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Abstract
Intelligent Transportation system for agent or multi agent systems 
have evolved and diversified rapidly and emerging as one of 
the powerful technologies for the development of large scale 
distributed systems to deal with the uncertainty in a dynamic 
environment. Parallel control and management have been proposed 
as a new mechanism for conducting operations of complex 
systems, especially those that involved complexity issues of both 
engineering and social dimensions, such as transportation systems. 
However, multi agent systems have yet to achieve widespread use 
for controlling traffic management systems. Since the introduction 
of modern control approaches, especially hierarchical control 
methods for urban traffic management problems, traditional control 
approaches based on functional decomposition have prevailed in 
both theoretical studies and practical applications
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I. Introduction
AGENT-BASED computing is one of the powerful technologies 
for the development of distributed complex systems [1]. Many 
researchers believe that agents represent the most important new 
paradigm for software development since object-oriented design 
[2], and the concept of intelligent agents has already found a diverse 
range of applications in manufacturing, real-time control systems, 
electronic commerce, network management, transportation 
systems, information management, scientific computing, health 
care, and entertainment. The reason for the growing success of 
agent technology in these areas is that the inherent distribution 
allows for a natural decomposition of the system into multiple 
agents that interact with each other to achieve a desired global goal. 
The agent technology can significantly enhance the design and 
analysis of problem domains under the following three conditions 
[3].

The problem domain is geographically distributed1. 
The subsystems exist in a dynamic environment2. 
The subsystems need to interact with each other more 3. 
flexibly. Over the last three decades, we have witnessed 
the initiation, development, deployment, and tremendous 
growth of Intelligent Transportation Systems (ITS) and 
their significant impact on our life and society. Today, 
transportation research and development is no longer a field 
dominated by civil, mechanical, operations research, and 
other traditional engineering and management disciplines. 
Rather, computer sciences, control, communication, the 
Internet, and methods developed in artificial intelligence (AI), 
computational intelligence, web sciences, and many other 
emerging information sciences and engineering areas have 
formed the core of new ITS technology and become integral 
and important parts of modern transportation engineering. 

However, we have experienced a few “road bumps” over the last 
few years in ITS research and applications, especially in relation 

to system-level traffic control and management. This can be 
verified from the distribution of papers which have appeared in 
the ITS flagship publication IEEE Transactions on Intelligent 
Transportation Systems (T-ITS). As indicated by recent analysis 
[1-4], of the four most active research topics that has emerged 
in T-ITS over the last decade, the two traffic-related topics (i.e., 
management and surveillance) led the trend before 2005 and were 
subsequently taken over by the two vehicle- and vision-related 
topics. The percentage of papers published on traffic-related 
research has dropped from 60.16 (2000–2004) to 22.34 (2005–
2009), while papers about the vehicle and vision have increased 
from 27.64 to 35.10 during the same time period. However, the 
situation has deteriorated in the last two years: of the 118 papers 
we published after 2008, only 24 were traffic related, and none 
addressed system level traffic control or management. Other 
publications were mostly focused on vehicle-related research and 
applications. While research and development (R&D) in vehicular 
technology is extremely important and useful, we must put more 
intensive effort into traffic control and management research as 
the urban congestion problem is becoming an increasingly major 
issue in social, economic, and environmental concerns around the 
world, from developed countries to emerging new powers. To 
overcome current “road bumps” and speed up the Research and 
Development (R&D) effort in traffic control and management, 
particularly at the system level, we need new thinking and a 
multidisciplinary approach.
Instead, we re-engineer a well known throughput optimal 
Scheduling policy known as the back-pressure policy and 
demonstrate that for certain representative topologies, its delay 
performance is close to the fundamental lower bound. Finally, 
we also present a case where neither back-pressure policy nor 
the shadow queue approach (proposed in [2]) are close to the 
lower bound. For this case, we design a new handcrafted policy 
whose delay performance is actually close to the lower bound, 
thus demonstrating that the lower bound analysis provides useful 
insights into the design and analysis of optimal  or nearly optimal 
scheduling policies.
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We now summarize our main contributions in this paper:
Using ASPA method for reducing hop count depending on • 
the delay analysis metrics
Development of a new queue grouping technique to handle • 
the complex correlations of the service process resulting from 
the multi-hop nature of the flows. We also introduce a novel 
concept of (K, X)-bottlenecks in the network.
Development of a new technique to reduce the analysis of • 
queueing upstream of a bottleneck to studying simple single 
queue systems. We derive sample path bounds on a group of 
queues upstream of a bottleneck.
Derivation of a fundamental lower bound on the systemwide • 
average queuing delay of a packet in multi-hop wireless 
network, regardless of the scheduling policy used, by 
analyzing the single queue systems obtained above.
Extensive numerical studies and discussion on useful insights • 
into the design of optimal or nearly optimal scheduling 
policies gained by the lower bound analysis

