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Abstract

Traffic congestion is one of the most important problems we face in our daily life. This
problem has a huge effect on economy and environment. The total of congestion cost in
America in 2010 reached to 101 billion dollar and it is expected to reach to 175 billion
dollar in 2020 [1]. Despite of many research in this field the problem still exists all over
the world.

The new domain for solving this problem is using agent based technology, which can
model the traffic network as agents, these agents can communicate, cooperate to achieve
the optimal performance of the network.

Our thesis proposed a solution for this problem based on agent technology. We use
various agents in our model which include lane agent, vehicle agent and traffic light agent.
We use lane agent for every lane of the network to compute the weight of the lane and
send it to traffic light agent. This weight depends on a new model called horn model. The
horn is the sound produced by vehicles to give an indication that green sign is needed,
this sound increase with waiting time and decrease as the distance of waiting vehicles
from traffic light increase.

Iraffic light agents use the congestion factor and weight it receive from lane agents to
optimize traffic light signal. Optimization is done by giving the needed time for every lane
according to the number of waiting vehicles and to keep track of the waiting time of other
vehicles in other lanes by using lane weight. This solution can give a dynamic cycle time
according to real time traffic data. Route guidance system based on congestion factor is

used also to stop sending vehicles to congestion area. Traffic light agents communicate to
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solve the congestion in specific junction by reducing the amount of vehicles sent to that
junction and increasing green time of congestion lane.

We use simulation to evaluate our model. We compare our model with fixed traffic
light timing and ANT colony optimization algorithm used to solve road congestion. Qur

model give the best results under various traffic light condition.
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Chapter 1

Introduction

Every day we face the problem of traffic jam at different points of the traffic network.
This problem gets worse as the number of cars and population increase. The Technical
Report of The United Nation Population Fund showed that more than half of the worlds
population around 8.8 billion people live in an urban area and the balance of people
continues shifting to the cities [3]. This cause traffic congestion in urban cities to become
a challenging problem. According to the 2011 Urban Mobility Report which is issued by
the Texsas Transportation Institute [1] American in urban areas had to drive 4.8 billion
hours more because of traffic congestion. Furthermore, an extra of 1.9 billion gallons of
fuel were consumed. The total congestion cost in 2010 reached to 101 billion dollars. The
report expected that in 2015 national congestion cost will grow from 101 billion to 133
billion dollars and 175 billion dollars in 2020. The delay will grow from 4.8 billion hours
to 6.1 billion hours in 2015 and 7.7 billion hours in 2020.

The other side of this problem includes social problems, environmental pollution,
health problems, stress and other which may not be limited.

Many researchers work to solve congestion problems, and many strategies have been
examined. The new domain for solving congestion is to develop an agent based traffic
management system to cooperate and coordinate to solve congestion problems. In our

research we review the problem of road traffic congestion by studying the research papers
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in this field, this literature review give us a good understanding of the reasons behind
traffic congestion. We developed a simulation model using Netlogo simulation platform,
this simulation model traffic flow for two junctions. We first use this model to under-
stand the factors that cause traffic congestion. Then we use simulation to examine many
solutions for traffic congestion and compare it with existing techniques.

Our solution depends on modeling traffic network as agents, these agents can commu-
nicate, coordinate and cooperate to smooth the movement of vehicles across the network.
In our model we suppose that vehicle agent can give its position and speed in real time
to lane agent. Lane agent is responsible for estimating the weight of the lane using horn
indicator. This horn depends on the waiting time vehicles spent in the waiting queue; we
suppose that waiting vehicles honks while stopping in the waiting queue, this horn sound
increases with waiting time and decreases with distance.

The traffic light agent receives the weight and the congestion factor for every lane
from its agent. The congestion factor is used to estimate the green time needed. Traffic
light switching takes place if the green time given to specific lane is completed or the
weight of other red light lane reaches to specific threshold. Traffic light agent coordinates
to stop sending vehicles to congested intersection and to increase green time in a specific
direction. Also, lane agents can communicate with vehicle agent to inform it of congestion

route and ask it to reroute

1.1 Thesis Contributions

This master thesis, proposes a new study of road congestion factors presented in chapter
3. During our study of road congestion factors we focus on accidents, traffic flow, working
zone and poor traffic light timing. According to our study we classify road congestion
factors into two categories: fast impact congestion factors and slow impact congestion

factors.

We propose a new model for optimizing traffic light signal called horn model presented
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in chapter 4. This model can optimize traffic light signal depending on vehicles waiting
time and vehicle count. The horn model is taken from the idea of using horn sound as
indicator. In our model we use vehicles waiting time and distance for generating this
indicator. traffic light agent use this indicator with waiting vehicle count in optimizing
traffic light signal.

We also present a new agent based model presented in chapter 4 for solving the prob-
lem of road congestion. We use three agents(vehicle agent, traffic light agent and lane
agent). We identify how these agents cooperate and communicate to solve the prob-
lem of road congestion and how they use the horn model to optimize traffic light signal.
The effectiveness of the developed horn model combined with the multi-agent system are
evaluated in chapter 5 on a two junctions using Netlogo simulation.

We compare our algorithm performance with two previous traffic management systems
which is fixed control plan and using the idea of an ANT colony to solve the problem of

road congestion [4]. We simulate these two solutions and we compare our algorithm with

these two models.

1.2 Thesis Organization

Chapter 2 provides a literature review of the thesis. Chapter 3 provides a study of conges-
tion factors that causes traffic congestion, which is extracted from literature review and
from our simulations. Chapter 4 describes the design of our agent based traffic manage-
ment system which is depending on horn model. Chapter 5 summarizes our simulation

and results. Chapter 6 gives a brief conclusion from our study.




Chapter 2

Literature Review

In recent years, there has been a fast growing interest in solving the problem of road traffic
congestion as this problem has a huge effect on the economy. This problem is complex,
geographically distributed and dynamic. This chapter reviews the various techniques
researchers used in solving the problem of road traffic congestion.

In section 2.1 we present the various existing traffic congestion management tech-
niques, this includes the various models used in collecting traffic data and the optimization
techniques used in optimizing traffic light signal. we also review the route guidance sys-
tems. In section 2.2 we review the principle of agent and how it is used in transportation

domain.

2.1 Existing Congestion Management Techniques

The traditional way in controlling traffic light signal is to give a fixed cycle time for the
whole intersection and to divide this cycle between the lanes of the intersection according
to historical volume. This way does not take into account the changes of traffic flow in
real time.

Existing techniques in solving road congestion involve collecting real time traffic data

and optimizing traffic light signal according to these data. Route guidance systems also

built depending on real time traffic data.




CHAPTER 2. LITERATURE REVIEW

2.1.1 Collecting Real Time Traffic Data

Various monitoring systems are used to collect real time traffic data, these systems include:
Sensors

Sensors are widely used to monitor road traffic network [5-10]. In [7] wireless sensors
is used to detect the sound of emergency vehicles(police, ambulance, fire brigade) and
to communicate wirelessly with traffic light control system, these sensors may confuse
different sounds and make mistakes. Sensors are commonly used at intersections to
estimate the queue length, this make sensors limited to give a global view of the network
or predict the future traffic data. If we want to wider the area which is covered by sensors,
we need to install a large number of sensors; this will become expensive to install and
maintain. In [5] 4-sensors are installed in the waiting queue to calculate the amount of
waiting vehicles. These sensors are distributed at different distances from traffic light
signal and every sensor is given different weight according to its distance from the traffic
light. Another sensor is installed in the destination lane to examine if it can receive more
vehicles. waiting queue sensors can give the number of vehicles in the waiting queue, but
1t can’t give the amount of time spent by each vehicle in the waiting queue. Our approach
will keep track of the time vehicles spent in the waiting queue, this will give aging to low
flow lanes.

Two indicator loops are used in [9] to monitor the queue length of the intersection, the
first is installed at stop line and the other is 120 meters away from the intersection; this
can monitor 20 waiting vehicles. Traffic light timing is controlled according to sensors
reading. Queue length is estimated in [11] using two inductive loops and its reading is
sent to fuzzy control to adjust traffic light timing. If we divide the traffic light cycle
time between different lanes according to inductive loops reading, we can’t deal with the
changes that occurred in red light lanes traffic data after the green time is completed.

