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ABSTRACT

This project attempts to solve the issue of rush hour gridlock in intersections by implementing a
hardcoded A.I. that will make decisions on when to turn a certain direction of light green based on
queue capacity and predicted incoming traffic flow. The scenario depicted assumes that all vehicles
at an intersection are autonomously controlled and operated, and that traffic intersections control
the movement of vehicles based on information from adjacent intersections regarding traffic
congestion. The project attempts to utilize a NS2 network model to experiment scenarios. Although
the simulation does not encompass many practical examples of everyday traffic situations, this
report will hypothesize on the appropriate logic needed to meet the expectations of a smart traffic

intersection communicating with autonomous vehicles.

INTRODUCTION
According to the Los Angeles based news provider, KTLA, traffic congestion in Los Angeles cost

commuters 62 hours and $968 in 2021 [1]. It goes without saying that metropolitan traffic
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infrastructure has not been able to handle high congestion efficiently. This can be seen in most
metropolitan traffic statistics, including San Diego [2]. For this project, we will narrow our
problem scope to a couple of adjacent intersections and try to make intelligent network decisions
to minimize congestion. At a traffic intersection, often congestion can lead into more congestion
at other intersections. Assuming autonomous vehicles and smart intersection controls, we want to
control traffic light changes to best minimize overflow of congestion into other intersections.
Vehicles will need to be instructed from the traffic infrastructure to make various decisions which
would be best for the overall traffic situation. The solution presented in this paper will be to prepare
an algorithm and system that can predict traffic based on information from other intersections in
order to either prepare or prioritize certain routes. Thus, to ensure that no intersection has traffic
which would overflow into another intersection. First, we will predetermine a communication
protocol to be used with the car/lights interface (Bluetooth, Wi-Fi, etc.). Assess the pros and cons
of that protocol. Run some simulations on how the network will handle and redirect traffic. Come
up with ideas on how to handle incoming traffic (wait at light, allow to proceed, instruct to take a
turn). Also, we would create a general packet format in which the infrastructure could
communicate with vehicles and vice versa. This packet structure would be optimized to allow for

fast processing of instructions and status.

BACKGROUND

There are a number of factors that can cause traffic congestion and eventual gridlock, and there is
absolutely no one solution that will cure all traffic problems. The following opinion article, [6],
lays out the sum of contributors based out of Manhattan in New York as too many cars on the road
causing blockage and inadequate green time. To back up these opinions the following study

expands on this, [7].

There have been other attempts to solve this complex problem and numerous studies have been
done on the problem since growing populations in large cities cause increasingly problematic
traffic problems. A primary problem outlined by F.V Webster [4] discussed the delay due to cars

taking time to accelerate to a normal driving speed as well as the delay in order to create ample
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room between cars when starting up again. This combination adds up to wasted green light time

that could be used to empty the queue, and instead could cause serious congestion.

The first steps in combating this was a software called TRANSYT developed by D.I. Roberston.
This software would try to optimize the traffic time length of a red light based on traffic streams.
[5] This is an early solution that was the inspiration for the start of this project. This project will

expand the amount of variables needed to make the decision while the early focus is on flow rate.

Other countries have also employed their own solution to climate change which has been said to
also aid in traffic due to their relationship. In Asia the method that was adopted is an A.S.I. [8]
model which stands for avoid, shift, improve. Avoid means to reduce the number of trips and or
implement more work from home, shift means to increase walking or public transportation, and
improve means to increase the reliability of electric vehicles. The method that applies to our current
project is the shifting to public transportation. While this method would greatly benefit the amount
of cars on the road by fitting large sums of people onto one vehicle, the American Culture is one
that seems set on owning a personal vehicle and does not seem to encourage public transportation
except in older large cities such as New York, Boston and San Francisco. Therefore, it seems more

relevant to implement a system that will be useful to the American Society.

DESCRIPTION

The project will attempt to help alleviate the congestion of the everyday traffic at intersections
such as during rush hour. The problem that has been noticed by a number of people is that when
rush hour traffic comes around during early morning and late afternoon. Then in some intersections
there are too many cars that build up in one intersection and while the light is still green. This is a
frustrating situation as just sitting while a green light opportunity wastes away, and the situation
will continue to worsen as more cars get onto the road. This is also in part due to the timer based
light system, where no matter if there are cars queued up or not, the light might turn green for a

certain amount of time in a direction.
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The solution we proposed is to tap into the possibilities of autonomous cars that also utilize highly
accurate GPS location. Each intersection in a large city could read into the amount of cars in each
queue and make a decision based on how many cars need to go each way. Even expanding to each
neighboring intersection to warn them of incoming large flow of cars. In order to combat this and
not allow any backup the intersection would either clear its current queue or stay green for an
extended amount of time in order no cars are waiting at the intersection even while the light is

green.

Each different iteration of the overall experiment will work with different possible situations and
decide what is best for the flow of traffic. The different situations will include:

Similar car flow rate Northbound and Southbound vs Eastbound and Westbound.
Northbound and Southbound is experiencing higher car flow than east and west
Variable North, East, West, and Southbound

Communication delay if there are too many users

In each of the situations the system would adapt to ensure there is no buildup of cars. It would

follow the following logic of Figure 1:
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The intersection is starting
approach 75% capacity.

