝑇𝐴𝑊(𝑅𝑗)
𝑗=1→4

=  ∑ 𝑆𝑖 + 𝑃𝑗 + 𝑠𝑗 + 𝐿𝑗

3

𝑖=0

 

 

Where, 

   TAW (Rj)  Total Average Weight of the traffic for all 

four side roads (where j=1->4), 

             Si    Sensor placed in the road side (where three 

sensor on one side), 

             Pj  Probability of the relative weight of the 

traffic (where j=1->4), 

             Sj    vehicle speed (where j=1->4), 

             Lj    vehicle Length (where j=1->4). 

F. Intelligent Traffic Deviation System 

 After the processing of Intelligent Traffic Light Control 

System, the traffic issues will reduce but not completely. The 

traffic issues will not be solved but can be prevented by using 

Intelligent traffic Deviation System. 

Intelligent Traffic Deviation System deviates the traffic into 

some other routes to prevent the traffic congestion problems 

before it occurs. This system plays a vital role in the traffic 

system to avoid the traffic issues. This system will be 

applicable for some set of geographical areas. Therefore we 

can use this model, mainly outside of the city or high traffic 

Class 
 

Vehicles 

1  Two wheelers 

2  Passenger Vehicles, SUV 

3  Four tire Vehicles 

4  School bus and other bus 

5  Six tire vehicles 

6  Other Single Axle Units 

7  Other  Multi Axle Units 

8  Other Single Trailers 

9  Other Multi-trailers 
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issue areas to avoid the traffic congestion before the vehicles 

are entering into the traffic. Through this we can completely 

prevent the traffic congestion problems. 

 
              Figure 3. Sample Route Map 

In the above figure3, border route of Chennai has taken as 

sample route. Violet color represents the route to reach 

Chennai and the red color represents the deviation route. The 

above route is a simple example for deviating the vehicle. 

Hence, this intelligent traffic deviation system can be used in 

specific areas which have deviating route ability. Now a day, 

it is not possible to construct many roads to avoid traffic 

problems, but vehicles can be deviated to avoid traffic 

congestion problems. 

 A vehicle takes t1 time to reach B from A (where, distance 

from A to B is x). When there is traffic congestion then the 

travel time will be increased, t1+µ time to reach B (where, µ 

will be the delayed time).  Traffic congestion is unavoidable. 

Therefore deviation of vehicles will be a better solution to 

avoid the traffic congestion problems. Here, deviating the 

vehicles takes t2 time to reach B form A (where this vehicle is 

deviated from a deviating signal). The deviation route takes a 

longer distance to reach the destination but it increases the 

speed of the vehicle to reach the destination quickly. 

G. Map to Graph Conversion 

The Euler fascinating discovery will make graph using six 

color theorem possible. First, let us consider the graphs and 

convert it to number of vertices and edges by mathematical 

jaunt. 

In [8], “Euler has proved in a different manner, where In 

[8], “Euler has proved in a different manner, where number 

of vertices minus the number of edges plus the number of faces 

of a polyhedron is always equal to two”. 

    In [8], “Any planar graph has Euler characteristic equal to 

2”. 

    𝑋 = 𝑉 − 𝐸 + 𝐹 

Where, 

  V vertices of the map 

  E Edges of the map 

  FFaces of the map 

              If a graph has a single vertex, then the value of X 

equal to 2 (V-E+F=1-0+1). So, attach additional vertices to 

each edge for each vertex, and then it always remains 2. 

 

 

     
                  Figure 5. Converted graph form Map 

 Figure 5 shows the Chennai map conversion to graph with 

the help of six color theorem. Six places are pointed as six 

color nodes; every node is connected with the Chennai root 

node. This figure shows that different routes are entering into 

the Chennai city. Before the city limit starts the population of 

the vehicles is calculated, then deviated to different routes 

inside the city. 

IV. VALIDATION AND PROOF 

 This proposed system has been evaluated based on various 

types of issues such as the amount of time taken by a vehicle 

stand in traffic queue, wastage of fuel and wastage of time. If 

we apply this traffic deviation system it helps us to reduce the 

traffic queue, wastage of fuel and time. The Figure 6 explains 

the performance evaluation of the available related systems. 

The systems are compared in terms of cost, the system by 

cheung et al., making use of a single magnetic sensor [3] and 

it has 63 per cent result which reduces the traffic cost. Next 

Taghvaeeyan et al., [4] has achieved 95 per cent making use of 

sensing system and coifman et al., [22] has achieved 85 per 

cent in calculating the individual vehicle lengths. Based on the 

prior works, everyone has solved the issues only for the sole 

parameters but this paper integrates all the parameters and 

provide solutions for traffic problems. The proposed system 

had been tested using the Netlogo [24], taking into the real of 

Chennai traffic flow dataset [23]. The system contains two 

solutions traffic system, one is traffic light control system and 

the other is traffic deviation system. So, the challenge of the 

system is if any over detection occurs in the light control 

system that can be solved using traffic deviation system. 

Accodring to [25], the test statistic used by the proposition is 

given by Z-test calculation: 

                                    𝐙  =
𝐝

𝐒𝐝

√𝐧
 

 

 

 

 

      Figure 4. Assumption of Traffic System 
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              Figure 6. Performance evaluation of the System 

 Figure 6 explains the performance evaluation of the system 

with the existing systems. In that cost, time, performance, 

expense and maintenance of the system are taken as a key 

factor and compared with the other proposed approach. The 

cost factor   analyzes the average waiting time and time delay, 

the time taken by the person to stand in a traffic queue, the 

overall performance of the system, the expense of the system 

and the maintenance of the system. As specified in [26], the 

magnetic wireless sensor has some limitation in a signal 

processing like facing noisy situation. 

 

 Poisson distribution helps us to find the vehicle count 

within a time interval and can be validated using the Nagel–

Schreckenberg model, which is a theoretical model for the 

freeway traffic. This model is applicable only to the traffic 

congestion emerging without any external influences. Many 

researchers have developed the algorithm for a particular 

factor like vehicle classification, vehicle length, speed of the 

vehicle etc. which are deficient in traffic system. This paper 

combines several other factors like vehicle classification, 

vehicle length and speed of the vehicle to make the system 

work more efficiently. And a new deviation approach is 

introduced to prevent the traffic congestion completely. 

 

 Figure7 shows the Traffic density of the system before 

deviation. Hence, the values of Average Velocity of the 

Vehicles are assumptions taken under the normal calculation 

of the traffic flow. 

 

 

 
                Figure 7. Traffic Density before Deviation 

 
                    Figure 8. Traffic Density after Deviation 

In the above given Fig8 shows the traffic density of the 

system after deviation. The values are calculated same as the 

above assumptions. This graph shows us that after deviating 

the vehicles the traffic density is start to reduce at the flow 

rate. These graphs are drawn based on the analysis of the 

traffic system. 

 

V. CONCLUSION 

This paper presents an effective Intelligent Traffic System 

which helps to reduce the traffic congestion problem based on 

various traffic parameters. The system will reduce the traffic 

queue size and make a new deviation routes to avoid traffic 

congestion. The proposed system studies and measures the 

traffic a few kilometers ahead of the place of congestion, 

leading to avoidance of congestion to the minimum, 

eventually avoiding traffic jam. The Euler’s path method for 

converting map to graph has been tested on different city 

graph and their results are found to be satisfactory. Finally the 

overall framework is statistically proven to be better than the 

related traffic congestion models. 
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