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Abstract: -Use o f automobiles is increasing throughout the world, particularly in large urban areas. There has been the
problem of traffic congestion with the increase in the number of vehicles in cities. Thus, there is a requirement for smart
traffic control methods for better accommodating the increasing demand. Therefore, the transportation system will
continue to grow, and intelligent traffic controls have to be developed to face the road traffic problems. In this paper a
comparison has been drawn for Neuro-Fuzzy (NF) based smart traffic control system and fuzzy logic based smart traffic
control system. An adaptive neuro-fuzzy inference system is developed and tested against various traffic situations. Here
we have trained the Adaptive Neuro-Fuzzy Inference System (ANFIS) system by various traffic situations so that ANFIS
can draw the membership functions and corresponding rules by its own. Inputs which are generally used are Gap between
two vehicles, last time vehicles that haven’t passed during last green phase, d elay at intersections, vehicle density, arrival
rate, leaving rate and queue length. Arrival rate of the particular phase and last time vehicles that haven’t passed during
last green phase are taken as inputs to the system by the considering the practical applicability. Output of both the system
are compared in terms of the average waiting time of the vehicles. ANFIS based traffic control system has been found
more efficient as the average delay of the vehicle and the waiting time of the vehicles at the int ersection have been
reduced.
Keywords: -Tra ffic congestion; Neuro-Fuzzy (NF); ANFIS; Green Phase; In flow rate; Last time vehicles
I. INTRODUCTION
The increase in urban traffic demand necessitates suitable approaches to manage traffic flo w. Traffic lights are the most
common approach to manage traffic flows on various types of intersections. Carefully co -ordinated signal timings can
ensure smooth flow of traffic. Road traffic management is one of the main hurdles for almost all country which is in
developing state. Due to urbanizat ion the traffic problem is increasing year by year. Due to this congestion of traffic is also
increasing. So me of the major harmful effects of high traffic congestion are: Increases in fuel consumption, Green house
effect, creates environ mental and health hazards.
A study of State road transport corporations of India shows that india is wasting a large amount of money and time due
to traffic congestion every year. Developing country like india needs a better road traffic management and controlling of
road traffic systems. So, it is very necessary to identify and thoroughly study the problem of traffic congestion, affordable
and applicable fields of Intelligent Transportation System (ITS) technologies in the context of existing traffic condition
and transportation system.
Although some different method of traffic control has been proposed and imp lemented by the passage of time. But
none of them are efficient in terms of reducing the fluctuating traffic congestion. Recently in india some projects such as
making flyover bridges, underpass, bullet train and metro rail had been taken to reduce the traffic Congestion problem. But
these are costly and also time consuming projects. So we must develop an alternative way to solve this traffic congestion
as quick as possible. One of the best alternative way could be applying the Adaptive Neuro -Fuzzy System (ANFIS) to our
traffic controller which will be able to take real t ime data as inputs and based on the present traffic condition take
intelligent decision.
In this paper an Adaptive Neuro-Fuzzy inference system (A NFIS) has been developed which can adapt itself with the
changing inputs of traffic data. ANFIS has the advantage of both NeuralNetwork (NN) and Fuzzy systems. Here objective
of ANFIS is to integrate the best features of Fuzzy Systems and Neural Net works. Fro m Fuzzy Systems it takes ability of
representation of prior knowledge into a set of constraints to reduce the optimizat ion search space. And from Neural
Networks it takes the ability of adaptation of back propagation to structured network to automate Fu zzy Control parametric
tuning.
Trained ANFIS can draw the membership functions by its own and accordingly modify the rules associated with it.
Trial and error method is used for training purpose in Fuzzy Logic wh ich is a lengthy process and the output of the system
is not accurate. But in Adaptive Neuro-Fuzzy inference system (ANFIS) train ing is done by Neural Netwo rk (NN) which
uses less number of iteration than Fuzzy Logic.
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II. FUZZY S YS TEM
Fuzzy controllers are being used in various control schemes. Following figure shows the basic build ing block diagram
of a Fu zzy Logic Controller. In this block diagram there is major four b locks namely: fu zzificzt ion; Fuzzy decision making
(Inference engine); knowledge base and defuzzification.
In fuzzy control input appilied to the fu zzificat ion block..Fu zzificat ion process converts the crisp value of inputs into
the fuzzy value. After fuzzification fuzzy decision making block performs the necessary action based on the rule base and
the membership functions. Membership functions are used to retranslate the fuzzy outputinto a crisp value. This method is
known as Defuzzification. The fuzzy inference evaluates the control rules stored in thefuzzy rule base. Defuzzificat ion is a
process to convert the fuzzyoutput values of a fuzzy inference to real crisp values. In this system we obtain the intended
output as the extension green time after defu zzification which is added to the particular phase based on the current traffic
situations.

