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Fuzzy Vehicle Control System for Single
Intersection
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Abstract: Traffic light at the intersection is an important part
of the daily life of the urban cities. Traffic light needs to be
managed properly so that a large number of vehicles able to
cross the intersection. Current traffic light system is not able to
allot efficient traffic light cycle length to vehicles. It is because of
the traffic system is based on the fixed cycle length. Today
traffic is highly fluctuating. Number of vehicles in the traffic
varies with respect to time and day. To handle this situation, the
paper proposes a vehicle control system using fuzzy logic: Fuzzy
Vehicle Control System (FVCS). FVCS allots dynamic cycle
length signal duration to vehicles based on the present traffic
available at the intersection. Experiments have been performed
on the proposed FVCS architecture using MATLAB.
Experiments show that a reduction of 28.92% can be achieved
in the number of vehicles that are waiting at the intersection to
Ccross it.

Index Terms: Cycle Length, Green Light Time, Intersection
Fuzzy Logic, Vehicle Control System.

I. INTRODUCTION

Number of vehicles coming at the intersection is of highly
dynamic nature at the intersection today. Fixed time control
traffic light signal at the intersection is not suitable to handle
the dynamic nature of vehicles. It shows a need of automatic
and dynamic traffic signal to provide a solution to the traffic
jam at the intersection. Generally, traffic lights timings are set
on basis of historical data. It can not control the traffic which
is fluctuating. There should be a decision making procedure
based on the current traffic pattern. The objective of traffic
control management is to minimize delay so that the
movement of vehicles can be maximized at the intersection
[71, [8]. Vehicle control system should be able to handle the
uncertainty of the number of wvehicles arriving at the
intersection. Establishing an effective control system at the
intersection is also reduces pollution in the environment [9].
Fuzzy logic is able to handle the uncertainty in vehicle
movement.  The fuzzy system mechanism preserves
uncertainty and infers duration of green light for smooth
conduct of crossing vehicles at the intersection. Fuzzy system
is able to take decision similar to human being. Major
research is going on applications of intelligent techniques.
These techniques may be like fuzzy logic, expert system
genetic algorithm and neural networks. These techniques are
also applicable to traffic control signals [1]-[6]. Driving
behavior models based on mixed traffic have been presented
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in [15]. The road traffic should be able to include complex
flows such as consideration of pedestrians, road environment,
and road traffic with multiple vehicles [16].

A fuzzy based traffic signal system may use sensors to collect
data related to vehicle count. Accordingly, traffic system may
take decision for the duration of traffic cycle length. The
cycle length of the traffic system should be optimized
according to the traffic presently exists at the intersection.
Fuzzy logic is able to provide a controlling mechanism at the
intersection which is suitable for heavy traffic [10]. Fuzzy
logic has been applied first in traffic control in [11]. They
provided a fuzzy logic system for a single intersection two
phase one-way. A model is presented in [12] based on fuzzy
logic to manage important personnel. Important personnel
movement creates problems at the road that may lead to
accidental cases. A model with a single junction that
incorporates urgent vehicle management is presented in [14].
Vehicle control management models using fuzzy logic to
handle heavy traffic have been presented in [17]-[20]. A
model using fuzzy model that avoids obstacles automatically
for car navigation is presented in [20]. In [21], green time
duration is calculated dynamically using fuzzy control. Fuzzy
logic can also be used in other area of applications related to
vehicles [22]. Further paper is organized in four sections.
Section Il presents proposed work Fuzzy Vehicle Control
System and describes details of the proposed model. It is
followed by section Il that discusses the experiment which
has been conducted for the verification of the FVCS
architecture. Section IV presents the results that have been
obtained after the experiment. Conclusion of the paper is
presented in the section V.

