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ABSTRACT

Traffic Control System plays a key role in overall safety
of traffic and pedestrians. These prompt idea of Adaptive
Traffic Light Controller based on Neuro-fuzzy
techniques which were used in controlling traffic so as to
design and simulate a hypothetical T-junction
intersection traffic scenario to achieve congestion free
and smooth traffic condition with special consideration
of traffic length, presence and absent of emergency on
traffic using priority. The developed system considered
five input variables one output variable, All the input,
were obtained by detectors/sensors lock, which process
and converts the crisp value of inputs into the fuzzy
value and they were mapped with three linguistic
variables (Low, Average, High), Gaussian membership
function was used to fuzzify all the variables, the
objectives of the work were design an adaptive
neuro-fuzzy based model to control vehicle movement in
a double lane traffic intersections, which were simulated
using MATLAB integrated development environment
and performance evaluation of the system shows highly
perfect in achieving the desire objectives.

Key words: Traffic Control System, Gaussian
membership ~ function,  congestion,  Congestion
Estimation, Fuzzy Inference, Fuzzy Logic Controller,
Traffic Light Duration.

1. INTRODUCTION

Traffic Control System plays a key role in overall safety
of traffic and pedestrians. A traffic light control system
is mainly situated at road junctions, intersections and
pedestrian crossings. It is an intensive method that
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allows efficient use of existing road in order to promote
movement of human and goods in a safe, effective,
convenient and efficient manner [1]. Controlling
congestion, detection of incidents and control of traffic
light are the sub areas of traffic light control. Traffic
light and controller unit as highlighted by [2] are the two
parts of traffic light control systems.

Traffic signal usually have different three indicator
lights: a red signal implies ” stop”, a green signal
implies “go” and a yellow sometime called amber signal
implies “ready to go”; which are used to control traffic
movement at busy road intersections. Designing of
traffic signals was conceived to ensure safe as well as
well-ordered flow of traffic, protection of pedestrians
and vehicles and reduction of casualties and several
accidents between pedestrians and vehicles alike
entering major intersections.

Organized movement on traffic, improved capacity of
the major intersection and required only uncomplicated
geometric design are merits of traffic control [3].
However, inadequate traffic control may lead to adverse
effects of long queues and delay, collision, noise and air
pollution as well as complexity in the design and
implementation.

There are two notable classes of traffic light control,
which are Fixed-Time (FT) traffic signal which simply
based on mechanism control and Real-time (RT) traffic
signal which based on algorithm control.

Most literature refers to the latter as Traffic-Responsive
control, Dynamic traffic light control, automated traffic
control system. For the essence of this research work,
traffic responsive control will be used throughout this
research work.



2. RELATED WORKS

Traffic congestion had been identified as the major
problem requiring intelligent traffic control system. A
number of works on traffic light controller are presented.
[4] presents a fuzzy logic control system that will control
the traffic movement approaching the major intersection
sets.

Resulting from number of traffic approaching the
junctures, an adaptive Fuzzy Logic Traffic Controller
(FLTC), designed using hybrid Fuzzy and Genetic
algorithm, are used in regulate the “ready to go” phase
which is (green indicator) to divide north-south from
east-west approaching traffic indicator lights.

The research study is however inadequate as the vehicles
that can be identified by the traffic sensors cannot exceed
twenty, because it was presumed that individual vehicle
in length is about four metres. Distance in one metre
between individual vehicle when on motionless, and
waiting on queue for green light to turn on.

An adaptive neuro-fuzzy inference system which was
developed by [5] was examined in traffic indicator lights
controlling. Given a set of input traffic signal dataset,
the developed Adaptive Neuro-Fuzzy Inference System
(ANFIS) drew up its own corresponding rules and
membership functions. Therefore, achieving its own
model design, process easily and dependable in
comparison with fuzzy logic standard controllers.