Our approach will use a dynamic cycle time at real time. Every time we want to give

green time, we will compute the new cycle time and green time.
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Radio Frequency Identification Technology(RFID)

The RFID reader is installed beside the traffic light to detect the vehicles which have
RFID transmitter [5,12, 13]. Some techniques suppose that RFID transmitter is installed
in every vehicle [12], others install RFID tag in emergency vehicles only [5].

GPS Monitoring System

Global positioning system (GPS) is a system that can receive its position from different
satellites. A GPS receiver can give its three dimensional position if it receive its position
from four different satellites. GPS system can calculate its speed and direction once it
receive its position [14]. GPS tracking is a new technology to monitor traffic data, if
we install a GPS tracking device in vehicles, this device can give the position and speed
of the vehicles in real time. From this information we can know the real time traffic
data [4,15-18]. In [17] GPS tracking module is installed in every vehicle in the system
to collect real time traffic data and send these data across the GPRS network to control
station to decide the charge of the road segment. In our model, we also suppose that
GPS tracking module is installed in every vehicle and we use the GPRS network to
communicate with these tracking modules. The use of GPS tracking can reduce the cost
of installing and maintenance of sensors in every lane and it can give a global view of

traffic network. This technology is also available in mobile phones, which could be used

as tracking devices.

Intelligent Car

In [19] intelligent car is used to collect data about the other cars around it such as
acceleration, deceleration and speed. These data is used to influence the speed of the
rest of the cars. Some vehicles have wireless capabilities to send its speed and location to
traffic light, traffic light will send these data to a centralized server which will compute
the congestion degree of every segment of the network. Congestion degree is sent back

to vehicles. which will use it to choose the suitable route [20]. Intelligent vehicles can
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communicate with each other, vehicle to vehicle communication is used in [21]. Intelligent
vehicle estimates the driving time it spent and compare it with ideal travel time to compute
the congestion factor of the lane. This congestion factor is sent to vehicles in the same
region, these vehicles will use it to choose the best route. To use intelligent cars we need

to install large number of these cars in traffic network, this solution is very expensive and

hard to implement.

2.1.2 Optimizing Traffic Light Signal

According to Urban Mobility Report [1], one of the seven causes of traffic congestion is

poor traffic light signal timing. Various techniques have been used to optimize traffic light

signal which includes:

Queue Length Optimization Techniques

The monitoring system is used to detect the length of waiting vehicles in the waiting queue,
this length is used by traffic light to give the appropriate green time for each lane in the
intersection [18,22,23]. In [18] the queue length is estimated from the data extracted
from GPS tracking devices installed in every vehicle. Longest Queue First Maximum
Weight Matching(LQF-MWM) is used for scheduling signal at an isolated intersection.
This algorithm also gives the highest weight to some vehicles like ambulances. Longest
queue first may cause low flow lanes to wait too long time, it does not take into account
the waiting time vehicles spent in the waiting queue. In [24] the count number of red
light cars lane is used to optimize the traffic light signal. If this count reaches to specific
threshold, green light is given to that lane. Minimum green time is added to prevent
switching before that time. This technique will also force low traffic flow lanes to wait
too long time. In our solution we will optimize traffic light signal according to real time
queue data and we will use waiting time as an indicator which must be limited. If this

waiting time is exceed specific threshold, green signal must be given to that lane.
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Fuzzy Logic Optimization Techniques

Fuzzy control is used by many traffic light control devices [7,8,11,12,25,26]. In [11] fuzzy
control is a controller which receives measurements of incoming traffic and decide the
extended length of green time that must be added to assigned green time. Other traffic
light controllers use fuzzy to decide the green length [25]. The input to fuzzy controller
is the distance covered by vehicles and total free space between vehicles on the road,
the output is the length of green signal which may be very less, less, medium or large.
Research done in [26] presented the concept of main urgent lane and minor urgent lane.
Main urgent lane is the highest degree urgent lane which must take the green signal, the
other minor urgent lanes which are compatible with main urgent lane is given also green
signal. Fuzzy logic is used to compute the degree of urgent. The input to fuzzy is the
time of red signal, congestion degree and the number of vehicles that are waiting in the
queue; this number is extracted from two detectors installed in every lane. The output is
the urgent degree of red signal lanes.

Fuzzy control is used in [7] to minimize traffic flow on the route of emergency vehicles,
so that they can pass with their maximum speed and their collision avoided. This mini-
mization in traffic flow may cause other lanes to become bottleneck. Fuzzy control is used
also in [8] to optimize the traffic light signal. The input variables of the fuzzy controller
are vehicles waiting time and queue length, the output is the timing of traffic light signals.
Optimization of isolated intersection traffic light may cause other intersections to become
congestion. fuzzy control has a drawback that it does not coordinate between traffic light
signals. Agents can communicate and coordinate to achieve optimal network performance.

In our approach, traffic light agents will coordinate to achieve optimal solution.

Machine Learning Optimization Techniques

” An experienced taxi driver relying on his knowledge about the traffic change in different
time, can more easily find out more suitable path than the common driver” [27]. So

learning traffic light to take benefit of the historical data is a good way in optimizing traffic




CHAPTER 2. LITERATURE REVIEW

light signal. Back propagation neural network is used in [27] to expect the driving speed
in future. The input of the neural network s the driving speed at the same five minute
time of the week and the current driving speed in the current time period. The output of
the neural network is the expected driving speed at time (t + 1), this expected speed is
used to choose the optimal path with fastest driving speed. Depending on historical data
can’t give an accurate solution. Traffic data is dynamic and the speed of driving depends
on many factors. Our approach will depend on real time traffic data to choose the best
route.

Back propagation neural network is used in [23] to decide the amount of extended
green time to add to the current green time. The input to the neural network is queue
length and cycle length ratio, the output is the extended green time. In [28] a cluster of
the same historical data traffic demand is constructed, and an optimal traffic light plan is
calculated for each cluster. Current traffic flow is mapped to one of the historical clusters,
and its time plan is implemented. determining to which cluster the current traffic flow
belong is another problem. Neural network is used to determine the relationship between
traffic demand and their timing, input of the neural is the volume(vehicle per hour along
each approach), the output is the cycle length, splits and offset.

Using reinforcement learning can help in transportation domain. Reinforcement learn-
ing can communicate with the environment and estimate the reward from applying specific
control action [29]. In [29] three different states are examined, these states are the arrival
of vehicles at a red light, queue length and cumulative delay. The action is a variable
phasing sequence and the reward of the RL algorithm is the saving in the delay time.

The results show that Q-learning reduce the total delay by 36% compare with the fixed

signal plane.

2.1.3 Route Guidance Systems

Route guidance systems are classified into two categories according to [30] :
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Infrastructure-based route guidance system

These systems depend on the status of traffic flow in determining the best route. Some
systems are centralized which depend on centralized server to receive the real time traffic
data from monitoring systems and estimate the best route and send it back to vehicles.

Decentralized systems will depends on vehicles to decide its best route after receiving its

own monitoring data.

Infrastructure-less Route Guidance Systems

~ Without the need for infrastructure monitoring system, vehicles need a computer system |
which has maps of the road network, vehicles chooses its destination. The best route is
chosen according to static criteria such as shortest path.

Many ideas has been used in route guidance systems. Some route guidance systems
depend on server to estimate the fastest pass [13,27], this path is calculated depending
on data collected from RFID tag installed in vehicles. After estimating the fastest path,
server sends it back to vehicles [13]. Other servers compute the shortest path after the
driver choose his destination. Every shortest path has a fitness function depend on travel
time, congestion factor and fuel consumption. The path with best fitness function is
chosen by the server and sent back to vehicles [13]. Evaluating the shortest path according
to fitness function is a good idea because if we depend on the shortest path only, all vehicles
will take this path making it congestion.

Informing driver on congested route in real time can help them avoid stuck in congested
areas. Global System for Mobile communication (GSM) message is used in [17] to inform
drivers of congestion route. Congestion degree is used in [20] to choose the best route.
Centralized server receives the speed and location from vehicles equipped with wireless
capabilities, from these information servers compute congestion degree for every lane in
the network and send it to vehicles.

In [31] exploration ANT is used to travel through the network and gather information

about possible routes. The best route is chosen according to route length, fuel consump-

10
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tion and total travel time of exploration ANT. These ANTS is modeled in [4] as vehicles,
these vehicles are equipped with GPS tracking device which can give the exact position
of every vehicle in the network. The number of vehicles in every lane is used to calcu-

late the congestion factor which is the same as pheromone concentration, this pheromone

concentration is used to choose the best route.