Il. FUZZY VEHICLE CONTROL SYSTEM

We propose architecture that allocates dynamic green cycle
length to vehicles for crossing the intersection. The model is
based on fuzzy logic. Fuzzy Vehicle Control System (FVCS)
architecture considers a single two phase intersection as
shown in Fig. 1. Two phases are North-South phase and
East-West phase. North-South phase will be considered as
Phase 1 (i.e. Phase A) and East-West phase will be
considered as Phase 2 (i.e. Phase B) in the paper. When
vehicles at phase 1 are moving then vehicles at phase 2 is
stopped and waiting for crossing the intersection. Similarly,
when vehicles at phase 2 are moving then vehicles at phase 1
are stopped and waiting for crossing the intersection. FVCS
architecture is presented in Fig. 2. The architecture provides
cycle length based on current traffic present at the
intersection.
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The architecture counts the number of vehicles of both the
phases (Phase 1 & Phase 2) and accordingly calculates cycle
length for the traffic lights. The architecture consists of five
components which are described in the following
subsections.
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Fig. 2 Fuzzy Vehicle Control System (FVCS) Architecture

A. Sensors to detect vehicles

This component of FVCS detects the number of vehicles
presently exists in both phases and they are waiting to cross
the intersection. It uses two sensors (say S1 and S2) for each
phase for finding the number of vehicles. First sensor (S1) is
situated near to the traffic light and second sensor (S2) is
situated 100 meters away from the first sensor. First sensor
(S1) is to count vehicles passing from the intersection when
the green light is on. Second sensor (S2) counts vehicles
arriving towards the intersection. When the green light
duration ends, difference between number of vehicles
detected by sensor S2 and number of vehicles detected by
sensor S1 denotes Traffic Queue (TQ) of a phase. Similarly,
Traffic Queue (TQ) is determined for the other phase also.
Traffic queue is also called waiting vehicles because it
represents number of vehicles waiting for green light to be
turn on so that they are able to cross the intersection.
Equation (1) is showing the equation that determines Traffic
Queue which is number of vehicles waiting at intersection for
crossing it.
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TQ = count (S2) — count (S1) 1)

Here, TQ denotes number of vehicles of a phase waiting for
crossing the intersection and the function count() returns
number of vehicles which have been detected by a particular
sensor. Here, it is assumed that rate of vehicles arriving
towards the intersection is higher than rate of vehicles
crossing the intersection. When the rate of vehicles crossing
the intersection is higher than the rate of vehicles arriving
towards the intersection then the absolute value of TQ is
taken for further analysis.

After finding traffic quantity of both phases of the
intersection, fuzzy inference system module is called. We are
using two inputs for fuzzy inference system, one is Traffic
Queue-1 (TQ1) which has been determined from phase 1 and
other is Traffic Queue-2 (TQ2) which has been determined
from phase 2.

B. Fuzzy Inference System

Fuzzy Inference System (FIS) is responsible for producing
cycle length on the basis of the current traffic. It uses
Mamdani Fuzzy inference system. FIS has two input
parameters: TQ1 and TQ2. Where TQ1 represents traffic
queue from phase 1 and TQ2 represents traffic queue from
phase 2. Output parameter of FIC is Cycle Length. Values of
input parameters are in the range from 1 to 80 vehicles. It is
assumed that 1.5 seconds are needed to pass single vehicle
from the intersection. Accordingly, output parameter cycle
length is designed which is of the maximum of 120 seconds
for longest traffic queue of 80 vehicles. Linguistic variables
of input parameters TQ1l and TQ2 are Very Small (VS),
Small (S), Medium (M), Large (L), and Very Large (VL).
There are 25 fuzzy rules which are designed in the fuzzy
inference system (FIS). These rules provide suitable cycle
length on the basis of currently available traffic for the
intersection. We have designed 25 fuzzy rules suitably to
cater various types of traffic queues as well as to reduce the
complexity of the system. Increasing the number of fuzzy
rules in the fuzzy system is also increasing the complexity of
system [13]. Fig. 3 shows 25 fuzzy rules.

