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Abstract: Every second heart attack patient in India takes 7
hours to reach a hospital, which is almost 14 times more than
theideal time within which a heart patient should be treated that
is 30 minutes, government data shows.A two-year data from the
ongoing Management of Acute Coronary Event (MACE)
Registry of the Indian Council of Medical Research (ICMR)
shows at some places it even takes 15 hours. A lot of precious
time s still being wasted in traffic. Also some linesin the traffic
junction are proneto traffic than the other linesand all the lines
are held green for the same time irrespective of the density of
traffic. The FPGA (Basys-3) based traffic controller sets the
light green of alineif it detects ambulance (using sound sensor)
in that particular line. Also if the density (determined using IR
sensor) in one of the lines is high that particular line is held
green for longer time.
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l. INRTODUCTION

The FPGA based controller is designed as a time-based
traffic light control system for ajunction having four ways.
There is a internal decremented counter which is used to
display the signa time in a decremented order and also to
change the signal from on path to another sequentialy.
Ambulance is given the highest priority. Sound sensors are
placed on each of the four paths. The sensors are
configured to trigger at ambulance frequency (900-1000
Hz). If the sound sensor triggers this path is made green
and the ambulance is allowed to pass.

Next level of priority is given for the road density at any
moment , especially during peak hours of going to or from
work and schooling the traffic stays at it’s peak and regular
waiting intervals are of no good use in these situations.
Hence from the continuously monitored data for density
when a certain road experiences the waiting time needs to
be increased between 2 successive (orthogonal) roads , in
this implementation there are IR sensors placed at both the
bank of the road at the dotted lined markings (as shown in
figure 1) , hence whenever vehicles surpass that dotted line
for a prolonged time (this ensures that it is traffic and not
every vehicle that passes between that sensor continuously
throughout the day)
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the green light time is increased to accommodate al the
traffic.We need to increase the delay for the light accordingly
for all the roads whenever this situation occurs such that al
the vehicles stranded in that road are cleared and only then
moved to check the other roads. The last priority is given to
the regular condition when there is neither ambulance nor
higher traffic, all four roads are successively let to clear by
turning then GREEN and others into RED (but the one right
after being YELLOW instead) and this continuesinto all four
paths until any higher priority condition is detected.

¢ avoy

ROAD 1

ROAD 3

¥ avoy

Fig.1. Traffic layout (dotted lineindicate sensor
positioning)

The following flow chart illustrates the functioning of
traffic controller:
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1. CASE ILLUSTRATION

A. Casel

Normal condition when there is no other higher priority
signal detected (ambulance or density).The roads are
provided with 8 cycles (80ns) GREEN , 4 cycle (40ns) of
YELLOW followed by RED until all other roads also
complete their GREEN and YELLOW condition . It runsin
a successive manner as ROAD 1, 2, 3 and 4, and hence
repeat this cycle until any signal detected.

B. Case?2

This shows the condition when an AMBULANCE is
detected anytime. The road on which the sound signal is
caught is given the highest priority then and no matter what
state it was in it switches to GREEN to alow the
AMBULANCE to pass by.

C. Case3

This is to display the case when an AMBULANCE is
detected any number of time , whenever the priority is
asserted the system turns that certain road into GREEN to
alow the emergency situation to be handled accordingly.

D. Case4

This shows the case when density is detected. Density on
relative to the state the road is on when the signal is received
, if we detect high density on aroad that isbeing let out i.eis
in GREEN already only then we increase the time of that
state to alow all the vehicles to be cleared off. Here in the
test condition ROAD 1 detects high density for a minimum
of 8 cycles, because if the density signal is anywhere less
than the available GREEN time it means that the vehicles
could have been let out easily. Since we are measuring the
density by placing sensors across the sides of the road after a
certain distance from the intersection it ensures that any
random vehicle passing through it doesn’t trigger the signal
so only when it stays on for minimum of 8 cycles (regular
time) it shows the presence of excessive vehicles. When the
required criteriaare met the road is given more GREEN time
than the regular interval which is 8 + 16 (excess time)= 24
cyclesto ensure that the traffic is fully cleared off from that

particular road.