Usually utilized as meaningful inputs to fuzzy indicator
signal systems are distance between two different
vehicles, hold on queue at intersections, flow of vehicle
and its density determined by traffic and length of each
vehicle. Taking into account the real fuzzy applicability,
the average delay of each vehicle influx rate of traffic
lane was taken in this study as inputs to the adaptive
neuro-fuzzy model signal controller while green light
time of one traffic lane is taken as the system’s output.

Results show better performance of low average retard of
vehicles on stop light which is red indicator light and
better synchronicity of “ready to go” phases which is
green indicator light. Comparison with the fixed light
system, the nuero-fuzzy system minimizes delays at both
junctions. When the traffic conditions are changed
abruptly at one junction, the green light time periods of
both intersection changes accordingly, adapting to the
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current vehicle movement conditions. [6] identified the
needs in addressing the difficulty in controlling
intersections and managing available traffic flow
indicator.

The goals of this research are to develop an
understanding fuzzy logic system for traffic
administration in controlling of traffic indicator at major
intersection which aimed at minimizing the delay time.
The research work provides a solution for controlling
intersections by prioritizing the paths, but the research
work was not implemented. [7] stated that traffic
indicator in controlling of fuzzy which can be seen as
major likely solutions to incoming generation on traffic
indicator control glitches.

The objective of this paper is to present an adaptive
three-phases of fuzzy logic traffic controller signals.
Based on the rolling horizon approach, a GA-based
heuristic integrated with the golden ratio searching is
developed to learn the optimal parameters of fuzzy
controllers. The limitations of this work is that it is
difficult to extend this method to control multiple
intersections of an urban network, this is because
parameters of the fuzzy controller are updated by using
genetic algorithm to search in the efficient solution set.

For the need to tackle the growth of population traffic
congestions that facing cities and metropolitans, [8]
developed an adaptive traffic indicator light in order to
deal with the difficulty of congestions on traffic. The
research work used the dataset that was compiled from
Amman works. This dataset contained several
intersections. Individual intersection had various cycle
and all these individual cycle are to designate unchanged
particular cycle time in accordance to cycle subordinate
to attribute to get a large dataset. WEKA, a data miming
software was used to minimize the dataset that will
achieve rules which will contains post and
pre-condition, and constrains to choose associative
measures in accordance to input sets to achieve precise
cycle time. However, development model did not support
an enhanced livability, workability and sustainability.
[9] developed a vehicle speed restriction control system
in a fastidious zones using global positioning system.
The motivation behind the research work are to restrains
the occurrence of accidents due to high speed by the
drivers. The aim of this research work is to solve the
difficulty of high speed by drivers by having a speed
limiting control system that would act upon drivers’



carelessness especially in critcal zones. The research
work made use of phone’s built-in GPS sensors, to send
signal to user by the mobile application alerting the user
once a critical zone has been approached.

3. METHODOLOGY

The research describes the design of a traffic control
strategy using an ANFIS model technique. The
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approach first formulates a 4-way intersection of double
lane road network problem. Given a hypothetical double
lane multi-connected (4-way intersection) road network,
where four cardinal points are used, which are S, E, N
and W, represented as South, East, North and West
respectively, these represent the four intersections
shown numbered in clockwise direction as shown in
Figure 1.

Fuzzy Rule Base

A

Fuzzy Inference
System .| DEFUZZIFICATION
—> >
A l
- ANFIS Adaptation

Traffic Engine
Condition
Database

Control Strategy
Output (TLD)

Figure 1: System Architecture

In this architecture, which shows the Fuzzy Logic
Controller, there are four major blocks. The first block,
which is the input variables, it will be obtained by
detectors/sensors as shown in Figure 2.