Relay this information to
the next intersection to v
ensure no buildup there. Prepare

intersection to
clear that route.

Relay that the
gueue is full to

Red Light Green Light the previous
intersection.
If at least 40% Fxtenq green \
of the capacity light timer ?O
is there that the buildup Clear that current

does not
happen again.

Clear the queue direction bound.

Figure 1: Logic flow diagram for Intersections

This basic logic will ensure that the cars do not build up too much and the problem does not flow
into the next intersection. It can also be extended to the previous intersection to relay that the queue
in front of it is full and should not turn green until the capacity has been reduced so that there can
be opportunity for the other directions to clear their queues in order to not waste time where cars

are sitting at a green light not able to move.

Naturally this would not need to be implemented at all times, and only needed during rush hour.
Therefore, if there were any restrictions or power limitations the system could be used at certain
times such at 7am-10am and 4pm - 7pm and all other times it could be moved to a timer-based

system as the traffic would be much lower during the middle of the day.
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It should be noted that this is a theoretical idea that can be scaled up to a whole city. Currently the
amount of coding and logic would require a large team and logistics as well as the development of
new technologies where all cars are able to communicate with each other as well as the intersection
they are currently at. Although a more basic version of the project could be accomplished with
electromagnetic sensors at the beginning of the intersection and scattered along the queues to give
an indication of how many cars are present to give an indication of whether or not the system
should start clearing queues. Once a car is detected by the underground electromagnet the system
would wait until the second electromagnet detected that a car was at rest right above it. That would

tell the system that the queue is getting full and to clear it according to the scenario depicted in

Figure 2:
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Figure 2: Intersection Congestion Scenario

Foreseeable problems could arise from the digging up of every major intersection in the United
States to implement this idea. It would be extremely costly and time consuming as they all could
not be done at the same time. In addition, creating road traffic in order to defeat road traffic is
rather ironic and should not be implemented unless the construction of roads is starting from

scratch such as in planned communities.

EXPERIMENTS
The intersection/vehicle communication network was incorporated into an NS2 simulation. NS2
is a network simulation software that can perform coded network scenarios. The network used for

this project contains a minimum of 5 nodes: One main intersection, and four adjacent intersection
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nodes (North, South, West, East). The additional nodes will be used to represent the incoming and
departing cars at the main intersection. Figure 3 is the graphical output of the. tcl code used for the
network simulation. The green connection lines are connections between the Main Intersection
(node 0) and the adjacent intersection nodes (North = node 1, West = node 3, South = node 2, East
=node 4). The remaining nodes are a collection of vehicles coming to the main intersection from
various directions. The two vehicles coming from North are nodes 5 and 6, both located at the top-
left section of node 0. The two vehicles coming from West are nodes 10 and 9, both located at the
bottom-left of the node 0. The two vehicles coming from South are nodes 7 and 8, both located at

the bottom-right of the node 0. The two vehicles coming from East are nodes 11 and 12, both

located at the top-right of the node 0.
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Figure 3: NS2 Network Simulator Output Displaying Intersections and Vehicles as Nodes.

The Network model simulates communication between different traffic intersections to imitate the
communication that would occur to share congestion/traffic information. With this information
intersections could then determine whether it would relieve congestion to redirect some traffic to
another intersection even if it is not the most optimal path for a commuter to take. The simulation
above is limited in its scenarios, for this reason this paper will convey traffic logic through the

thought experiments explained below.
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The following scenarios are the most simple yet the most common types of traffic congestions
that one would encounter during a rush hour:
Northbound and eastbound traffic is the same

All-bound traffic is the varying
Northbound is more than eastbound
Communication delay if there is congestion/traffic/many users

O

o O O

NORTHBOUND AND EASTBOUND ARE THE SAME

In this scenario, the traffic is seeing the same flow rate of cars in each orthogonal direction and
thus no one way would require minimal interaction from the system. In order to keep the steady
state system at this level of flow, the system would still operate on the more “laissez faire” method

and use a set timer that is based on the individual intersection.

EXPECTATION FROM THE CODE/SIMULATION

The code activates a timer mechanism for each direction. The red lights will be set for a
predetermined amount of time. The average red light in the United States is between 60 and 90
seconds so 75 would be a target time [3]. Thus, the expectation for the code and simulation to
change from red to green every 75 seconds on average during non-rush hour times. The most
famous of these rush hours is Los Angeles due to their extremely high population density. The
times that are considered rush hour there are between the hours of 7A.M. and 10A.M. and 4P.M
and 7P.M.

NORTHBOUND IS GREATER THAN EASTBOUND

In this scenario, there is a rush hour and one of the directions needs more attention and flow in
order to prevent congestion and building up into the next intersection. Thus, the system is actively
attempting to keep at a higher ratio of green light time to red light time. The eastbound would be
slowly building up its queue during this time and since a lower volume going east the need for a

longer green light is overshadowed by the need for a longer green light from the northbound.