E. Caseb

This shows the probable condition when density is detected
in aroad that is currently not on GREEN , the density is
ignored and the usua state is carried on. The pertaining
problem with a response to aroad that is not on GREEN is
that if weincrease the time interval for the road with density
other roads have to wait for longer interval in their current
condition (if some road has less vehicle but still hasto be on
green longer than required hence wasting time). Now a
probabl e solution might be to give priority to that road even
when it’s not on GREEN and instead turn it into GREEN ,
but by doing this we are increasing the traffic on all other
remaining roads and disturbing the smooth flow of traffic.

F. Case6

This shows the probable condition when density is detected
in a road that is currently not on GREEN , the density is
ignored and the usua state is carried on. The pertaining
problem with a response to a road that is not on GREEN is
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that if we increase the time interval for the road with density
other roads have to wait for longer interval in their current
condition (if some road has less vehicle but still has to be on
green longer than required hence wasting time). Now a
probable solution might be to give priority to that road even
when it’s not on GREEN and instead turn it into GREEN , but
by doing this we are increasing the traffic on al other
remaining roads and disturbing the smooth flow of traffic.

G. Case7

This is shows the tota working of the system , it works
normally asintended in the circular manner asROAD 1,2, 3
and 4 successively until any priority signa . Given thereis a
density detected on aroad which is currently at GREEN then
the response is given such that it’s GREEN time is increased
such that the road clears out, and anytime in between if an
AMBULANCE (being our highest priority) is detected that
road is turned into GREEN to respond to the emergency.

1. SCHEMATIC AND FPGA IMPLEMENTATION

GPIO pins can be used to interface the sound and IR
sensor with FPGA. Output digital pins can be control to relay
which will drive the traffic light (red, green, yellow). The
internal clock of Basys-3 (100Mhz) is used as counter for
lights.

The following is a schematic of FPGA implementation:
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Fig.3. RTL Schematic of Shwart Traffic Controller

V. RESULT ANALYSIS

Simulation waveforms for al the casesis shownin Fig.3,
Fig.4, Fig.5, Fig.6, Fig.7, Fig.8 and Fig.9.
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Fig.5. Case 3 simulation results
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Fig.7. Case 5 simulation results
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Fig.9. Case 7 simulation results

Thefollowing table 1 lists the hardware utilization on FPGA
to implement the smart traffic controller logic:

Hardware | TOTAL LOGIC FFs
LUTs LUTs
Utlization | 15 15 7

The Fig.10. depicts that the power consumption is 3.118W
from the device:

Power analysis from Implemented netlist Activity On-Chip Power

derived from constraints files, simulation files or

vectorless analysis Dynamic 3039W
Total On-Chip Power: Jisw Signals 0123w
Design Power Budget: Not Specified o7% 0% Logic 0.124W
Power Budget Margin: NA 110 2792W
Junction Temperature: 40.6°C

Thermal Margin. 444°C(88W) Device Static: 0079W
Effective 3JA 50°CW

Power supplied to off-chip devices: 0W

Confidence level

Fig.10. Power Consumption.

V. CONCLUSION

An smart traffic controller is ssmulated which works with a
normal counter moving green light to adjacent sides whilst
others are red. Priority is given to ambulance, in case
detected the particular line is made and the ambulance is
allowed to pass. And also if density on one of the sides is
more the time of green light is increased to clear the traffic.
Further the data from the sensor can be recorded and stored
in cloud. This data can be used to analyse the traffic density
inthe area.
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The sensor can communicate to the FPGA via wireless
modes by connecting a transmitter module to the sensor
and receiver module to FPGA. The FPGA can be
programmed to control the pedestrian lights as well.
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