The variables to be considered for traffic in a proposed
intersection are as follow:
i.the vehiclesPyi(f) passed straight-line within the
space of time [t - At, t];
ii.the vehiclesPsyit)imoved through stop-line (not
referaring to right hand side-lane vehicles)
within the space of time [t - At, t];
iii.the vehiclesPgin(t)movedright hand
within the space of time [t - At, t];
iv. the vehiclesQHf) which to move toward stop-lane, but
did not goes right, as well remain on queue
within space of time t;and
v. the vehiclesQ {fholding by red light and still on
queue within space of time on left hand side lane.

side-lane
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All this inputs were applied to the fuzzification block,
which process and converts the crisp value of inputs into
the fuzzy value. After the fuzzification, fuzzy inference
system block performs the necessary action based on the
rule base and mapped with three linguistic variables
(Low, Average, High), Gaussian membership function
and traffic condition database are used to fuzzify all the
variables are fuzzified. The fuzzy inference system
evaluates the control rules stored in the fuzzy rule base
and traffic condition database.

Defuzzification block process and change the fuzzy
output values of a fuzzy inference crisp to real crisp
values. The Adaptive Neuro Fuzzy Inference System
(ANFIS) adaptation model engine will continually update
the architectural parameters as traffic conditions changes,
by taken the output real crisp values and train dataset,
with its decision centered around the condition of traffic

The output of the system is the traffic light duration
(TLD). The control strategy output variable will be



mapped to three linguistic variables (Low, Average,
High), using Gaussian membership function.

N

Figure 2: General Structure of the 4-way intersection of
double lane road network

The following assumptions are considered in the design of

the control strategy for an interconnected double lane,

four junction intersections with traffic coming from

junction S, E, N and W which denoted as South, East,

North and West, respectively in the Figure 2.

A. No turnaround at any intersection.

B. All oncoming traffic can move in any of the three
directions as shown in Figure 3.1. For instance,
traffic coming from south towards intersection A
can move SE, SN or SW (representing
South-East, South-North, South-West) and not
otherwise.

C. Sensors/detectors for vehicle detection will be
installed and configured on stop-lines behind
each traffic light, upstream-lines behind the first
sensor at distance S, and corners of every right
hand side-lane. Sensors will count the vehicles
moving through straight-lanes, stop-line and
corner-lanes which are right/left within a given
interval of time [t - At, t].

For left-turning wvehicles to be detected,
ultrasonic  detectors will be placed on
left-turning sides. These sensors will be used to
identify the vehicle shapes and calculate vehicles
that are driven towards left-lanes sides. Two
traffic light contains three sets of green, red and
amber lights at each quadrant of the intersections
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controls the movement of oncoming traffic along
each lane to any of the allowable three directions.

D. The time duration of the green light is the output
of the adaptive fuzzy logic control strategy which
is a function of nature of traffic. Nature of
oncoming queue describes presence or absence
of emergencies like accident, ambulance
movement, fire truck, government convoy,
security/bullion van movement.

E. Priority will be given to each of the routes and
emergencies. Routes SN and NS has priority 1,
routes WE and EW has priority 2, while routes
SW, WN, NE and ES has priorities 3, 4,5 and 6
respectively. Routes SE, WS, NW and EN will
not be considered in the design because their
movements are not affected by any traffic
combination (i.e. their traffic lights are always
GREEN). However, priority 0 is given to any
route having presence of emergency.

Four ways signalized intersection will be studied with
three approaches and each lane sensors. Figure 3.3 shows
an intersection which represented as four cardinal points
with lanes and vehicle sensors configuration. Each
approach are represented as left hand side-lane, straight
through and right hand side-lane movements i.e SE, SN
or SW representing (South-East, South-North,
South-West) and not otherwise.

Vehicle detection were installed on stop-lines i.e located
behind each traffic light, upstream-lines i.e placed at the
back of first sensor at distant of S, and corner-lines for
right-turning. Sensors will count vehicles passing
through straight-line, right hand-lane and left-land at
interval time t. To discover vehicles on left hand-side
lane, sensors called ultrasonic were placed on left hand
side lane corner.

These sensors are capable to identify appearance of each
vehicle and it will count vehicles driven towards left hand
side lane. A three-phase sign consisting of straight lane,
left hand lanes, and right hand lanes are shown in Figure
3.