In our model, congestion factor is used also to ask drivers to change their route at
specific locations. If some lane has high congestion degree we need to stop sending vehicles
to that location. This will help in reducing congestion. For some drivers, this solution

may force them to take longer lane, but we concentrate on the benefit of the overall system

not a specific vehicle.

2.2 Agent Technology in Transportation Domain

2.2.1 Agent Technology

7‘Agent is anything that can be viewed as perceiving its environment through sensors
and acting upon that environment through effectors”’ [32]. This agent can take its own

decision without any help from outside [33].

2.2.2 Agent Properties

From the definition of agent we can understand many properties of the agent which
includes:
1. Autonomy: Agents ability to control its behavior according to its knowledge with-

out any help from outside [34-36].

2. Responsiveness: The ability to quickly respond to the environment and other

agents. The response is faster than fastest change in the environment (34, 37].

3. Social Abilities: Interact, collaborate and communicate with other agents or hu-

man (34, 37].
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4. Learning: The ability to assess its action and learn from errors [34].

5. Collaborative: Agents collaborate with each other to achieve a global goal [37].

2.2.3 Agent Classifications

Nwana [38] identify six types of agents:

1. Collaborative Agent: This will help agent to solve too large problems. It allows
multiple systems to connect and operate with each others, also it can help in gath-
ering distributed information in a heterogeneous network. Collaborative will give

us the ability to take the benefit from distributed systems.

2. Interface Agent: Support user who uses complex applications. This agent learns

what the needs of the user and change its interface according to user needs.

3. Mobile Agents: They are intelligent software that can travel across the network
and perform specific task for the user and return back to the used with the needed
information. This way of communication can reduce the cost of communication and

coordination and it can give a new way in the design process in general.

- 4. Information Agent: Collect information from many distributed environments and

make desired manipulation of this information according to user needs.

5. Reactive Agents: They respond in a stimulus response manner to the present

state of the environment in which they are embedded.

6. Hybrid Agents: It is a combination of two or more agent philosophies. These

philosophies include mobile philosophy, collaborative philosophy, interface philoso-

phy, etc.

12
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2.2.4 Multi-Agent System

Multi-agent systems (MAS) is a distributed system that consists of a number of au-

mous icati ot pe
tono agents, communicating, coordinating and cooperating with each other in a

heterogeneous environment [35].

MAS Architectures :
According to the literature [35], four main MAS organizations exist:

1. Hierarchical MAS : in which agents communicate according to a hierarchical
organization. The disadvantage of this architectural type is the reduction in au-
tonomy of individual agents, as the lower levels of the MAS depend on the higher
levels. However, this architecture could reduce the required communications as well

as individual agent complexity.

2. Flat MAS : where any agent may interact with any other agent in the MAS.
These provide the greatest autonomy, but could result in extensive inter-agent com-
munications. Moreover, agents in a flat MAS must either know the agent identifier
number of all agents that they need to interact with, or be provided with location
mechanisms such as white and yellow pages services. In our model we use this

type of architecture, all the agents can communicate with each other using GPRS

network.

3. A substitution MAS : is a system in which agents are themselves made up of
other agents. In this system, the subsumed agents are completely controlled by the

containing agents. The fixed structure of a substitution MAS provides efficiency

but restricts the flexibility of the system.

4. A modular MAS : is comprised of a number of modules. Each module is typically

flat. while inter-module communications are relatively limited..
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Characteristics of multiagent systems

What are the fundamental aspects that characterize a MAS and distinguish it from a

single-agent system? One can think along the following dimensions:

1. Agent design : In multi agent system the design of the hardware and software will

change because of the communication between agents. Sometimes these agents are
heterogeneous, this will lead to more complex design. Dealing with the environment

will change in muli agent systems, the environment will become dynamic because

of the multi agent changing.

2. Perception : Contrary to single-agent systems, the control in a MAS is typically
distributed (decentralized). This means that there is no central process that collects
information from each agent and then decides what action each agent should take.
The decision making of each agent lies to a large extent within the agent itself. In
single-agent systems we typically assume that the agent knows its own actions but
not necessarily how the world is affected by its actions. In a MAS, the levels of

knowledge of each agent about the current world state can differ substantially.

3. Communication : Interaction is often associated with some form of communica-
tion. Typically we view communication in a MAS as a two-way process, where all
agents can potentially be senders and receivers of messages. Communication can be

used in several cases, for instance, for coordination among cooperative agents or for

negotiation among self-interested agents.

4. Control : Contrary to single-agent systems, the control in a MAS is typically
distributed (decentralized). This means that there is no central process that collects

information from each agent and then decides what action each agent should take.

5. Knowledge : In single-agent systems we typically assume that the agent knows

its own actions but not necessarily how the world is affected by its actions. In a

MAS. the levels of knowledge of each agent about the current world state can differ
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substantially. In a MAS each agent must also consider the knowledge of each other

agent in its decision making.

2.2.5 Modeling Transportation domain As Agents

To solve the complex problem of road traffic congestion, researchers using agent technology

in this field divide the problem domain into different agents.

‘Vehicle Agent

This agent can give driver behavior, driving route, driving speed and other information of
moving vehicles [5,7,12, 19,39,40]. It can receive information from outside across receiving
devices, and sometimes it can send information across communication devices. From the
speed of the vehicles, this agent can know the kind of the drivers(impulse-type, normal-
type and careful type) and driving intention(emergency or non-emergency) [39]. Vehicle
agents are equipped with devices to help in collecting traffic data or communicating with
other agents. Radio Frequency Identification(RFID) is used in emergency vehicles to
send a signal to RFID reader installed beside traffic light to inform it that emergency
vehicle need to pass the intersection [5]. This RFID tag is installed in every vehicle in [12]
and two RFID readers are installed in every lane of the traffic light. Three emergency
vehicles(ambulance, police, fire brigade) in [7] are equipped with GPS navigation system.
Drivers has to put their destin.ation on this system before driving. Other agent vehicles

are equipped with GPS tracking device which is used to collect real time traffic data [4].

Lane Agent

This agent registers vehicle agent when entering the lane. The traffic light agent can use

these information’s for adjusting traffic light signal and informing other vehicle agents

of congestion roads [39]. This agent uses different technologies to collect traffic data

including sensors [5-10], image tracking system [41], and RFID readers [5,12].
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Traffic Light Agent

When dealing with different traffic lights as agents, they can communicate and cooperate

with each other and with other agents like vehicle agent, lane agent and agent coordinator

to achieve optimal performance of traffic lights. In [6] traffic lights agents cooperate with

each other through messages. During traffic Jam, the traffic light agent will send message
to previous traffic light to stop sending vehicles to it (switch to red light) and ask the
adjacent traffic light after it to open green signal. This will reduce traffic congestion. In
our model we use this criteria in coordination between traffic lights. In emergency cases
traffic light agent will switch from a normal state to prioritize state if an emergency vehicle
is detected in the radius of traffic light. After the emergency vehicle is passed, the state
is returning to normal. If lane occupancy is high, this state is changed to incoming [31].

If congestion occur, many cars will try to pass the intersection at green time. Estimat-
ing the average time between vehicles that pass the intersection during green time is used
in [12] to detect traffic congestion. If there is congestion, a new configuration of traffic
light is accomplished taking into account not affecting other roads. Maximum green time
is given to congestion lane to solve the problem. If the problem still exist after that time,

the cycle time is changed to the maximum allowed cycle time.

Intersection Agent

- The intersection agent is used to optimize traffic light signal after receiving traffic data
from monitoring systems. If the problem still exist after optimizing traffic light signal,
intersection agent will communicate with neighboring intersections for help [8]. Neural

network is used in [2] to decide the amount of neighboring intersections to cooperate in

solving congestion.

Area Agent
Area agent is used to reduce the waiting time of vehicles passing through a group of

Intersections. In [9], area agent is used for a group of intersections with the distance
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between them is less than 1000 m.