EXPECTATION FROM THE CODE/SIMULATION

The code is actively attempting to keep the light green for a longer duration of time since there are

significantly more cars in that route. Referring back to the flowchart in Figure 1, the northbound
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would be filling up its queue until it reaches a threshold, in this case 75% of the queue length. It
would then begin preparations for the light turning green, i.e., turning yellow for other directions
and ensuring that the next intersection is prepared to receive the large batch of cars and either turn
green itself or remain red. The light would then turn green for the regular 75 seconds plus an
additional 15 seconds since it is known that there is a larger volume in that direction. In this way,
keeping the green light timer would actually reduce the length of the rush hour since the number

of cars going that way is not going to change.

ALL TRAFFIC BOUND IS VARIED

Similar to the previous scenario this would occur during rush hour times; however, there would
not be one direction that is seen as more high volume than the other. Additionally, there is no way
to know if one direction is going to be heavier, and at any moment one direction could experience
a large influx of cars. This would be the most useful of the scenarios as it could act as a general

setting and handle most scenarios in a decent way.

EXPECTATIONS FROM THE CODE

In order to combat this scenario, the code would follow the flowchart in Figure 1 and act to turn
green and red on a needed basis and not use any timers. The system would remain green in any
given direction until another direction’s queue reaches the 75% threshold and then that direction

would have priority and would follow the flowchart in order to clear out its queue.

COMMUNICATION DELAY BETWEEN CARS AND INTERSECTION
In a scenario where there the system is either lagging or overwhelmed by too many data packages.
The lag would delay the threshold detection and thus the flowcharts logic flow could be enacted

much later than 75% and will eventually lead to congestion.

EXPECTATIONS FROM THE CODE

The code can sense if there are too many cars and is unable to keep the flow of traffic at a steady
state. If data packets are being built up for way too long indicating that there are too many cars
that are there and will decrease the threshold limit to 65% in order to have a buffer so that the lag

cannot cause backup.
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POSSIBLE EXPANSION IMPROVEMENT PACKS

If given more resources and time there are various ways that the concept of this project could be
expanded and scaled up. Currently the model, as seen in Figure 4, only represents 1 intersection
with 4 adjacent lights that all interact based on the situation happening at the middle node. Thus,
the middle node is the only node in which decisions are solely based on. All other nodes are simple

add ons and only make decisions based on what is happening at the center node.

Secondary

node

Center

=

Secondary
node

Secondary
node

Secondary

node

Figure 4: Current Setup of Network Simulation

In this current model, this is the extent of the simulation code. However, in order to scale upward,
every node must simultaneously be a secondary node and a center (primary) node. Thus, the

following node setup, as seen in Figure 5, would be a more developed system:
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Figure 5: More Developed model where all Intersections act as Primary and Secondary Nodes

In addition to the scalable aspect of the system, the system can be optimized and tuned to each
intersection. For example, a shorter intersection length would require a longer timer to clear out a
traffic congestion in some cases. If the current logic chart flow chart and code was implemented,
in a scenario of two adjacent intersections, suppose intersection 1 had a length of 200 meters and
intersection 2 only had 60 meters. The code would only add 15 seconds to the green timer. However,
this would still leave a lot of cars prone to congestion since the code would in turn be unloading
150 meters of cars (75% capacity) into a 60-meter queue, and intersection 2 would be backed up
immediately. Thus, an optimal solution would be to find a formula for green light timer in terms

of intersection length and adjacent intersection lengths.

An additional dimension would be integral for cars making turns at an intersection. Currently the
software is only capable of cars going straight, however this is not a real-world case. Although the
addition of this would be rather simple, currently there is only one lane for traffic to go. Once the
intersection reaches 75% capacity, the simulation starts to clear it out. In order to expand this to

cars making turns, each direction in an intersection will be categorized into 3 lanes depending on
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if they're turning right, left, or going straight. Each of those lanes will have their own capacity

trackers.

CONCLUSION

Overall, this project attempts to define a network and logic for a smart traffic intersection that
communicates with autonomous vehicles and collects capacity information from adjacent
intersections. The network topography and basic communication was shown using the NS2
Network Simulator program. The system works based on the assumption that all cars are
autonomous in order to make a solution where startup delay and extreme road gutting and
construction are not needed. The solution also only operates as a single intersection with 4
intersections connections; however, this is still scalable. The solution offers a very simple logic
flowchart decision making system that would help relieve traffic congestion based on high volume
priority and prevent gridlock in large intersections. As expected, the most general form of the
solution would behave the best. The situation where there can be varying car influxes is the most
useful and the most general solution. This solution would likely be optimized going forward for
expansion of this smart intersections concept in practical applications. The current state of daily
commute involves heavy usage of personal vehicles. With recent developments of autonomous
vehicle technology, the concepts presented in this paper may soon come to fruition in metropolitan
areas that want to relieve traffic congestion issues. The future of smart interactions between
infrastructure and individual vehicles may potentially increase efficiency of people's daily

commute.
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