In each process, every approach were assigned with two
different measures, the “ready to go” light which is green
indicator signalized vehicles on each approach can pass
through the intersection, while “stop light” which is red



indicator signalized vehicles on each approach cannot
move.

E denoted East, S denoted South, W denoted West, and N
denoted North respectively, are four cardinal points which
each three approaches have to cut across, the vehicles
passed straight-lane within the space of time [t - At, t]
respectively.

Prastsiane(t) . Psourmsiavs(t) . and
Puorrustave(t) - Ljkewise, the vehicles goes through
stop-line (not referring to right hand side-lane vehicles)
within the space of time [t - At, t] is represented as,

Peasrstrne(t) | Psourestune(t) , Pwssrsrowe(t) , and

Piyest.srans(t) ,

Pyoarrstune(t).

Vehicles turning right hand lane (Eto N, StoE, Wto S,
and N to W), the vehicles moving through right hand-lane
within the interval of time [t - At, t] is represented as,
Prasrarane(t), Psovraarans(t), Pwestarans(t), and
Pyorruaane(t).

For three approaches, the number of direction as shown

4Ejgure 3. J\
C)

(a) (b) (©

Figure 3: Direction for four signalize
Vehicle which turn left side within the interval of time [t -
At t] is represented as, Peasrsms(t) , Psovrmsioe(t)
Py esrsmpe(t), and Pypgrasoe(t) At every interval of time

t, the vehicles on queuing is represented as, Qgasr,sis (£},

Qsovrrsipe(t), Quwesrsipelt), and Quorrasmme(t).

Likewise, vehicles moving through stop-line on each
approach, but did not move right, and hold on a queue at
given interval of time t are represented as, @pgasr(t),

Qosovra(t), Qewest (), and Qeyorrs ().
Probably, for vehicle turning right, the vehicles are

defined as Qrrasr(¥) , Qrsowr#(t) , Qrwssr(¥) , and

Qrnorra(E).
Similarly, the vehicles hold on queue at time t on the left

hand-side turning lanes are noted as Qrgasr(t) ,

Qrsovrs (), Qrwest (£), and Qrxvorralt).

The total vehicles Qr(t) hold on queue at time t comprised
the previous three parts, for illustration, moving toward
east Qr (t) are expressed as
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Qreast(t) = Qrzasr(t) + Qreasr{t) + Qreasr(£). Qr (f)
(1)

if {{PEastilem (t}is high} and E{PEast;Ran_a(t}is a_\‘EL’ELgE} and

{PEa:t:STling(t)is £ 31]-}}} or {Qpﬁﬁff(r)is 'h'igh'}J then {U(a)_ﬁ‘usr iz high’}

if {{P“'Est:l.‘li.uz(t}is high} and E{P‘.‘;'gst:mmz(t}is ava:age} and

{P“'as‘t: Sli.n;(t}is small } H er {-Q Wuz{t} is '?”;.Qh}J then {U () _W.;_qzi';s high‘}

if {{L1t)_Eastis high}or {U(t)_West is high} },then {5(t) is high}

The Fuzzification of the Model variables are expressed in
the equations below

Low————if _x <18
f..(x;a,b,c)=1Average—1.2<x <28
High——22<x, <38

Low———if _x <18
Average-12<x, <28
High——22<x <38

2

flri(XZ;a'i ’t)l 'Ci) = ©)
Low———if _x <18
Average-12<x, <28
High——22<x <38

Low,————if _x, <1.8
Average,—-1.2<x,<2.8
High,—-2.2<x,<3.8
(5
Low,————if _x, <1.8
Average,—-1.2<x,<2.8
High,——2.2<x,<3.8

fii(%:8,0,6) == 4)