Figure. Bu ild ing block diagram of a Fuzzy Logic Controller
III. ARCHITECTUR E OF ANFIS (ADAPTIVE-NEURO-FUZZ Y INFERENCE S YS TEM)
Adaptive Neuro-Fuzzy Inference System (ANFIS) is one of the most successful and powerful schemes which combine
the advantages of neural network and fuzzy system. An ANFIS works by applying neural le arning rules to identify and
tune the parameters and structure of a Fu zzy Inference System (FIS). There are several features of the ANFIS which
enable it to achieve great success in a wide range of scientific applicat ions. The attractive features of an ANF IS include:
fast and accurate learning, easy to implement, excellent explanation facilit ies through fuzzy ru les, and easy to incorporate
both linguistic and numeric knowledge for p roblem solving strong generalizat ion abilit ies.
The network can be regarded both as an adaptive fuzzy inference system with the capability of learning fuzzy rules and
membership functions from data, and as a connectionist architecture provided with linguistic meaning. A typical
architecture of an ANFIS is shown in fig, in wh ich a circle represents a fixed node and square represents an adaptive node.
For a first-order Sugeno fuzzy model, a typical ru le set with two fuzzy "if-then" rules can be expressed as follows:
Rule 1: If x is A1 and y is B1, then f1 = p1 x + q1 y + r1
Rule 2: If x is A2 and y is B2, then f2 = p1 x + q2 y + r2
Where x and y are the two crisp inputs, and Ai and Bi are the linguistic labels associated with the node function.
Input node (Layer 1): Layer 1 is known as the input layer. Nodes in this layer contains membership functions.
Parameters in this layer are referred to as premise parameters. Every node nin this layer is adaptive node.
Node function is given by
𝑂𝑛1 = 𝜇 𝐴𝑛 𝑥 For n= 1, 2
Where x is the input to node n, and An is the linguistic label (small, large, etc.) associated with this node function.
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Figure. A rchitecture of ANFIS

Rule nodes (Layer 2): Every node in this layer is a fixed node labelled II. Output of this node represents a firing
strength of a rule. Each node in this layer corresponds to a single Sugeno -type fuzzy rule. A rule neuron receives inputs
fro m the respective input nodes and calculates the firing strength of the rule it represents.
𝑂𝑛2 = 𝑤𝑛 = 𝜇 𝐴𝑛 𝑥 𝜇 𝐵𝑛 𝑦 For n= 1, 2

Average nodes (Layer 3): Every node in this layer is a fixed node labelled N. The nth node calculates the ratio between
the nth rule's firing strength to the sum of all ru les firing strengths. Every node of these layers calculates the weight, which
is normalized.
𝑤𝑛 =

𝑤𝑛
𝑤 1 +𝑤 2

For n= 1, 2

Consequent nodes (Layer 4): This layer includes linear functions, which are functions of the input signals. This means
that the contribution of nth rules towards the total output or the model output and/or the function defined is calculated.
Every node n in this layer is a adaptive node with a node function:
𝑂𝑛4 = 𝑤𝑛 𝑓𝑛 = 𝑤𝑛 (𝑝𝑛 𝑥 + 𝑞𝑛 𝑦 + 𝑟𝑛 )
Where 𝑤𝑛 is the output of layer 3, and {pn, qn, rn} is the parameter set of this node. These parameters are referred to as
consequent parameters.
Output node (Layer 5): The single node in this layer is a fixed node labelled Σ, wh ich computes the overall output by
summing all inco ming signals.
𝑂𝑛5 = 𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 =

𝑤𝑛 𝑓𝑛
𝑛

IV. TRAFFIC LIGHTS CONTROL S YSTEM
In today’s world, traffic lights control system uses two types of systems. Basically, there are two types of conventional
traffic lights control system namely: fixed t ime and traffic actuated control methods. These control methods are used for
controlling the isolated signalized intersections. Traffic actuated control method combines pre-set cycle time with
proximity sensors which can activate a change in the cycle time or the lights.
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In the case of a less travelled street which may not need a regular cycle of green lights, proximity sensors will activate
a change in the light when cars are present. This type of control depends on having some prior knowledge of traffic flow
patterns at the intersection so that signal cycle times and placement of proximity sensors may be custo mized for the
intersection.
One type of control uses a pre-set cycle time to change the lights. Fuzzy logic traffic lights control is an alternative to
conventional traffic lights control which can be used for a wider array of traffic patterns at an inters ection. A fuzzy logic
controlled traffic light uses sensors that count cars instead of proximity sensors which only indicate the presence of cars.
This provides various inputs to the controller and allows a better assessment of changing traffic patterns. If traffic is more
fluctuating then Adaptive neuro-fuzzy controller can be used instead of fuzzy logic controller. In this paper comparison of
the both the controller is carried out in terms of the waiting time of the vehicles at the intersection as the per formance
parameter.

