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Abstract: Monitoring traffic efficiently has been one of the biggest modern day problems. As population has exponentially
increased in the last century, the same effect has been observed on vehicles. This has put tremendous pressure on the existent
traffic systems. Even today, several traffic systems work with the concept of fixed time slots attached to each traffic light while
overlooking the density of traffic at that junction. This causes millions of people to waste their precious time in traffic while
concurrently affecting the nature through air and noise pollution. Another consequence of this waiting is the toll on the mental
health of the commuters. To overcome these problems, we propose a system that manages traffic by taking the primary factor of
real time traffic density into consideration. This system utilizes cameras along with image processing to achieve its goal. It
ensures that the lanes switch based on the number of vehicles, consequently cutting down waiting periods while reducing
pollution substantially.
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I. INTRODUCTION

Traffic management has seen drastic changes over the years. From the time when a traffic policeman used to manage several

vehicles throughout the day, we have come a long way forward to today’s automated traffic signal system. Most traffic control

systems these days make use of pre-set timers for each lane of traffic at a particular junction. The major problem with this system is

the inconsideration of the traffic density at any specific time. It has therefore been a frequent observation that a certain lane having a

greater pre-set time remains green even though it does not have any vehicles approaching the junction while the other lanes suffer

because there is no switching of signals. As mentioned previously, this causes several problems which are further highlighted
below:

1) Long Undue Waiting Periods: With the pre-set timers, it is not possible to take the current traffic density into scrutiny and thus
waiting periods at traffic signals are inevitable. It hence causes the commuters to wait at the junction for no particular reason.

2) Significant air & Noise Pollution: Most of the motorists who are waiting at a traffic junction do not turn off their respective
vehicles’ engines and thus fuel is wasted. Considering that this scenario happens at every traffic junction, it leads to remarkable
air pollution. It is also obvious that the commuters do not wait patiently at a junction and keep honking which adds to the noise
pollution.

3) Problem of Traffic Offenders: After getting frustrated due to the long waiting periods, commuters try to escape that traffic
junction by violating the traffic signals which puts several lives at risk, including themselves and the pedestrians.

4) Effect on the Health of Commuters: It is clearly evident that the unnecessary waiting periods cause a lot of stress to the
commuters. It completely drains them mentally and significantly reduces their productivity. Another issue which is overseen by
most people is the effect on respiratory system due to exposure to smoke emitted from several vehicles for long periods.

5) Traffic Divergences: With multiple development projects carried out in a city at any point of time or due to a natural calamity
striking, traffic is often diverted until the ongoing work is completed. These diversions should ideally lead to changes in the
timings of the pre-set timers at the neighbouring junctions but that is not the case and thus traffic is once again affected.