fui(, 1@,0;,C;) ==

flri(xs;ai,bi,ci)zz

(6)
STOP ,——if_ygo
f, (y;a,,b;,c;,) ={READY ,——-y=05
GO ---y=1
(M

The linguistic expression for the variables and their
membership functions which are (low, average and high)
are properly examined from the aforementioned
triangular membership functions and it is denoted by
lower limit a, an upper limit b, and m value, where a <
m< b. The actual membership functions of these
linguistic values.
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The ANFIS model will be experimented with 1, 2, 3, 4
and 5 hidden layers structure. In figure 4 below, a circle
symbol indicates a fixed node, while a square symbol
indicates an adaptive node. These seven-layer structure,
individual layer are elaborate in specify as follows. The
first layer is the input layer consisting of z-number of

neurons.
pomome.
TR -’i—l\ w, _ Al
AN AT e Y n) e
Ay I\ //}_}1_ }\ %f Sl \,
\ x/ NS o
(“‘: A i” L]/‘_\‘\ E / }\j Y 1z =y 2
~|E‘\\\ y\ / \/x\,y/ s ;Z\) .{';LD/\
. L sl 5 et
/ ’)\\\‘ ,rf_/ \\\\. /"/
NS\
(el A= —-%
~=}

Figure 4: The architecture of ANFIS model for traffic
control strategy

The first hidden layer comprise of adaptive nodes. The
products of this layer are fuzzy membership rate of the
inputs, which are expressed as.

0l= pa(x)  j=1..3 ®)

A is the linguistic variable, x; is the first input and
Hy (Xl) is the fuzzy membership function. In this
research, Gaussian, will be used during the ANFIS

modelling. The Gaussian membership function is given
by;

—(x—c)?

Hp, (X1)= f(xo,c)=1¢ 20°

©)

where M, represent membership function of linguistic

variable (A;) while o, C determines the skewness and
center of the Gaussian curve.

The second hidden layer, which consists of rule nodes.
The output of this layer is a result of multiplier effect (w;)
with the fuzzy inputs as shown. Each node in second
layer corresponds to fuzzy rule. A rule neuron receives
inputs from the input nodes and calculates the firing

strength it represents. It is labelled as “7” in Figure 3.4.

0F = pala)r pg () =13 (10)
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The third hidden layer carries out a normalization
function. The output of this layer outputs respective
normalized firing strength or weights. The nodes are also
fixed and labelled as “N” in Figure 3.4, to show that they
handle a normalization part to the firing strengths from
the second hidden layer. The product of the layer is known
as normalized firing strengths and given as;
0% = pa (x) B .#lyl-(x:}, i=1..3 (11)
The fourth hidden layer comprise of adaptive nodes. They
adapt to changes in the output of normalized firing
strength and nth order polynomial. This nodes are also
fixed and labelled as “f” in Figure 3.4, The output of this
layer is known as adaptive of firing strengths and given
as;

— W,
0= = [

LW W, W LW,

, =1
(12)

The fifth hidden layer results to an adaptive node. The
product of these individual node in this layer is
subsequent output of the normalized firing strength and a

first order polynomial. These resulted to (W f; ). It
consists of one single fixed node which labelled as " Z ”

is expressed by;

0F =W, f, =W, (p,X+,..., X, + 1) , i=1...,

(13)
where the consequent parameters are p, g and r.

z

The last layer which is the output layer performs a
summation of all subsequent node outputs. These node
performs the summarization of all succeeding signals.
All-encompassing products of the model is adapt to
changes and labelled as “f” in Figure 3.4, given by;

Oé& :zv_vl fi _ Z|W/I 1:i

The fuzzy rules for the ANFIS is given by;

Rule(1):

IF(xy_is_ A )AND, ., AND(x5is B;)),THEN fi=1=1=

IF(x, _is_A)AND,..., AND(x; _is_E,) THEN _f, = p,X+,... G, X; +T,

(14)

W
|

(15)

Rule(n):

IF(x__is_A)AND..ANDx, _is_E,) THEN f, =p,X+..4G% +T,
(16)
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Where X, A, E are input variable, first input fuzzy set, nth
input fuzzy set and f is the fuzzy output respectively. The
design functions to be tuned at the process of training the
ANFIS are represented by p, g and r respectively. The
ANFIS architecture consisting of seven layers is shown in
Figure 4.

