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Abstract- For the economic development and 
progress of any country, roads play an important 
role by providing transportation ease for goods 
as well as for passengers. The number of vehicles 
on road is increasing day by day which are 
controlled by the traditional Traffic Light 
Controller in the countries like India and other 
developing countries. In traditional Traffic Light 
Controller, fixed time is allotted for traffic on 
each road to pass irrespective of the traffic 
intensity. This is an inefficient controlling 
method which consumes time, effort and fuel of 
users unnecessarily; also it doesn't have any 
provision of sensing and giving priority for the 
emergency vehicles to pass first. This problem is 
addressed by using Intelligent and Adaptive 
Traffic Light Controller (IA-TLC) implemented 
on FPGA using verilog. FPGA, microcontroller 
and ASIC designs have been used for traffic light 
controller. Reason for selecting FPGA is that it 
has numerous merits over microcontroller in 
TLC design. Some of these merits are high speed 
of operation, more number of input/output ports 
and better performance. IA-TLC is successfully 
implemented on Spartan 3E FPGA and same 
module is simulated for xilinx 14.3. 
 

I. INTRODUCTION 
 
The ambition of this development is to 

direct the traffic movement of intersecting roads and 
to realize optimal use of the traffic time. The idea 
behind intelligent traffic systems is that drivers will 
not spend unnecessary time waiting for the traffic 
lights to change, save fuel consumption and reduce 
pollution of vehicles which are in traffic queue. 
FPGA is an Integrated Circuit consisting of an array 
of uncommitted elements; interconnection between 
these elements is user-programmable. Using 
Random Access Memory, high density logic is 
provided. FPGA is advantageous compared to 
microcontroller in terms of number of IO (input & 
output) ports and performance.  

FPGA, an inexpensive solution compared 
to ASIC design; is effective with respect to cost in 
the case of production of large number of units but 
for fabrication in small number of units it is always 
costly and time consuming.  The circuit description 
can be done using HDLs, followed by the functional 
simulation and synthesis. The design flow is 
followed till the timing simulation and then the 

generated file is downloaded into the target device 
(FPGA). Verilog is used as HDL for circuit 
description to code the TLC module. Verilog HDL 
is used because of the difficulty in writing a VHDL 
code which has to integrate the source code, 
ChipScope Pro-Integrated Controller (ICON) and 
Virtual Input Output (VIO). 
 

II. TRAFFIC LIGHT CONTROLLER 
 

Traffic lights are integral part of modern 
life. Their proper operation can spell the difference 
between smooth flowing traffic and four-lane 
gridlock. Proper operation entails precise timing, 
cycling through the states correctly, and responding 
to outside inputs, like walk signals. The traffic light 
controller is designed to meet a complex 
specification. That specification documents the 
requirements that a successful traffic light controller 
must meet. It consists of an operation specification 
that describes the different functions the controller 
must perform, a user interface description specifying 
what kind of interface the system must present to 
users, and a detailed protocol for running the traffic 
lights. Each of these requirements sets imposed new 
constraints on the design and introduced new 
problems to solve. The controller to be designed 
controls the traffic lights of a busy highway (HWY) 
intersecting a side road (SRD) that has relatively 
lighter traffic load. Figure 1 shows the location of 
the traffic lights. Sensors at the intersection detect 
the presence of cars on the highway and side road. 

 
Fig:1 Crossover Between Side Road(SRD) and 
Highway(HWY) 
 

The heart of the system is a finite state 
machine (FSM) that directs the unit to light the main 
and side street lights at appropriate times for the 
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specified time intervals. This unit depends on 
several inputs which are generated outside the 
system. In order to safely process these external 
inputs, we designed an input handler that 
synchronizes asynchronous inputs to the system 
clock. The input handler also latches some input 
signals and guarantees that other input signals will 
be single pulses, regardless of their duration. This 
nullification greatly simplifies the design by 
ensuring that most external inputs are high for one 
and only one clock cycle. In addition to the FSM and 
input handler, my design also includes a slow clock 
generator. Because the specification requires that 
timing parameters are specified in seconds, my 
controller needs to be informed every second that a 
second of real time has elapsed. The slow clock 
solves this problem by generating a slow clock pulse 
that is high for one cycle on the system clock during 
every second of real time. 