FIS wuses triangular-shaped membership function to
characterize its input and output variables. Fig. 4 to 6 show
triangular membership functions of TQ1, TQ2 and Cycle
Length and Fig. 7 shows surface area of FIS. All members’
functions are uniformly distributed. The crisp value of fuzzy
set is determined by the defuzzification process. The
defuzzification process finalizes one value from the resultant
fuzzy set. There are various methods for the defuzzification.
In our proposed architecture, we use SOM (smallest of
maximum) method to determine crisp value of fuzzy set.

C. Green Time Allotment (GTA)

Cycle length which is provided by FVCS is then further
divided into suitable green light timings for both phases of
the intersection. Green light timing is calculated in the
proportion of the number of vehicles currently present in the
respective phase. If a phase is having small number of
vehicles then accordingly small green time duration is
allocated from the cycle length.
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If a phase is having high number of vehicles then large green
time duration is allocated from the cycle length. Allocation of
green time duration for the respective phase from the cycle
length is calculated according to percentage of vehicles
currently available in the respective phase. Equation (1) & (2)
are used to calculate green light time duration. GT1 denotes

green light time duration of phase 1 and GT2 denotes green ZE; 06l / \ |
light time duration of phase 2. CL denotes cycle length which 5 : \/
is provided by the FVCS. 5 A
9 041 B
GT1=(TQ1/ (TQ1+TQ2)) * CL Q) 8 / \
c/ i
GT2 = (TQ2/ (TQ1+TQ2)) * CL @) .l \

GT1 and GT2 are allocated to respective phases of the
intersection to allow movement of the vehicles. One green
time duration is active at time. When GT1 is active then only
vehicles of phase 1 are moving and vehicles of phase 2 are
stopped (i.e. red light signal for phase 2). Similarly when
GT2 is active then only vehicles of phase 2 are moving and
vehicles of phase 1 are stopped (i.e. red light signal for
phase 1).

1. IE(TO1 15 VE) and (TOQ2 iz V3) then (Cyclelength 1 3)

2. (TO1 12 VE) and (TQ2 iz 8) then (CyeleLength iz M)

3 (T is V3) and (TQ2 is M) then (CyxleLengthiz M)

4 IE(TO1 13 VE) and (T2 15 L) then (CyeleLength is L)

5. IE(TOQ1 iz V) and (TQ2 is VL) then (Cycleleng th iz VL)
6. If (T s 8) and (T'Q2 is §) then (Cycleleng th is M
T.IE(TOL iz 8) and (TQ2 iz M) then (Cyelelength iz L)

8. I(TO1 15 ) and (TQ2 iz L) then (CyeleLength iz L)

9 I (TO1 iz 8) and (TQ2 iz VL) then (CyrleLength iz VL)
10 IE(TO1 is M) and (TQ2 is M then (Cyxlelengthis L)
11 (T iz W) and (TQ2 1z L) then (Cyclelength is VL)
12 IE(TO1 1z M) and (TQ2 iz VL) then (CyeleLength is VL)
13 IE(TO1 iz L) and (TQ2 isL) then (Cyxlelength 13 VL)
14 IE(TO1 1z L) and (TQR iz VL) then (CyeleLength iz VL)
15 IE(TO1 15 VL yand (TQ2 1s VL) then (CycleLengthis VL)
16. If (T iz 8) and (T'Q2 is V) then (CyeleLength iz M
17 IE(TO1 is M) and (TQ2 iz V3) then (Cyelel ength iz )
18. I (TQ1 1= WD and (TQ2 is 5) then (CyeleLength 15 L)

19 IE(TO1 15 L) and (TQ2 iz V§) then (CyuleLength iz L)
200 E(TQL s L) and (TOQR 15 3) then (CyxleLengthisL)

2L IE(TOL i3 L) and (TQR iz M) then (Cyelelength iz VL)
22 K (TQ1 iz VL yand (TQ2 iz V) then (Cyrlelength iz VL)
23 (TN is VL Jand (TQ2 iz 8) then (CyeleLength 1s VL)
24 H(TQ1 iz VL) and (TQ2 iz M) then (CyeleLength is VL)
25 IE(TON is VL Jand (TQ2 isL) then (Cyelelength 1s VL)

Fig. 3 Fuzzy rules of FVCS
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I11. EXPERIMENT

Experiments have been performed on proposed architecture
with the help of MATLAB. Eight different sets of data have
been taken for the experiments. Data set has various
combination of humber of vehicles of TQ1 and TQ2. Table |
shows the data set with corresponding cycle length which has
been obtained from FVCS system.