Agent Coordinator

Optimizing single intersection signal may send a huge amount off vehicles to other inter-
section which will become bottleneck. So coordination between different traffic lights is
needed. Agent coordinator is responsible for giving the optimal plan which will make the

movement smooth for all the intersections. In [2] agent coordinator will receive the local

control action from intersection agent where congestion occur and determine all other in-
tersection agents that may affected by the action taken from specific intersection. Agent
coordinator will communicate with affected intersection agents by the action taken by
the congestion intersection agent, and give it the influence rate. The influence rate is the
percentage change that may happen to traffic flow after changing the plan of traffic light
signals of congestion intersection. Finally, the coordinator agent will calculate the global

control action of all the network see fig. 2.1.
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Figure 2.1: Agent Coordinator [2]

117




Chapter 3

Road Congestion

”‘Road congestion is a general phenomenon when capacity of an infrastructure is ex-
ceeded”’ [42]. In this chapter we try to understand the phenomenon of road congestion.
We first review various studies to collect the factors that cause congestion and to examine
various solutions introduced in these studies. Then we built a simulation model in Netl-
ogo to deeply study some factors of traffic congestion and to use this model to examine
various new solutions for this problem.

This chapter is organized as follows: in section 3.1 we review the factors of road
congestion which is collected from literature review. Section 3.2 introduce the impact of
road congestion on economy, social and environment. In section 3.3 we present the study

we done on road congestion factors using simulation, we classify the studied factors into

two categories: fast impact factors and slow impact factors.

3.1 Road Congestion Factors

According to urban mobility report [1], there exist seven sources of road congestion:

1. Physical Bottleneck: This occur when traffic flow exceeds capacity. Capacity is

defined as the maximum number of vehicles that can travel across specific lane at

the same time.
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Traffi i : i
affic Incidents: Any even that disrupt the normal flow of traffic, these include

vehicles accidents or breakdowns

- Working Zone: Construction activities on the roadway. Some working zone pre-

vents the movement while others reduce road capacity.

- Weather: The speed of driving at bad weather decrease, this will slow the move-

ment and make congestion.
5. Poor Traffic Light Timing
6. Special Events: Like football game or demonstrations.

7. Traffic Flow: Traffic flow is dynamic, it is change from time to time. If traffic
light system can’t adapt to real time changing in traffic flow, congestion will occur.
The reasons behind increasing of traffic flow has many factors like the time students

leaving schools or employee leaving work.

These factors are related to each other, the occurrence of one factor may cause other
factors to occur. Bad weather for example may cause accidents, and high traffic flow may

also cause accidents because the vehicles become closer to each other.

3.2 Assessment of Congestion Effects

The effect of congestion can be broken down into three categories according to [42].

1. Environmental Consequences : Vehicles operating at low engine loads or idling

will produce more carbon monoxide(CO) and hydrocarbon(HC) emissions. This will

cause a high pollution for the environment.

2. Economic Consequences Estimating the cost of congestion is complex. Time
means money. Congestion will increase the time loss for people and cars. This will

increase fuel consumption and decrease the productivity of people.

19

—‘—




CHAPTER 3. ROAD CONGESTION

3. Social and e
Other Consequences : Visiting friends at greater distances need

lot of ti SR
& lot of time and money, this will reduce the social contacts. Also, in the tourist

sector we would .
assume changes due to congestion when some destinations at greater

distance would be visited less often.

3.3 Studying Road Congestion By Simulations :

It is hard to monitor the impact of congestion factors at various points in traffic network.
Simulation is a good facility which can monitor traffic network and addresses the impact

. of congestion factor on the speed and waiting time of vehicles. We developed a simulation

model in Netlogo. to study congestion factors.

3.3.1 Netlogo

Netlog is an agent based simulation environment. It uses a simple programming language
driven from logo. It give an easy interface which could be changed at run time. This
interface includes the use of buttons, switches, sliders and monitors. Simulation time is
measured in discrete ticks, and simulation speed can be adjusted with a slider above the
display. Netlogo can give outputs in the form of graph and variable monitors. Traffic

Grid as seen in fig. 3.1 is an example of sample models built in NetLogo [43].

3.3.2 Simulation Model

To understand the traffic congestion problem we built a simulation model using the Net-

logo simulation program see fig. 3.2, this model includes:
1. Two Intersections: Each intersection will receive vehicles from east and south

according to adjusted traffic flow.

2. Two Traffic Lights: These traffic light is installed at each intersection and are

adjusted using fixed timing.
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Figure 3.1: Netlogo Traffic Grid Model

Figure 3.2: Traffic Simulation Model
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. Vehicles: i ' :
ehicles: Vehicles will come from east and south] to the first intersection, and the

second intersection will receive vehicles from the first intersection (east) and south2.

Vehicles which reach itg destination is terminated from the system. Every vehicle

has a speed ranging from zero to speed limit,.

Speed: Vehicle maximum speed is adjusted to be 50 km/Hr this is mapped to
14 m/s, we suppose that every patch in Netlogo represents 14m and every tick

represents 1 second; so at maximum speed the vehicle will travel 1 patch/tick.

5. Waiting Time: Is the time vehicles spent having zero speed. Vehicles will stop
at a red light or if another vehicle stops in front of it. We define two variable of
waiting time. Wait1 represent the waiting time at the first intersection and wait?2

is the waiting time at the second intersection.

6. Traffic Flow: We adjust traffic low using sliders. 100% traffic low means that
1 vehicle will enter the lane every second. We define three traffic flow variables
(freq-east, freq-northl, freq-north2) which represents the three destinations where

vehicles flow.

7. Traffic Light Timing: We used fixed timing for traffic lights. Two sliders are used

to choose the suitable timing of every traffic light.

3.3.3 Traffic Congestion Factors

There are many factors that affect traffic situation. According to our simulations we find

that traffic congestion factor are divided into two categories :

Fast Impact Congestion Factors
These factors does not need a long time to stop the traffic and making it go slowly, it

includes:
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1. Traffic Accid : :
Cidents: Accidents Impact on road traffic are classified into different

categori i
ategories according to the place where it took place and the time it stops the

movemen : ;
ts of vehicles on the road. Some accidents stop the movement of vehicles

for a little of time (5 minute or 10 minutes). An example of such accidents is when a

car hit a e
person and no injured occur or when a car hit another car and no damaged

occur. This kind of accidents has a litt]e impact on traffic network. In fig. 3.3 Other

60000 -
50000 -
@
E 40000 i—u o
= waitl_without
2 30000 -
—— waitl_SM
200007 e TN e NS N = Vaitl_10M
J waitl_15M |
====waitl_30M
0 - : :
0 500 1000 1500
Time

Figure 3.3: Accident Near Intersectionl

accidents need the ambulance to come and in some cities the law force drivers not to
move cars on the road after the accident took place until the police come. This kind
of accidents will stop the movements of vehicles for 15-30 minute or more causing
congestion in that area to become very bad. In our experiments we make simulation
for 5, 10, 15 and 30 minute accidents. Also we change the place where the accident

took place to be between the two traffic lights, in the region of first traffic light and
in the region of second traffic light.

the accident took place between the two intersections and it is closer to the first in-
tersection. An accident occurs after tick 500. In this figure waitl_without represents

the waiting time at the first intersection without any accident. This waiting time

is used as reference to compare with it. Wait1 5M represents the waiting time if

an accident occurs and stops the movement for 5 minutes. Wait1_10M,wait1_15M,

wait1_30M represents the waiting time after accident stops the movement for 10
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Figure 3.4: The impact of accident at intersectionl on intersection?

minutes, 15 minutes and 30 minutes respectively. We see that if it continue 5 min-
utes it does not impact the waiting time on the first intersection, but as the accident

stops the movement more time, the waiting time (wait1) will increase on the first

intersection.

When the accident took place in the region of intersectionl, it will stop sending
vehicles to the next intersection. This means that the waiting time at the second

intersection will not increase see fig. 3.4.

If the accident takes place after the second intersection, waiting time will increase

at that intersection as the duration of accident increase see fig. 3.5.
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Figure 3.5: Accident after intersection2
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Figure 3.6: The impact of accident after intersection? on intersectionl

movement for 30 minutes, vehicles will reach the first intersection.

2. Traffic Flow: Congestion occurs when demand exceeds capacity. So as traffic flow
increase, the road network will become more congested. In fixed traffic light timing

strategy, traffic light can’t deal with the changes occur in traffic flow. Fig. 3.7 Shows
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Figure 3.7: The impact of increasing traffic flow on the first intersection

how the waiting time will increase in the first intersection when vehicles flow from
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This in -
18 Increase of traffic flow does not, have any impact on the waiting time at the

second intersection because in fix timing the first traffic light will keep sending the
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Figure 3.8: The impact of increasing traffic flow at the first intersection to the second
intersection

same volume of vehicles to the next traffic light see fig. 3.8.