Figure 3. General structure of a traffic lights control system

The general structure of a traffic lights control system is illustrated as in Fig.1. There are two electromagnetic
sensors placed on the road for each lane. The firs t sensor behind each traffic lights counts the number of cars passing the
traffic lights, and the second sensor which is located behind the first sensor counts the number of cars co ming to the
intersection at distance L fro m the lights. The amount of cars between the traffic lights is determined by the difference of
the reading between the two sensors. This is in contrast to conventional control systems which place a proximity sensor at
the front of each traffic lights and can only sense the presence of a car waiting at the junction, not the amount of cars
wait ing at the traffic. The distance between the two sensors L, is determined accordingly following the traffic flow pattern
at that particular intersection. The controller is responsible for controlling t he length of the green time according to the
traffic conditions.
For deciding inputs of the fuzzy inference system I had contacted traffic policeman of Vadodara city traffic police. So
based on his expert knowledge about various traffic condition and traffic flow, I had derived rule base for the fuzzy
inference system. Here I am not taking prio rity based system. In this controller fixed minimu m green time of 5s is assigned
to all four phases and then based on current traffic situation additional green time added as the extension green time. He
suggested that if we take two inputs namely inflow rate and last time vehicles as the input to the system then it would be
more beneficial.
Data given by him is as follo w:
Nu mber of vehicles passing through junction:High – 100 vehicles per minute
Med iu m – 50 to 60 vehicles per minute
Lo w- 10 to 20 vehicles per minute
Inputs of the fuzzy inference system are current inflo w rate of vehicles at the junction for particular road and number of
vehicles that haven’t passed during last green signal.
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Membership functions of inflow rates are
Very_high [80 95 110]
High [60 75 90]
Med iu m [40 55 70]
Lo w [20 35 50]
Very_low [0 15 30]

Figure 4. Input membership function of inflow rate
Membership functions of last time vehicles standing at junction are
Very_high [40 47.5 60]
High [30 37.5 45]
Medium [20 27.5 35]
Low [10 17.5 25]
Very_low [0 7.5 15]

Figure 5. Input membership function of last time vehicles
Membership functions of output (green time extension) are
Very_high [40 47.5 55]
High [30 37.5 45]
Medium [20 27.5 35]
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Low [10 17.5 25]
Very_low [0 7.5 15]

Figure 6. Membership function of output (green time extension)
Now for ANFIS controller either this fuzzy system is used for initial guess or based on training data ANFIS can derive
its initial guess for the fuzzy system. I have developed training data for the adaptive neuro fuzzy inference system. It is an
excel file in which all colu mns are inputs except the last column. Last column always used for the output. Waiting time of
the vehicle at the intersection is equal to the sum of remaining red time of the current phase and red time of the other
phases.
V. SIMULATION AND RES ULTS
The above control strategies areimplemented using MATLAB tool. Co mparison of the rule base of both control
systems are given below. For the same inputs ANFIS controller has output equal to 24.5s and fuzzy controller has output
equal to 27.5s. Left hand side figure shows the rule base for the ANFIS system and the other figure is for the fuzzy system.

Figure 7. Co mparison of the rule base
Train ing result of ANFIS after 50 epochs for different methods is given in the below table:
No of epochs (50)
Sugeno system
Grid partit ion method
Sub clustering method
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Co mparison of the surface view o f both the systems is shown figure 8. We can clearly infer fro m the figure that the
surface view is smoother in ANFIS controller. The transition of one rule to another is carried out smoothly in ANFIS
controller. So no abrupt changes occur in the adjacent rules of the ANFIS controller. The surface view of the ANFIS
controller is linearly distributed on both the axis. So, using ANFIS controller we have better results over the other control
strategies which includes fuzzy logic controller, fixed time controller and traffic actuated controller.