II. Related Work
In the past half century, control algorithms have been developed 
to run various industrial devices, including intersection traffic 
controllers. Normally, as the performance requirement increases, 
a control algorithm’s complexity and cost increase too. For 
example, to make a refrigerator behave intelligently with enhanced 
functions requires a sophisticated control algorithm demanding 
more memory space and more processing power, and thus higher 
cost. However, the age of connectivity will provide mobility that 
offers us the opportunity to control network-enabled devices with 
a new technology—agent-based control. This method decomposes 
a control algorithm into many simple task-oriented control agents 
distributed over a network, generally a wide-area network. Control 
agents that can be deployed and replaced over the network as 
operating conditions vary will run network-enabled devices. In 
this way, a network-enabled device can operate on a “control 
on demand” basis; that is, it will need to host only the operating 
agents, not all possible agents required for its operation. The idea 
is similar to that of “code on demand” in agent programming, 
which has been used successfully in many areas. The step from 
control algorithms to control agents is a natural development of 
control engineering in the age of connectivity. Control will become 
an independent entity instead of an affiliated function in system 
design. The development of a theoretical framework for agent-
based control systems will significantly advance knowledge of 
control engineering in this new age. It will also have a broad, 
significant impact on many real-world applications, especially for 
home automation, traffic control, and vehicle electronic systems 
or telematics. In such applications, real-time requirements aren’t 
extremely high, systems often have a long “resting” or idle period, 
and network connectivity is available or emerging. In agent-based 
traffic control management, a traffic controller becomes a traffic 
agent host where different agents reside at different times in 
response to different traffic conditions. Figure 1 illustrates this 
hosting mechanism. Unlike in a traditional control system, where a 
control algorithm is an integral part of an isolated device and must 
be responsible for the entire operation, a control agent in an agent-
based control system focuses on only a few specific operating 
conditions. Many simple task-specific control agents distributed 
over networks carry out the device’s operation. Default control 
agents reside in a traffic controller to ensure its basic operation 
and performance if connectivity isn’t available. For example, 
we can use fixed-time control strategies to construct the default 

agents. The controller hosts a number of executing

III. Proposed Model
Major challenges that roadway transportation faces are increasing 
traffic congestion, accidents, transportation delays, and vehicle 
emissions. The Texas Transportation Institute and the Texas A&M 
University System 2009 Urban Mobility Report [ presents detailed 
trend data from 1982 to 2007 for 439 urban areas in U.S. The 
report provides both local view and national perspective on the 
growth and extent of traffic congestion. According to the report, 
congestion costs (the cost of extra time and fuel) in 439 urban 
areas are increasing from $16.7 billion in 1982 to $87.2 billion 
in 2007. To address the current problems and meet the growing 
travel demand, the solution is either constructing additional 
conventional roadway infrastructure or applying new technology 
to efficiently and effectively use existing infrastructure. It is 
widely recognized, however, that the opportunities for building 
new physical infrastructure are decreasing because of increasing 
cost, environmental impact, and space limitations. ITSs are a 
promising solution to address the aforementioned problems. ITSs 
apply technological advances in computers, communications, 
and sensor technology to transform road transportation into an 
effectively managed, well-integrated, universally available, and 
affordable system. The information is the core of ITSs, and all 
ITS functions can be implemented
by efficient and effective use of real-time traffic information . 
The agent technology enhances interoperability and distributed 
computing capability of existing centralized information systems 
in ITSs. The distributed agent systems can combine information 
from multiple detection stations and systems, evaluate traffic flow, 
respond to traffic flow changes, and evaluate operational responses 
to traffic flow changes in real time. The integration of data from 
multiple detection stations and systems will help operations 
become more efficient by enabling a more comprehensive view 
of the environment. The distributed computing capability enables 
detection stations to cooperate with each other in a certain area to 
perform traffic information fusion, which will dramatically reduce 
the response time to incidents in emergency. Table II lists some 
of the agent applications in roadway transportation.