These major problems need to be tackled by the traffic authorities at the earliest because they affect the society as a whole and make
the travel experience much worse than it should be. Nevertheless, progress has been made in several parts of the world to curb the
problems which arise from traffic mismanagement. Cameras have been installed at several traffic junctions to fine the offenders. At
some places, officials have started using different sensors to switch traffic lights depending on the density. However, the use of loop
detectors or proximity sensors as electronic sensors is once again debatable due to the high cost. Hence it is evident that going
forward in the future, the systems in place today will not be able to help out with effective traffic management. It is therefore
necessary to get a new, updated system into place soon. The system we propose utilizes real time traffic information to control the
signals at any junction. It first detects the number of vehicles on each road and depending on the count, it assigns the optimum
waiting time (through red signal light) and running time (through green signal light). In this manner, each cycle will have different
waiting periods for every lane and will consequently ensure lesser congestion at the signals. Since the system is completely
automated as well, it can go a long way in managing traffic dynamically.
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Il. LITERATURE REVIEW
Reference [1] proposes a system that takes live images from CCTV cameras at traffic junctions and uses it to calculate the real-time
traffic density. This calculation is carried out using image processing and object (vehicle) detection through YOLO (You Only Look
Once). The number of vehicles detected with the help of this algorithm controls the signal switching algorithm and accordingly sets
timers for each lane. A simulation of the proposed idea has been developed as well to exhibit the effectiveness of the proposed system
over the existing traffic management system. The accuracy of detection achieved through the system was between 75% and 80%,
thereby improving the current traffic system by 23%.
Reference [2] uses digital image processing through OpenCV (Open Source Computer Vision Library) to control the live traffic
present on roads. The captured videos from camera are first converted to grey scale images followed by the application of image
thresholding. Subsequently, video frames are converted to images and again, smaller frames are created from these images. The SVM
(Support Vector Machine) algorithm searches these small frames to identify and categorize vehicles which ultimately leads to
switching of signals. This system is also able to identify traffic rule violators and stores these images separately. The results had an
average error of 2% with an execution time of 1.5 seconds.
Reference [3] implements image processing using OpenCV with Haar Cascade algorithm. The system also makes use of Artificial
Intelligence along with Arduino to count the traffic in each path. A model of the system containing Arduino Pro Mini and LEDs is
created to illustrate the benefits of the approach. Although the system is completely automated, a feature to control traffic manually is
also provided in case of an emergency. The success of the system was made evident through the effective monitoring of a local traffic
prone area whose data was collected and run on this system. An estimated 60% decrease in the congestion of traffic was possible
through this process.
Reference [4] proposes a five module implementation system for traffic management. Images are first acquired from the pre-existing
data sets that depict the real-time images of traffic. This is followed by image pre-processing where unwanted noise and objects are
removed from the image. Consequently, the images are processed with the help of edge detection that focuses on the discontinuities in
the images. Later, decision is made to switch the traffic lights based on the density which is finally followed by the output. Raspberry
Pi 3B+ module accompanies OpenCV to carry out the entire process.
Reference [5] achieves traffic monitoring by using Google API (Application Program Interface) crowdsource data, thereby avoiding
the use of sensors. The data is communicated to the control system via a ZigBee network and the signal timings are thereby adjusted.
In order to show the proposed system, a circuit was first tested on Proteus software and then implemented. Data from a junction of
Delhi city was run on the system for three different hours of the day to get an idea about the variance of traffic density and the
adaptability of the system to the same. The proposed system provided good results and proved to be a technique that could be
instantly employed at any traffic junction where it is needed.

I1l. PROPOSED SYSTEM

A. Proposed System Overview

The system we propose takes input from cameras & infrared sensors and switches the signals at the junction. Thus traffic signals keep
switching based on the density of traffic at that moment. In order to show the utility of our system, we have created a miniature model
that shows the monitoring of a four-way traffic junction. The model system works in two phases, the primary system and a backup
system. The primary system monitors the four-way intersection using two cameras and two sensors for the respective four lanes
whereas the backup system uses two sensors for each lane (eight sensors in total). Arduino Mega 2560 [6] is at the heart of both
systems and works in unison with the software on the computer. Fig. 1 illustrates the miniature model.

Fig. 1. Miniature model demonstrating four-lane monitoring
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B. Primary System

As mentioned previously, the primary system uses two infrared sensors and two cameras to monitor the live traffic. Assuming the
four lanes at the junction to be lanes A, B, C and D, lanes A and C are monitored using the two sensors (one sensor for each lane)
while the two cameras keep a check on lanes B and D respectively. Three 5mm LEDs are used for every lane to replicate a real life
traffic signal. The sensors for the model are TCRT5000 [7] infrared sensor modules that provide a good range to measure the
presence of an object in front of the sensor. At the same time, the cameras detect appearance of a vehicle and send the data back to the
controlling system. All hardware components, apart from the two cameras (which are directly connected to the laptop ports) are then
connected to the Arduino Mega 2560 board which is eventually connected to the computer. Fig. 2 shows the schematic circuit
diagram of the primary system.
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Fig. 2. Circuit Diagram for Primary System

The software of this system comprises of Arduino IDE (Integrated Development Environment) which controls the sensors and Python
(through OpenCV using PyCharm [8]) which makes decisions depending on the feedback from the cameras. While the sensitivity of
the TCRT5000 infrared sensors can be adjusted using the potentiometer present on the module, the area captured by cameras to detect
the vehicles can be adjusted using the PyCharm software. The adjustment to the contour area in the software helps us to enable these
changes. The Arduino code is first uploaded to the Arduino Mega board. Later, input is given to the PyCharm terminal to execute the
code, thus making the system operational.