Slow Impact Congestion Factors

These factors take a longer time to make the traffic congested. An example of such factors
i1s when students leave school. Vehicles will pass slowly in the region where students are
walking behind streets to avoid making any accident. This slow driving will begin to build
the traffic and as the time pass, the movement will go slowly making the overall network
congestion. There are many examples of slow impact congestion factors like bad weather,
oil on the road, hawkers and other factors. In our simulation we take two examples of

slow impact congestion factors: working zone on the road and bad timing of traffic lights.

1. Working Zone: If there are working on some lane in the road network and vehicles
can pass across that lane behind the working zone, the movement of vehicles will

be slow at that zone causing the traffic to build slowly. The impact of this factor

depends on the time of working on the road and the place where the working took
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intersection:
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Figure 3.9: The impact of working zone at the first intersection

(a) peak hour working zone: In fig. 3.9 we simulate our model for one hour
without working zone at high traffic flow(wait1_without_-WZ_high_flow) and we
use it to compare the change in waiting time after working zone(wait1-WZ_high_flow),
we see that the waiting time is increased because at high traffic flow vehicles
will build the traffic until it reach the first intersection. But the impact of
working zone on the second intersection will be higher see fig. 3.10 because the

work is done in the lane going to the second intersection.

(b) Off-peak hour working zone: If the traffic flow is low, stopping vehicles
will not reach the first intersection so the waiting time will not increase sce

fig. 3.9 (waitl_WZJow_flow), the impact of working zone under low flow on
the second intersection is higher sce fig. 3.10.

2. Bad Traffic Light Timing: Traffic light timing is one of the critical problems
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Figure 3.10: The impact of working zone at the second intersection

facing traffic engineer. Choosing the best time of traffic light is an optimization
problem which depends on many factors which includes traffic flow, queue length,
waiting time, future flow expected and the situation of destination lanes. There are

two primary types of traffic signal control used in traffic light timing:

(a) Fixed Light Timing: This strategy gives a fixed green time for all the lanes
in the traffic. The time needed to complete service all conflicting traffic move-
ments is referred to as the cycle length. The signal timings and cycle lengths
may vary by time of day to reflect changes in traffic volumes and patterns.
During peak traffic periods for example, cycle lengths may range from 90 - 128
seconds to accommodate heavier volumes. During off peak times of day cycle
lengths are reduced as traffic volumes are much lighter and therefore not as
much green time is required to effectively service all movements. According to
our simulation, pre-timed signals could not be accommodated to changes hap-
pened at a traffic light. Traffic flow change from time to time, this makes one
signal plane suitable for a specific time to be bad for other times. Increasing

the time for specific traffic may not solve the problem fig. 3.11 shows that in-

i i iting time at that
creasing the green time on traffic one will make the overall waiting t1

intersection wait-

traffic to increase. The figure also shows that the adjacent
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Time

Figure 3.11: The impact of increasing the green timing of first traffic light

the waiting time of previous intersection. Fig. 3.12 shows that increasing the
timing of the traffic light at the second intersection will make the vehicles wait
more at that intersection, and if the flow is high from the first intersection
the waiting vehicles may reach the first intersection and stop the movement of

vehicles at that intersection.
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Figure 3.12: The impact of increasing the green timing of second traffic light on the

Previous intersection

(b) Actuated Traffic Light Signals: Actuated traffic light signal is a control
ctuate v

it i intersection to
strategy in which sensors are installed at waiting queues 11 the
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detect comin i :
g vehicles, the traffic light signal is adjusted according to sensor

reading. T i :
g The road with more vehicles will be given more green time. According
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Figure 3.13: Actuated Traffic Signal control

to our simulations, this strategy can give a better result than fixed timing at
isolated intersections. But in some cases giving long green signals in specific
direction may cause adjacent intersections to become bottlenecks.

As we can see in fig. 3.13 the first traffic light will give along green time to
vehicles going to the east, the second traffic light can’t give a long time in this
direction because south direction has also a high flow. In this case the waiting
time at the second intersection will become very high. This strategy can’t

coordinate between different traffic lights, which may result in a bad result for

the overall network.

3.4 Strategies to Deal with Congestion

There are many strategies to deal with road congestion these strategies includes:

1. Increasing Road Capacity: This includes adding additional lanes or redesigning

bottleneck [1].
2. Road Charging: Road charging is another solution for traffic congestion prob-

i [44] e department of transport creates the London congestion charg-
em : i 7
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ing research i .
g program in 1995, this research concludes that a congestion charge would

reduce congestion. .
g n. The number of private cars and trucks coming into central Lon-

don dropped 27% between 2002 ang 2003. Congestion has dropped an average of

30% since the start of charge in 2003 to mid 2005 [44]

i b 1 . i o
Public Transportation: Shifting people to use public transportation service

will help in reducing traffic congestion. The urban mobility report says that if

public transportation service had been discontinued and the rider traveled in private
vehicles in 2010, the 439 urban areas would have suffered an additional 796 million
hours of delay and fuel that would have been consumed would be an additional 16.8

billion, 17% increase over current congestion cost .

. Land Use Planning: To position facilities closer to people like employment, ed-
ucation and services. This can reduce car trip length and facilitate more walking,

cycling and public transport use.

. Traffic Management: The use of intelligent transportation system technology to

improve traffic flow and incident management.
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Chapter 4

Agent based Traffic management

system

Dealing with congestion is a sophisticated problem. Sometimes we can’t predict of the
occurrence of the congestion and also solving it if it occur is a complex problem. As the
number of cars entering road network increase every day, we need an intelligent urban
traffic management system. This system needs to collect real time traffic data and take
a decision to manage these data to avoid congestion.

In this chapter we’ll present an agent approach for congestion management which
efficiently manages traffic according to its current condition. Its aim to reduce the time
spent in driving. This is achieved by using agent technology. Our approach divide traffic
network into agents, each agent is responsible for specific tasks. Some agents collect
traffic data and other uses these data to optimize traffic signal or coordinate between

traffic signals and drivers. This solution casily to be implemented and it is a low cost

solution. There is no need any infrastructures at road network. The presented solution

can adapt in real time changing happened in traffic and can manage accidents in easy

imulator in Netlogo. We
way. In addition, we have developed an agent based traffic simulator 1 g

compare our model with two other different models.

This chapter is organized as follows: section 4.1 introduce the use of GPS tracking
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how we use the idea of horn mode] as an indicator which is used by traffic light agent in
optimizing traffic light signal.

4.1 GPS technology

In order to understand traffic condition, we need to collect real time traffic data. Tradi-
tional way uses sensors to collect these data. Sensors can’t manage the overall network
and its installation and maintenance is costly. Using Global Positioning System (GPS)
technology become popular in many fields and new cars and mobile phone is equipped
with this technology [4,15,16]. In our model we will consider that all the vehicles equipped
with GPS tracking device, this device can give the exact position of the vehicles and its
speed. From this information we can know the real time traffic data of every lane in the
network. Also, traffic light can know the volume of waiting queue and the time vehicles
spent waiting for the green light and it can predict the future income to traffic light.
The congestion factor of every lane is calculated using GPS tracking devices extracted

data. All GPS tracking device information is collected and sent to agents coordinator to

manipulate and manage these data.

4.2 Modeling Human Thinking

In the developing countries the use of a horn at streets is common. A traditional way in

urban management where traffic is not installed is to put a policeman at each junction

to manage the movement of vehicles. When drivers waiting time is increased, they honk

to inform the policeman that they wait a Jong time. The policeman gives more attention

to the lane where cars give more horn. As the sound of horn increase in some lane, the

DSl ives a green sign to that lane avoiding the noise which caused by waiting
an giv

vehicles pushing horn. Vehicles drivers push horn more and more as they wait for green
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SYSTEM

stop sending cars to congestion area. This is how human think in solving urban traffic

congestion problem. We can model this thinking using agent technology.

4.3 Agent Horn Model

In the previous model there are many agents which include vehicle agent, policeman agent,

police office agent. In our model we use agent coordinator, traffic light agent and vehicle

agent.

4.3.1 Vehicle Agent

This agent is equipped with GPS tracking device, which is responsible for collecting real
time traffic data. The GPS tracking system can give vehicle speed and the exact position of
the vehicle while traveling across the road network. This system consists of GPS modules,

Wireless communication based on General Packet Radio Service (GPRS) satellite modem
see fig. 4.1.