Table | Eight data set with Cycle length from FVCS

Data TQ1 TQ2 Cycle Length
Set (Seconds)

1 5 80 114.05

2 10 70 74.78

3 66 20 80.73

4 40 50 74.78

5 25 35 81.92

6 55 15 81.92

7 75 40 112.86

8 61 20 87.87

The results obtained from the experiments have been
compared with traffic system with fixed cycle length. Here,
we take fixed cycle length is of 60 seconds which is generally
used in many intersections. A survey has been conducted
regarding selection of fixed cycle length. Table Il is showing
data set with fixed cycle length. In the case of fixed cycle
length of 60 seconds, half of the cycle length i.e. 30 seconds
is allotted to green time duration for each phase.

Table 11 Eight data set with fixed cycle length

Data TQ1 TQ2 Cycle Length
Set Fixed Time
(Seconds)
1 5 80 60
2 10 70 60
3 66 20 60
4 40 50 60
5 25 35 60
6 55 15 60
7 75 40 60
8 61 20 60

Fig. 8 & 9 are showing fixed time cycle length scenario with
respect to phase 1 and phase 2. Horizontal axis is showing
number of data set and vertical axis is showing number of
vehicles in Fig. 8 & 9. Both figures are showing number of
vehicles (i.e. TQ) presents on a phase (TQ1 for phase 1 and
TQ2 for phase 2), number of vehicles that have crossed the
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intersection and number of vehicles which are waiting at
intersection for crossing it.

Both Fig. 8 & 9 indicate that numbers of waiting vehicles are
large in the fixed cycle length vehicle control system. If there
are many vehicles present at phases then there are more
number of vehicles are in the queue which are waiting for
their turn to cross the intersection in the fixed cycle length
vehicle control system.
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Fig. 8 Fixed Time Cycle Length (Phase 1)
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Fig. 9 Fixed Time Cycle Length (Phase 2)

Fig. 10 & 11 are showing effects of dynamic allocation of
cycle lengths that are provided by FVCS. Horizontal axis is
showing number of data set and vertical axis is showing
number of vehicles in Fig. 10 & 11. FVCS provides suitable
cycle length after observing the current traffic of both the
phases. Both Fig. 10 & 11 are also showing that number of
waiting vehicles are very less as compared to fixed cycle
length traffic system. Fig. 10 & 11 consist of number of
vehicles presently available on a phase (TQ1 for phase 1 and
TQ2 for phase 2), number of vehicles that have moved
through the intersection in a phase and number of waiting
vehicles in a phase.
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IV. RESULT

This section discusses the result that has been obtained from
the experiment. The experiment has been carried out using
MATLAB. Fig. 12 shows the result of the experiment. It
shows a reduction of 30.56% in number of waiting vehciles
in phase 1 and a reduction of 27.27% in number of waiting
vehciles in phase 2. An avegare of 28.92% reduction in
number of waiting vehicles because of proposed FVCS
architecture.
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V. CONCLUSION

Traffic jam is major problem at the intersection in the urban
cities. Fixed signal timings traffic system is not effective to
handle current traffic jam. Proposed architecture FVCS using
fuzzy logic shows its effectiveness to handle current dynamic
traffic. FVCS is able to handle the dynamic pattern of
incoming vehicles by providing dynamic cycle length at the
intersection. FVCS reduces number of vehicles on an average
of 28.92% that are waiting at the intersection to cross the
intersection. The work can be extended to handle vehicles at
multiple intersections which are adjacent to each other.
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