A. Traffic Management- Freeway
Logi and Ritchie investigate the interjurisdictional traffic 
congestion management on freeway and surface street (arterial) 
networks. Their system is composed of two interacting realtime 
decision support agents, i.e., a freeway agent and an arterial agent, 
for analysis of congestion and for generation of suitable responses. 
The freeway agent supports incident management operations for a 
freeway subnetwork, and the arterial agent supports operation for 
the adjacent arterial network. Both agents continuously receive 
real-time traffic data, incidentdetection data, and control status 
of the control devices on the network (signals, ramp meters, and 
changeable message signs). By performing an analysis of the 
input data and interacting with a human operator at their local 
Traffic Operation Center (TOC), each agent generates suitable 
local control plans, which are aimed at reducing the impact of 
congestion at a local level. The system provides a dialog facility 
through  a distributed user interface to allow operators at different 
TOCs to agree on the selection of a global solution. Van Katwijk 
and Van Koningsbruggen  propose an agent-based approach for 
the cooperation of traffic-control and management instruments. 
To improve traffic flow and provide safe and secure transport 
of people and goods, increasingly more traffic control and 
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management instruments are installed on highways. The increasing 
number of deployed instruments sometimes causes conflicts when 
control tools are applied in the same area. By modeling individual 
instruments as intelligent agents, the cooperation of traffic control 
and management instruments can be achieved by the cooperation 
of distributed agents in a multiagent platform. Weyns et al.  present 
an agent-based anticipatory vehicle routing approach to avoid 
traffic congestion. The individual vehicles are able to dispatch 
lightweight agents for exploring alternate routes and inform the 
road infrastructure about its travel intention. Rothkrantz  reports 
a distributed routing model of a personal intelligent traveling-
assistant system. The JADE agent platform is adopted in the 
system. Personal agents for each individual traveler communicate 
with the driver and the system to provide optimal advice to the 
traveler and update stored traffic information in the system.

B. Traffic Control in Urban
The increasing urban traffic jams have motivated researchers 
to study innovative control strategies to efficiently manage the 
movement of traffic in the urban area. Agent-based approaches
have been widely investigated in different areas of Urban Traffic 
Control (UTC), such as the UTC model intersection signal control 
bus fleet management  

Fig. 2:

Another noticeable agent application in the transportation domain 
is the multi agent approach to the construction of in a distributed 
agent-based, each distributed entity is controlled by a decision 
support agent. These distributed decision support agents collect 
and supply decision relevant data and provide reasoning services to 
analyze the meaning of this information. The further study of this 
approach leads to an abstract architecture for multiagent, aiming to 
provide design guidelines for this type of system. Type of agents 
in the abstract architecture is instantiated for two case studies in 
the domain of traffic management. Balbo and Pinson apply the 
multiagent methodology for the development of a distributed DDS 
for urban public transportation system management. In  the authors 
introduce an original interaction model called Environment as 
Active Communication Support (ESAC) to allow agents to interact 
directly, sending and receiving messages through logical filters 
of emission, reception, and interception. In, Balbo and Pinson 
present their approach of dynamic modeling of a disturbance 
process through a multi agent-based incident model. Through this 
model, knowledge relative to the network structure and knowledge 
relative to the network dynamics (stored in stop agents and in bus 
agents, respectively) are gathered to help human regulators in their 
monitoring tasks. The research works presented in and 

IV. Test Environment
We now demonstrate our methodology on a variety of examples 
shown in fig. The bottleneck sets in each example have been 
highlighted in the corresponding figures. We are implementing 
the ASPA method to optimality of the scheduling policies. We also 
support the lower bound with results obtained from the simulations 
of the back-pressure policy to show that the lower bounds are 
indeed useful. Not only does the lower bound serve as a rough 
estimate, but can also be used to gain understanding on the back-
pressure policy itself. Further, we also compare the performance of 
the back-pressure policy with the maximal policy we are showing 
our simulation work considering the result

Fig. 3: Test Result 

V. Conclusions and Future Work
Software agents and their applications in traffic and transportation 
systems have been studied for over one decade. A number of agent-
based applications have already been reported in the literature. 
These applications propose and investigate different agent-based 
approaches in various traffic and transportation related areas. 
The research results clearly demonstrate the potential of using 
agent technology to improve the performance of traffic and 
transportation systems. Most agent based applications, however, 
focus on modeling and simulation.
Few real-world applications are implemented and deployed. In 
general, the design, implementation, and application of agent 
based approaches in the area of traffic and transportation are 
still immature and need to be further studied. The integration of 
new technologies, such as mobile agent technology, should be 
considered to enhance the flexibility of systems and the ability 
to deal with uncertainty in dynamic environments.  However, 
more efforts are needed in both research and applications before 
concepts and methods in the ACP-based approach, in particular, 
the parallel system approach, including both parallel control and 
parallel management, can become well established, effective, and 
widely accepted in solving Real world complex problems. Clearly, 
the nature of many problems in transportation has made them 
ideal for testing, evaluating, and implementing those concepts and 
methods. The main purpose of this paper is to promote and call 
for more extensive discussion, investigation, and practices in this 
new and interdisciplinary direction within ITS communities
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