GPS Vehide Tracking System

GPS Satelita Central Tradking Locations

.E;' < GPRS Network

Figure 4.1: GPS Tracking System

8 (gua

The position of the vehicle is updated every 1 second(1 HZ). The recorded location
osi e
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coordinator using cellular (GPRS) radio or satellite modem embedded in the unit. Vehicle

agent make demand for green light. This demand is managed by the amount of horn sound

(horn indicator) and vehicle count. The vehicle which waits for green light must push the

horn. As it waits more, it will push the horn more and more. Also, the receiver of this
horn will receive higher sound as the distance of vehicle is closer to it, so horn indicator
increase with waiting time and decrease with distance. This horn indicator gives us an

indication of the amount of time spent in waiting queue and give aging to a low density

lane not to wait too many times.

4.3.2 Vehicle Horn

Horn is an indicator to inform the traffic light that green sign is needed. We use waiting
time as the source of this indicator. As the waiting time increase, this indicator is in-
creased. To achieve this we suppose that vehicles produce every second the same amount

of horn as its waiting time see eq.4.1
b = Wi (4.1)

Where :
i : represent the steps in second.

W : is the waiting time.

This means that horn given by vehicle after 1 second of waiting time is (h; = 1).

After 2 second (hy = 2). After 3 seconds (hs = 3 e (= n) The overall horn

produced by single waiting vehicle after t seconds of waiting time is the summation of all

horns from the first second till t seconds. (hy + hg + g + ...+ h;) this equivalent

to (1+2+3+ + t). The summation of numbers from 1 to t can be expressed as

eq. 4.2
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= 15, it is equivalent to (5 * (5 4 1))/2.

4.3.3 Agent Coordinator

In our model agent coordinator receive every second position and speed from vehicles
agents using GPRS network and it use map matching to identify to which lane this

vehicle belong and it estimate the following :

1. Congestion Factor(cf): Every lane has a congestion factor which is the sum of

vehicles in the lane divided by lane capacity see eq. 4.3

Current number of vehicles

Congestion Factor = (4.3)

Road capacity

. This congestion factor is sent to the traffic light agent. If it exceeds a specific

threshold, agent coordinator will communicate with vehicle agent to ask it to reroute.

2. Horn Indicator: From the speed of vehicles and position, agent coordinator can

calculate the time vehicles spent in the waiting queue of every traffic light; this

is the time with zero speed. As we said that horn increase with waiting time, it

also decrease with distance of vehicles from traffic light because it is a sound. So

to calculate the horn indicator we divide the horn amount of every vehicle by its

distance from traffic light see €q. 4.4.

(4.4)

Hindicator

&=

3. L Weight: This is the weight of the whole lane, which is the summation of
. Lane Weight:
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Where

H; : represent the horn indicator amount of i_th vehicle.

n : number of vehicles in the waiting queue that we estimate its horn.

Agent coordinator will communicate with the traffic light agent to give it the weight and
the congestion factor of every lane. This information is updated every 1 second. Agent co-
ordinator will communicate also with vehicle agent to inform it of congestion lane and ask
it to reroute. Reroute is decided depending on destination congestion factors, if the des-
tination congestion factor exceeds a specific threshold; agent coordinator will ask vehicle
agent to reroute at specific junction. All the communication between agent coordinator

and vehicle agent or traffic light agent is achieved using GPRS wireless network.

4.3.4 Traffic Light Agent

The traffic light agent is responsible for optimizing traffic light signal and communicating
with other traffic light agents and agents coordinator. The policeman gives the green sign
according to what he hears (horn sound) and what he see (vehicle count ). In our model,

When a traffic lights agent wants to give green time to specific lane it compute the cycle

time needed to service all vehicles in all directions, this time is the time needed for a

j - : icles in the waitin
single vehicle to pass the intersection multiply by the number of vehicles in the waiting

queues of all lanes of the intersection see eq.4.6

=1

Where

i: represent the lane number.

S




CHAPTER 4
AGENT BASED TRAFFIC MANAGEMENT SYSTEM
T : is the time needeq to pass the intersection

N :

number of vehicleg in all lanes of the intersection

C : Cycle time.

The green time is given according to eq.4.7

@t O
) ?:1 el F & (4.7)

Where

n : is the number of lanes in the intersection.

C : is the cycle time.

cf: is the congestion factor.

After giving a green sign to specific lane, traffic light agent will receive weights of other
red light lanes from its agents coordinator. If the weight reaches a specific threshold or

the green time is completed, green light is given to that lane see eq.4.8

IF Weight > T, then give green light to this lane. (4.8)

This optimization strategy gives a dynamic cycle time according to real time traffic
data and give each lane the needed time taking into account other lanes not to wait a

long time by keeping track of the lane weight which is driven from waiting time.

4.3.5 Agents communication

During travel time, vehicle agent will keep sending its position and speed every second

to agent coordinator using GPRS network. Agent coordinator will use map At

to identify to which traffic light agent this vehicle belong and it estimate the congestion

factor and lane weight for every Jane. This information is sent every second to traffic light
tor of the lane exceed specific threshold, agent coordinator will
cto

agent. If the congestion fa . :
e to all the vehicles in the lane. Vehicle agent will

send message of the congestion degre
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take & decision to choose another route if it i g

' can according to itg map. The communication

petween agent coordinator and vehicle agent is achieved using GPRS network

network.

Agent coordinator will send congest; ~ i

| . gestion factor and lane weight to traffic light agent.
Traffic light agent will calculate the cycle time and the green time using congestion factor
Traffic light agent will communicate with previous traffic light asking it to switch to
red if the congestion exceed specific threshold. This communication is achieved using
GPRS network. If accident took place in destination lane, the traffic light agent will stop

i vehicles to that lane; this wil Ccooperate in solving accident problem. Also traffic

light agent can communicate with adjacent traffic light to increase green time to help in

reducing congestion. The communication between agents is illustrated in fig. 4.2.

Traffic Light Agent
k
CEV/eight
Speed pos tion
i : PESSESS 4 Tracking inf. z Tracking inf.
Vehide Agent P GPRS Network i | Agent Coordinator GPS Database
3
CF Vieight
4
Traffic Light Agent Map loading Map Database
X )
Lane weight Congestion Facror

Figure 4.2: Agents Communication

4.3.6 Route Guidance System

i y t
Using GPS to choose the best route is common 1n traffic management system. Some route

i i ion factor [1],
guidance systems give the best route according to distance and the congestion factor [1]

NG t f
but in our model we will use route guidance for the benefit of the overall system not for

d for some drivers which force him to go to longer lane,
a

specific vehicles. This may be b . o
: ; ; i
but it is d to the overall traffic network which will stop sending cars to cong
VEry goo
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to reroute see eq.4.9

IF Con )
gestion Factor > R, then ask vehicles to reroute

(4.9)

Where R : s the congestion factor rerouting threshold
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Chapter 5

Simulations and Results

Agent based simulation can model the traffic road as proactive agents, these agents can
communicate with the environment and take its own decision. The traditional way in
simulation will model the traffic network as a global graph of queues with add or remove
rules [37].

This chapter is organized as follows: in section 5.1 we describes the experimental
environment we work on in Netlogo. Section 5.2 describes the two models we used as
benchmarking to compare our results with it. Section 5.3 explain the benchmarking

metrics which includes the average speed, waiting time and throughput. In section 5.4

we give our experiments and results.

5.1 Experimental Environment

In our research we implement our algorithm on Netlogo simulator. The traffic network

consist of two intersections with two traffic light signals, each intersection has two lanes

s maximum speed is adjusted to be 50

icks. In our model we choose to map 1 patch

km/hr. Netlogo
from east and south. Vehicle

represent the space as patches and time as t o
ed of 50 km/Hr
to represent 14 meters and every 1 tick to represent 1 second. The spe

s. this is mapped to 1 patch/tic

patch/tick2. Vehicles are terminated from

k. Vehicles acceleration
means that the vehicle travel 14 m/

Is chosen to be 3 m/s2, this is mapped t0 0.2
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Figure 5.1: Netlogo Traffic Model

Traffic flow and speed limit are adjusted using sliders. 100% traffic flow means that one
vehicle will enter the road every second. Our model aims to reduce the average waiting
time for the vehicles passing the two intersections. We divided the waiting time into two

metrics. Waitl represents the time spent at the first intersection and wait2 for the second

intersection.