Figure 8. Co mparison of the surface view

VI. CONCLUS ION AND FUTUR E WORK
In this paper, we are suggesting anANFIS based adaptive smart traffic lightcontrol system for an isolated 4-way
intersection. ANFIS basedadaptive smart traffic light control system is able to control the fluctuatingtraffic in any
intersection very efficiently and intelligently. TheAverage delay of the vehicles, Nu mber o f wait ing vehicles has been
calculatedfor the ANFIS, Fu zzy Logic and Fixed timing traffic control system. It hasbeen observed that the performance of
the proposed system isbetter than the other two systems.An expansion of ANFIS based smart Traffic Light Controller for
the group of intersections and the entire network can be planned.
REFERENCES
[1] Md. Asif Iqbal, AdibaZahin, Zainu Sadia Islam, and M. Shamim Kaiser, “Neuro-Fuzzy Based Adaptive Traffic Flow
Control System”,International Conference on Co mmun ications, Devices and Intelligent Systems (CODIS 2012
IEEE), 28-29 December 2012.
[2] AzuraCheSoh, RibhanZafira Abdul Rah man, Lai GhuanRhung , Haslina Md. Sarkan, “Tra ffic Signal Control Based
on Adaptive Neural- Fuzzy Inference System Applied to Intersection” International Conference on Open systems, 2528 September 2011.
[3] C. T. Wannige, D.U.J.Sonnadara, “Traffic Signal Control Based on Adaptive Neuro-Fuzzy Inference”, information
and automation for sustainability, 2008, ICIAFS 2008. 4th international conference on 12-14 December 2008.
[4] Ms. Girija H Kulkarni, Ms. Poorva G Waingankar,” Fuzzy Logic Based Traffic Light Controller”,Second
International Conference on Industrial and In formation Systems, ICIIS 2007, 8 – 11 August 2007, Sri Lan ka
[5] H. Kopka and P. W. Daly, A Gu ide to BTEX, 3rd ed. Harlow, England:Addison -Wesley, 1999.
[6] BRTC Research, The Daily ProthamA lo. http://ww w.p rothom-alo.co m.August I, 2012.
[7] H.-y' Fu, A Method of Traffic Variab le Estimat ion Based on Neuro -Fuzzyon Urban Road. Second International
Conference on Machine Learningand Cybernetics, Vo LOI, pp.530-534, Nov. 2003.
[8] M. S. Hoque and M. H. Rahman, Intelligent Transport Systems and ITSProspects in the Context of Dhaka City. 10th
International ConferenceOn Application Of Advanced Technologies In Transportation (AATT),Athens, Greece, May
27-31 2008.
@IJAERD-2015, All rights Reserved

301

International Journal of Advance Engineer ing and Research Development (IJAERD)
Volume 2,Issue 5, May -2015, e-ISSN: 2348 - 4470 , print-ISSN:2348-6406
[9]
[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]

A. R. Zade, D. R. Dandekar, FPGA Imp lementation of Intelligent TrafficSignal Controller Based On Neuro -Fu zzy
System. UACEE InternationalJournal of Artificial Intelligence and Neural Net works ISSN:- 2250-3749(online).
Ms. Girija H. Ku lkarni and Ms. P. G. Waingankar, Fu zzy Logic BasedTraffic Light Co ntroller. Second International
Conference on Industrialand Informat ion Systems, ICIIS 2007, 8 I I August 2007, Sri Lan ka.
AzuraCheSoh, et aI, Traffic Signal Control Based on Adaptive Neural-Fu zzy Inference System Applied to
Intersection. IEEE Conference on Open Systems (ICOS2011), Langkawi, Malaysia, 25-28 Sept 2011, pp 237-242.
352 2012
JarkkoNiittymäki, “Installat ion and experiences of field testing a fuzzy signal controller”, European Journal o f
Operational Research131 (2001), pp 273 - 281.
C.P.Pappis and Ebrahim H. Mamdani, “A Fu zzy Logic Controller for a Traffic junction”, IEEE Transactions on
System, Man andCybernetics, Vol.SM C-7, No.10, October 1977, pp 707 - 717.
Trabia M.B., M.S. Kaseko, and M. Ande., “A two-stage fuzzy logic controller for traffic signals”, Transportation
Research Part C 7(1999), pp 353 - 367.
JarkkoNiittymäki, “General Fu zzy Rule Base for Isolated Traffic Signal Control – Rule Formu lation”, Transportation
Planning andTechnol, Vol.24, pp.227 – 247.
JarkkoNiittymäki, MattiPursula, “Signal control using fuzzy logic”,Fuzzy Sets and Systems 116 (2000), pp.11 – 22.
Tan KokKhiang, Marzuki Khalid and Rubiyah Yusof, “Intelligent Traffic Lights Control by fuzzy logic”, Center fo r
ArtificialIntelligence and Robotics, UniversitiTeknologi Malays ia,

@IJAERD-2015, All rights Reserved

302