Once the system is active, traffic signals of all lanes will turn red. They will remain in this state as long as none of the sensors and
cameras present at the junction detect any vehicle. Whenever any lane detects a particular vehicle, the traffic light for that lane will
turn green. This pathway will now remain green for as long as there are no automobiles present in any of the remaining three lanes.
As soon as you remove the vehicle from that lane, the traffic indicator will once again turn red. However, if the car is not removed
and another car is made to enter either one of the three available paths, the first lane will not remain green for an immeasurable time
but will rather have a limit of six seconds. Thus the two lanes that have been occupied with traffic will keep switching between
themselves with a maximum time of six seconds. Again, if any of the two lanes become vacant, the other lane will remain green
endlessly. The same logic can be applied to the presence of traffic in three lanes or all four lanes at the junction.

The rationality behind the working of the system is the timely examination of each road for the presence of traffic. The system keeps
running in a cycle, going from lane A to lane D with a limit of six seconds for each lane. Therefore, whenever a certain single lane has
detected traffic, the lane is assigned green light for a period of at least six seconds (as long as the traffic is continuously detected in
that lane, i.e. unless the cars in that lane move away). After six seconds, the network monitors the other lanes for traffic. If it does not
detect any motor car after going through the entire cycle, it starts the next cycle wherein it once again detects traffic at the first lane
and keeps it open once again for six seconds. Since the primary system uses cameras and if any disaster takes place affecting the
cameras, the system can be diverted to the backup system.

C. Backup System

As the name suggests, the backup system comes into action in an emergency situation where the main system fails. The backup
system makes use of eight TCRT5000 infrared sensor modules (two sensors on each lane) to monitor traffic. Just like the primary
system, the backup system too uses three 5mm LEDSs to demonstrate each traffic signal. Four 7-segment displays are used as timers to
display the time for which the respective lanes will remain green. For the backup system, each hardware component is connected to
the Arduino Mega 2560 board that is ultimately attached to the computer. Arduino IDE (Integrated Development Environment)
makes up the complete software for this system. Fig. 3 reveals the circuit diagram for the backup system.
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Fig. 3. Circuit Diagram for Backup System

The backup system gets activated once the necessary code is uploaded to the Arduino board. When no traffic is detected, the system
starts working in a cycle from lane A to lane D, switching to each traffic signal for a maximum period of three seconds. The 7-
segment timers too get activated in the first cycle and display the obligatory time. The preference hierarchy for the backup system is
as mentioned below: 2 sensor trigger > 1 sensor trigger > Absence of traffic.

Thus, a crowded lane which has traffic present at both the sensors will be preferred over a lane with vehicle present at the first sensor.
Traffic light switching based on the real time density is hence achieved through the backup system. Fig. 4 presents a traffic lane with
three seconds displayed on the timer due to lack of traffic.

Fig. 4. Traffic lane demonstrating the absence of traffic

Whenever a single sensor, i.e. the first sensor of any traffic path detects a vehicle, it will assign a five second timer to that particular
lane instead of the previously mentioned three seconds that were assigned due to the absence of automobiles. Unlike the primary
system, the backup system will remain green for the entire duration of five seconds even if the vehicle is removed immediately after
the timer is assigned. If multiple pathways of the junction have a vehicle present at the first sensor, the system will keep running in a
loop, starting from lane A to D, assigning those lanes a timing of five seconds while the remaining lanes with no presence of traffic
will remain red. Thus the presence of a single vehicle at lane A will trigger its signal first followed by the single vehicles present at
lanes B, C and D respectively. A traffic light of the miniature model displaying five seconds on its timer is shown below in Fig. 5.