5.2 Benchmarking

One of the famous benchmarks for traffic research is the GLIDE system. It is used by many

researchers [45-49]. GLIDE is the local name of Sydney Coordinated Adaptive Traffic

System (SCATS) which is widely used in more than 70 urban traffic centers in more than

i i ional and ANT Colony
In our research we will compare our results with fixed time traffic signal an

Optimization Algorithm.
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| 5.211 Fixed Time Traffic Light Timing

e del wi i
This is the model widely used in oy country. It depends oy assigni ifi
: ' ng specific time for
every lane in the traffic according to previoys traffic flow monitoring. We impl h
- We implement this

. tl .
model in Netlogo according to the same parameters for our model, Every lane is given a

fixed time and traffic flow could be changed using slider. We simulate this model using

different traffic flow and different timing of traffic light signals

5.2.2 Ant Colony Optimization Algorithm

Ant colony optimization algorithm is an optimization algorithm driven from the behavior
of ants searching for food. Ants use indirect communication between each other to help
in reaching for the food in an optimized time. Ants deposes pheromone in the path to
the food, this pheromone concentration in specific path is increased as the number of
ants using that path increase. After a short time the shortest path will have the highest
amount of pheromone concentration, this will attract all ants to use the shortest path.
In [4] pheromone is replaced with the congestion factor to determine the optimum path.
In this paper, vehicles are equipped with GPS tracking device, from this device we can
know the exact number of vehicles in each lane. The congestion factor is the number

of vehicles in a specific lane divided by lane capacity. This congestion factor is used to

calculate vehicle speed as seen in eq.5.1

Road capacity

' A (5:1)
Vehicle Speed = Congestion factor
i i)
From vehicle speed we can calculate the expected total travel time, see eq.d
Road Length (5.2)

Total Travel Time = W

al total travel time.

: he optim
The algorithm chooses the best route according to the Op
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5.3 Benchmarking Metrics

) [ Ny eva uation metri i
1 tri ve bee Includes:

5.3.1 Average Speed

It is the mean speed of all vehicles traveling on the network during certain period. It i
period. It is

used in [12,15,19],it gives an indication of the movement of vehicles across the network
T )

it is better to approach the maximum speed. In our simulation we compute the mean

speed after the end of each simulation.

5.3.2 Waiting Time

It is the time vehicles spent without meving (speed = 0), this time is the sum of all
stopping intervals at a traffic light or across the road. Sometimes it is indicated as the
total travel time which is increased as the waiting time increase as in [31], or as average
delay as in [9,12,50]. In our simulations we will divide the waiting time as wait1 and wait2
which describes the waiting time spent at the first intersection and second intersection.
We also use average waiting time metric which is the average time spent by every vehicle

this is calculated by dividing the overall waiting time by the vehicle counts see eq.5.3.

Waiting time

Average waiting time for every vehicle = el s (5.3)

9.3.3 Throughput

. . ll
The aim of every traffic management system 1S to increase the throughput of the overa

ersection, but this may

f the

: ot
network. Sometimes we can increase the throughput for single 1
i i the throughput o
make other intersection bottleneck. The challenge is to Increase gd s
i ing its destination
overall network which means to increase the number of vehicles reaching

ompute the total number of vehicles reaching
eC

In specific periods. In our simulation W oo
p cles count in the network this gives us

its destination and we divide it by the overall vehi
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e throughput of the system during a specific periog as indicated i 54
n eq.5.

Termi .
Throughput = erminated vehicles

R
Vehicles count (5.4)

5.4 experiments and results

In our model we try to explore the behavior of our algorithm under different conditions.
The varying conditions that we concentrate on are traffic flow and accidents which are
classified in our background as a fast congestion factor. Traffic flow varies from time to
time and in our model vehicles are coming from east, southl and south2. We examine
two kinds of traffic flow (high and low). In high traffic flow we generate 1000 vehicles
for each lane per hour, while in low traffic flow we generate 370 vehicles per hour for
every lane, this traffic flow data is taken from the manual count took place in bab ezqaq
in Bethlehem. This manual count is done by Dr. Musab shaheen in project funded
by USAID. As vehicles come from three different places (east,southl,south2), each place
has two probability of traffic flow (high or low). We need three different combination of
traffic flow, this will need (23 = 8) of experiments to complete it. The same experiments
under the same conditions are done for fixed traffic timing and Ant colony optimization

model. We simulate these two models to compare our results with it. Simulation is

is t tput. Horn
repeated 5 times in each experiment and the average value is taken as the outp

i i ific lane
Algorithm will use weight threshold for the traffic light to switch when speciic la

2 the destination
reach that threshold. Another threshold is the routing threshold, when the

i i itched to red light. For
lane congestion factor reaches that threshold traffic light 1s switche

i f we suppose that vehicle
vehicles, lane agent will contact vehicles and ask it to reroute. If we sup e
icle i ich is equivalent t
length is 4m and the safe distance between vehicle is 2 second whic q
i cle stop at it is 10m because
vehicles length(24m), the remaining distance of patch if a vehicle Stop
)

the safe distance We need another free patch. This
e

the patch length is 14m. To complete

of patches is
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choose two kinds of traffic ﬂOW(high and low)
ow).

In i A
Some experiments, traffic light will

receive high traffic flow(h
(h) or low traffic flow(L) from the two siq I
: ' 4 es. In oth i
traffic light will receive unbalance traffic flow from the two s d er experiments,
sides. This three t
ypes of

experiments will give an indicat;
tion of the performance of our algorith d
m under various

traffic flow. We also examine i i
ine if our model wil] solve the problem of accidents. th
ents, this is done

under high traffic flow situation.

Traffic flow is come from east and south to the first intersection and the i
tersection will receive vehicles from the first intersection and south2. Th .
of traffic flow(east,southl,south?2) is expressed in our experiments as lt;tterse z;ree -
letters (hhh) to donate that the traffic flow is high from the three flow l.anese u?; Zie
first lane receive high traffic low from east and low traffic flow from southl 'and th:
second intersection receive low traffic flow from south2, this is expressed as hLL in our

experiments.

5.4.1 Experiment.1

In this experiment traffic flow is high from all lanes. This means that the first intersection

will receive 1000 vehicles per hour from east and southl and the second intersection will

receive vehicles coming from the first intersection (east) and 1000 vehicle per hour from

south2. Fixed timing used 40 second cycle time for each intersection, this cycle time is

divided between the two lanes(20 second for each one). We simulate this situation for one

hour and we see that our algorithm (agent horn algorithm) give least waiting time for the

first and second intersection as we can see in fig.5.2 and fig.5.3 Our results show that our

m 16% more than ANT model and 97% more than fixed

than ANT model and 19%

econd for every vehicle than the

algorithm will speed-up the syste
more than a fixed

timing. The throughput is increased 7%

timing model. The average waiting time is reduced 64 s
n fixed timing model see ta

ble.5.1.

Waiting time of ANT model and 77 tha
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Figure 5.2: Traffic simulation of the three models for the first intersection under congestion
from east,southl,south2
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,
’
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150000 e
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e
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Figure 5.3: Traffic simulation of the three models for the
gestion from east,southl,south2
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Table 5.1: Results of

| the First experiment
Algorithm Av-Wait Av-Speed Throughput
Horn 152 40%

: 84%
Fix 229 13% 6572
ANT 216 249, %

5.4.2 Experiment.2

In this experiment traffic flow on the first intersection is high from the two lanes, this will

make the traffic light switch faster to handle the two lanes. The second intersection has

350000 - N
300000 -
250000 / /z'
200000
// -’ == ==horn-hhL-wait1
wait time 150000 —t

C4d
/// i e fix-hhL-wait1
100000 A

ANT-hhL-waitl

50000 o
0 /"

( 1000 2000 3000 4000

-50000

Time

Figure 5.4: Traffic simulation of the first intersection under congestion from east and
south

. . . th
low traffic flow from south (370 vehicle per hour) and it will receive a low flow from the

; i t waitin
first intersection. As we see in fig.5.4 our agent horn algorithm will have the least w g

. ongestion.
time, Coming after it ANT algorithm because it also uses reroute to solve cong

? : ine the best route and
Agent horn algorithm can reduce the waiting time by both choosing the
giving the optimal timing of traffic light signals.