The selection of hidden layer structure and tuning of
parameters will ensure optimum accomplishment of
ANFIS model strucure. The development and simulation
of the ANFIS model is carried out in MATLAB Integrated
Development Environment (IDE).

4. RESULTS AND ANALYSIS

This section describes the analysis and implementation
results of the Fuzzy-based for Adaptive neuro-fuzzy
traffic controller for double lane intersections. The
implementation of the Fuzzy-based model simulation was
done and tested on three (3) different MATLAB
applications, which are; MATLAB 8.4 (R2014b),
MATLAB 8.5 (R2015b) and MATLAB 9.4 (R2018b)
versions respectively with high performance computing
language for simulation of the traffic models.

Simulation output shown in figure 5, analysis the flow of

vehicles on Routes SE, WS, NW and EN.

Fie Edt View et Tock

RIS

Desktop Vindow  Help
PEL- (3 08 0D

SMART TRAFFIC SIMULATION

TOTAL DELAYED CARS [=]

Figure 5: Screen shot of Traffic Simulation of Minimum
Traffic Light ON.

Average delay of each vehicle on red light against time is

shown in figure 6.
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Figure 6: Delay Plot against Time plot

Average waiting time of each vehicle on green light

against time is shown in figure 7.
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Figure 7: Average Waiting Time against Time plot
Performance evaluation metrics of the system which make
it unique and more reliable to conventional system of
traffic light management is shown in figure 8. It
calculated total simulated cars, total time taken, average
waiting time, and average flow rate of each routes per
minute.



4 Figure 5

File Edit View Insert Tools Desktop Window Help
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PERFORMANCE EVALUATION METRICS
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| TOTAL SIMULATED CARS : |

| TOTAL TIME TAKEN : |

| AVERAGE WAITING TIME | | 17.0148 |

| AVERAGE FLOW RATE PER MINUTE : | | 3.52634 |

Figure 8: Performance Evaluation

The proposed research controller resulted minimum
vehicle movement delays and percentage of stopped
vehicles are lesser than the traditional fixed time system.

5. CONCLUSION

This research explores the various factors that enhanced
high performance of fuzzy-based simulation model for
adaptive neuro-fuzzy traffic controller for double lane
intersections for four approaches with through,
left-turning,  straight-turning and  right-turning
movements, considering the traffic conditions like
presence and absent of emergencies on the road.

This work equally demonstrates the feasibility of using
triangular and Gaussian membership function (MF)
which are considered for queue lengths in fuzzy
controllers. The results of the experiments for the
simulation scenarios show the better performance of the
ANFIS to identify optimal parameters in controlling of
fuzzy system with amount of conceivable conflicting
accomplished measures.

This work establishes a priority dependent adaptive
neuro-fuzzy based traffic control strategy which reduced
the level of congestion and long queues experienced in
multi-networked roads. The output of this work will
served as a veritable framework and report for urban town
planners and transport management personnel in the
transportation industry.

6. FURTHER RESEARCH

It is believed that when a system is this kind developed
and implemented; the problems of traffic congestion will
be solved, hence furthering the positive uptake of agent
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technology of using neuro-fuzzy inference system,
linguistic and its membership function should be able to
solve numerous problem of traffic congestion, air
pollution, noise on traffic/road network and some kinds of
starvation on our road network in the country.

Likewise, conventional traffic system can be as well
placed with regards to factors that were reflects the type
that control its traffic system, or to utilize an intelligent
controller system/expert system for making most decision
urgent traffic light indicator on which phase should be
open.

Furthermore, researchers needs thorough research to
uncover the genetic algorithm optimality of solving traffic
issues or any kind of related problems, like determine the
value and to be more robust and sequence. Also, to prove
the effect of traffic control algorithm in a real life
situation.
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