Fig. 5. Traffic lane demonstrating a single sensor trigger
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Lastly, if a particular road at the junction has both its sensors triggered by traffic, it will assign that lane a timer of eight seconds
instead of the three seconds or five seconds. Just as a green light remains in the same state for five seconds irrespective of the car
being present later for a single sensor trigger, the same is the case when two sensors are triggered. The path will remain green here for
all eight seconds. Similarly, if more than one lane has vehicles present at two sensors, the system will run in a cycle, assigning eight
seconds to those lanes. Fig. 6 illustrates a traffic light which displays a timer of eight seconds due to the presence of vehicles on both
Sensors.

Fig. 6. Traffic lane demonstrating a two sensor trigger

IV. CONCLUSION

It is evident that the current traffic management systems which make use of predetermined timers at traffic junctions are not capable

of providing a smooth commute experience. They have a lot of drawbacks and will need a huge makeover to become efficient.

Thus, they cannot act as a long time solution to the handling of ever-growing vehicle population on roads.

The system that we propose takes into consideration all the current problems and finds an appropriate solution for the same. People

will have to wait a lot lesser at signals, they will be relieved of the constant stress due to their commute while also reducing the

traffic offenses that are observed. Most importantly, it will ensure that less fuel is wasted at traffic junctions while greatly reducing
noise pollution too. The proposed system is not only smart but also completely automated which makes it great. Its consideration of
real time traffic density is what separates it from the rest of the systems in place. The additional feature of a timer will also help to
solve the problems of constant honking at the signal and speeding at a junction (to avoid the red traffic light) because commuters
can now observe the timer and adjust to the situation accordingly. It is hence very much possible that our system can go a long way
in making future travel worthwhile.

V. FUTURE WORK

Even though the proposed system improves the current traffic monitoring system, there is room for the following improvements that

can be added in the near future:

1) Accident Monitoring: Everyone is aware about the frequency of accidents that happen on the road. Whenever such an
unforeseen event takes place, it takes a long time to provide assistance to the victim and this leads to many fatalities which
could have been somehow prevented. With the help of traffic cameras installed at the junctions, any vehicle that happens to
remain stationary in an inapt position (to avoid confusion with parked cars) could be identified as an effected automobile and
the emergency services could be notified immediately. This would not only help them to respond faster in these kind of
situations but also help in avoiding the resulting traffic jams.

2) Adaptive System for Emergency Vehicles: It is estimated that 1 in 10 patients in India loses his/ her life due to the ambulance
being stuck in traffic [10]. This is a huge number and makes us realize how bad the existing traffic management is. To
overcome this situation, a model can be trained which will allow the cameras to identify any emergency vehicle and allow it to
cross a traffic junction at the earliest.

3) Recognizing Traffic Rule Violators: Traffic rule violators are a common sight on most traffic junctions. People tend to break
traffic laws and expect to get away with it without facing any consequences. Not long back, these offenders would be fined by
identifying their number plate and sending them an online penalty. However, since these mulcts are not followed up regularly,
the entire cause fails. A future system could capture the number plate and send the penalty directly to the contact number of the
registered owner, making it mandatory to pay up the fine in accordance with the sterner rules.
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4) Synchronization of Traffic Signals at Multiple Junctions: It is often observed that once you finally get to cross a traffic junction
after waiting there for several minutes, you once again have to wait at the very next junction. This situation is clearly frustrating
and needs a solution. A synchronized traffic model would help overcome this problem by giving a preference to the lane which
has maximum traffic approaching from the previous junction.

5) Reducing Pedestrian Inconvenience: In India, pedestrians often violate the traffic rules in place for them by crossing the lanes
whenever they see an opportunity. This not only risks their life but also endangers the passengers in vehicles. This problem can
be solved by providing bearable waiting time periods for pedestrians after every lane switching cycle, hence allowing them to
cross the roads without waiting for long periods unnecessarily.
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