: hout of the overall
The overall performance of horn algorithm 1nCreases e el

d
is 1 by 17% than ANT an
network by 6% than ANT algorithm and the speed is increased by

i this experiment.
32% than fixed timing. Table.5.2 show the detail results of this
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wait time
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Figure 5.6: ANT algorithm under no reroute chojce

Table 5.3: Results of the Third experiment
Algorithm  Av-Wait  Av-Speed Throughput

Horn 108 49% 85%
Fix 161 12% - 62%
ANT 135 29% 79%

5.4.4 Experiment.4

If the traffic flow is low, a reroute is not needed and what we need is a fast traffic light
switching. Our algorithm can estimate the needed time for every lane and optimize traffic
light according this time. Fixed timing will give more time than needed in low flow, so
m. Fig.5.7 shows that

our algorithm can give better results than a fixed timing algorith

horn algorithm will give the least waiting time table.5.4.

6000 -
5000 -

4000 -
= ===horn-LLL-waitl
pra e ANT-LLL-wait1

20005 orn e fix-LLL-waILL

wait time

w traffic flow

¢ simulation under lo

Figure 5.7 Traffi
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5.4.6 Experiment.6

Choosing the lane weight threshold for traffic light signal to switch
: ‘ Ch on it is anoth
(mization problem which needs more studies. In oyr algorithm. if d ligh er op-
; » 1L Tred hight lane weigh
reaches specific threshold before other lane completed their e T 1ght
: een time, switching

o green signal must take place. We examine many thresholds for weight switch
switching.
Fixed weight threshold:

Using fixed threshold for weight switching may be good in specific traffic flow e
a

for other traffic flow. As we can see in table. 5.5, when traffic flow is high at one lane

Table 5.5: Fixed weight threshold
Threshold Av-Wait-Lhh Av-Wait-LLL Av-Wait-hhh

30 144 4.9 198
100 151 5.8 184
150 153 6.3 181
200 142 6.4 193
250 163 5.7 185
300 138 i 194
350 162 6.5 194
400 105 74 185
450 LT 5.8 188
500 147 6 190

and low at the other lane, the threshold of 400 gives the best result of waiting time. This
threshold (400) is bad in another situation when traffic flow is low at the two lanes, a

threshold of 50 gives better results in this situation.

Congestion factor based weight threshold:

: : lanes and divide
In this threshold we take the cycle time of traffic light signal for the tWo

it by a congestion factor of red light lane see €q. 5-9-

Ciycle time (5.5)
ro b
Weight threshold = 7o estion factor
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gives petter results than fixed threshold. lanes. This threshold

see in table. 5. :
2 e can 6, depending on cycle time and congestiop ¢
5 ’ : 101 fact,
the average waiting time for vehicles. If the traffic e Or can reduce
» 1IXed threshold gives het
ter

results.

Table 5.6: Congestion factor based weight threshold

ey Av-Wait-Lhh  Av-Wait LLL,  Av-Wailip
congestion threshold 81 = ¥
Fixed threshold 105 4' . igS
: 1

Green time based threshold:

t(t+1)

The weight for single vehicle after t of waiting time is . If we suppose that single

vehicle must wait until the green time of another lane is completed, so the weight of this
Gtime(Gtime I 1)

2
We use this weight as a threshold. If one vehicle is waiting, it will not reach this

single vehicle is

threshold until other green lane signal is completed. If more than one vehicle is waiting,
this threshold will be reached before the green time of another lane is completed. This
green time threshold will give better results than the previous two thresholds as we can

see in table. 5.7.

Table 5.7: Green time based weight threshold .
Wait-LLL Av-Wait-hhh

Threshold Av-Wait-Lhh  Av-
7
Green time threshold 76 6.5 11128
congestion threshold 81 oe 181
Fixed threshold 105 49
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In our algorithm lane agent receive the waiting time from the first

' : (N) vehicles of the
waiting queue tO estimate the horn indicator, Iy this experiment, we S

; t to choose the
pest number of vehicles to estimate their horn indicator. We examine t

he waiting time
ander various traffic flows and with changing the number of vehicles that we estimate

their horn indicator. The best results are given when we take 6 vehicles and estimate

their weight see table. 5.8.

Table 5.8: The number of vehicles in waiting queue to estimate their horn indicator
Vehicles-count Wait-hhh  Wait-LLL, Wait-Lhh wait-hhL

211478 18321 127738 136534

206450 14788 119320 136274
208902 13855 113538 134280

207664 13317 110839 135510
202995 14450 107521 133622
194926 13431 105827 136109

214498 13806 121152 134864

g O Ut W N
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Chapter 6

Conclusion and Future work

6.1 Conclusion :

Many solutions for the problem of road traffic congestion are adopting agents in optimizing
traffic network and reducing the average time vehicle spent in the network. However, a
few studies give a global view of agents and how these agents can communicate and
cooperate in solving the problem of congestion. In this these, we present a solution for
road congestion which depend on both optimizing traffic light signal and communication
between different traffic lights and vehicles to cooperate in solving the problem. In our

solution, we optimize traffic light signal depending on the number of waiting vehicles and

the waiting time these vehicles spent in the waiting queue. We present a new model

called horn model, which use the idea of horn as an indicator that vehicles agent used to

inform the traffic light agent that it need a green signal. In this way traffic light agent

will cooperate with vehicles agent to decide to which lane to give green signal and how

long this signal should be.
Our results show that if we combine the number of waiting vehicles and the waiting
results than depending on

time in optimizing traffic light signal we will get a better
cases, traffic Jight can

affic light or inform t

t % solve the problem
he humber of queue vehicles only. In some

he drivers t0

se :
Parately. It may need to cooperate with another tT
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reroute.

le.6.1 it is clearl P
Y shown that the ney horn algorithm ;
M 1S more optimal

than fixed EIDXUNE and ant algorithm in all cases, and when traffic o :
OW Increase, the
) Power

of horn algorithm rises to handle the congestion problem The ;
. Speedup varies dye
to

traffic flow- As;the amount, of vehicles increase, the System becomeg
. more congested and

is reduced. It is clear in tabl
the speed is re e.6.1 that the new
ystem does not, op]
y beat the

h mparing the average waiting ti
old one when cOmpari & ¢ waiting time, but also th
) e throughput of th
e new

syste

R study show that depending on optimi

traffic flow will not solve the problem. We need t

m is better in all cases.

Table 6.1: Results of all experiments

Algorithm  Av-Wait Av-Speed Throughput

Fix-hhh 229 13% 65%
ANT-hhh 216 94% %
Horn-hhL 100 45% 85%

Fix-hhL 160 13% 63%
ANT-hhL 135 28% 79%
Horn-hLh 108 49% 85%

Fix-hLh 161 12% 62%
ANT-hLh 135 929% 79%
Horn-hLL 20 55% 87%

Fix-hLL 76 13% 64%
ANT-hLL 39 26% 79%
Horm-Lbhh 156 52% 87%

Fix-Lhh 9259 36% 84%
ANT-Lhh 257 36% 84%
Horn-LhL 78 52% 89%

Fix-LhL 160 48% 88%
ANT-LhL 162 51% 87%
Homlih . 5 63% 8%)

Fix-LLh 155 46% 287"
ANT-LER 163 43% g
HornLLL 6.8 96% gg?

Fise LT 97% (70
ANT-ILL 95% o
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CHAPTER g, CONCLUSION AND FUTURE WORK

by informing vehicles of congestion degree, ang Cooperate with g
ared

fferent traffic lights
i solving the problem.
i

.2 Future Work :

We introduce & €W model called horn model and we apply it on two intersections, For
future work, this model has to be simulated onto larger network to check its scalability.
We need to add another four intersections to check the communication and coordination
petween traffic light agents. In this case reroute will become more complex, other factors
e
has to be taken into account like traffic light status and destination congestion factor.
has
Coordination between traffic lights agents will become more complex because switching
d if destination is congestion may cause previous traffic light to become bottleneck.
to re
This model has to be evaluated using GLIDE benchmark because it is the most popular
is m
benchmark in this field. Our model deals with one alternative path, for future work
enchmar :
i i th
this model has to be evaluated using full map with many alternative paths and the
is
i flic light agent
omplication of using the best path has to be checked. In this model traffic light ag
5. i en light, this threshold could be chosen
use weight threshold for switching from red to gre , |
del focus on two factors of road congestion
using machine learning techniques. Our mode

ked in future work
hich are traffic flow and road accidents, other factors has to be chec
which ar

like working zone and bad weather.
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