In addition to generating a once per second 
pulse, we need to be able to count down from a 
specified number of seconds. My timer subsystem 
does that job. When given a particular number of 
seconds to count down from, it informs the FSM 
controller after exactly that number of seconds has 
elapsed. Finally, we have storage and output 
components. In order to store the users timing 
parameters, we use a static RAM whose address and 
control lines are supplied by the FSM. The RAM 
data lines are on a tristate bus which is shared by the 
timer unit and a tristate enabled version of the data 
value signals. This same bus is what drives the 
HEX-LED display, which comprises the output 
subsystem along with the actual traffic light LEDs. 

The traffic light controller is composed of 
a finite state machine (FSM), RAM, atimer, a 
divider, and various synchronizers. The heart of the 
controller is the FSM. This FSM controls the loading 
of static RAM locations with timing parameters, 
displaying these parameters by reading the RAM 
locations, and the control of the actual traffic lights. 
The timer and the divider control various timing 
issues in the system. The timer is a counter unit that 
counts for a number of one-second intervals that are 
specified by data stored in the static RAM. The 
divider provides a one-second clock that is used by 
the timer as a count interval. Lastly, the 
synchronizers ensure that all inputs to the FSM are 
synchronized to the system clock. 
 

III. TLC FLOW CHART 
 
  The Flow Chart shown in Fig. 2 illustrates 
the actions to be taken by the road users. Initially, all 
RED signals are ON and after few seconds, GREEN 
of a signal light in one particular direction will be 
ON to allow traffic in straight, right and left (left also 
sometimes needed) paths. The yellow light is split 
into two phases as yellow signal1 (Y1) and yellow 
signal2 (Y2). Pedestrian will be “OFF” in yellow 

signal1 (Y1) and pedestrian will be “ON” in yellow 
signal2 (Y2) so as to allow the pedestrians to cross 
the road. 
  At first the North traffic will be allowed to 
move and then traffic in the East, South and West 
direction will be allowed to move in sequence. The 
advantage of writing Traffic Light Controller 
program is that in a program, modifications as per 
requirements can be done easily i.e., suppose the 
traffic on main road should be allowed for more time 
and for side roads the traffic should be allowed for 
less time; then the clock is divided in such a way that 
for main road the clock period will be more and for 
side roads the clock period will be less, this is 
because the main road traffic is heavy when 
compared to the side road traffic. In general TLC 
System will be having three lights (red, green and 
yellow) in each direction where red light stands for 
traffic to be stopped, green light stands for traffic to 
be allowed and yellow light stands for traffic is 
going to be stopped in few seconds. But in this 
paper, yellow light is split into two phases and are 
included in the signaling lights along with red and 
green lights in order to indicate that in the first phase 
of yellow light, pedestrian will be OFF and in the 
second phase, pedestrian will be ON. 

 
            Fig. 2 TLC Flow Chart 
 
  The sequential order of the flow chart helps 
the programmer in the design regarding the flow of 
the program. North/ south-bound traffic will start 
with a green signal light while all the other lanes 
being red, the traffic will be stopped. After a 
predetermined time, the north/south traffic light 
turns yellow and then to red, allowing the east/west 
signal light to be green and the same sequence as the 
north/south-bound traffic is followed. The system 
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will continue to be in this loop until an indication of 
a vehicle in a left turn lane occurs. When the signal 
light turns yellow, the controller scans the inputs. If 
high, then the program will jump to a subroutine 
which has a different light sequence. This sequence 
controls the main lights along with the left turn 
lights. After completion of the subroutine sequence, 
the program returns to the main loop. 
The flow chart can be applied to any number of road 
structures. In this paper, a four road structure is 
considered in which the four directions labeled with 
four labels namely North, South, East and West. 
Each traffic lane has set of three traffic light signals, 
“Red, Yellow, and Green”, which operates similar 
to genera signaling lights i.e., it changes from red to 
green and then to yellow and after that back to red 
signal. 
 

IV. RESULTS 
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V. CONCLUSION 
 

The modern ways of multi-way traffic 
management improves the traffic condition up to a 
large extent. Traffic intensity is sensed and 
accordingly time is allotted for traffic to pass. The 
main feature of this study is the dynamic traffic pass 
time allocation and provision to detect the 
emergency vehicles like ambulance, fire brigade etc, 
giving them priority to pass first and then traffic 
resumes normally. Camera module is used to find 
the defaulter for crossing the red signal by means of 
sensors. This Design works with same efficiency at 
day and night time due to installation of IR sensors 
for providing dynamic traffic time. Verilog HDL is 
used to circuit description, code is generated which 
is simulated using xilinx14.3.  
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