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Abstract: The main aspects of the multi-agent system(MAS) were agent-oriented, combined with

formal program language Visual C+ +. A functional model of traffic system was constructed
based on MAS, and on the basis of MFC library of Visual C+ -+, the agent class that has the

basic functions of cooperation, communication and autonomy is also designed.
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0 Introduction

Traffic problems have been attracting an
increasing amount of intention. Many researchers
are interested in wusing modern science and
technology to relieve traffic pressure. But it is
difficult to resolve traffic problems because the
traffic system is a complicated, dynamical, non-

linear and stochastic one.
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Modeling and

approach which is valuable for tackling traffic

simulation constitute an

problems. Many traffic simulation systems have
been developed, such as UTCS-1, MISTRAN,
TJTS, etc. , most of which are object-oriented.
Object-oriented programming is the main method
used in simulation, but it can not handle intelligent
objects because of its lack of autonomy and

independence. In the traffic system, the driver-
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vehicle entities are typical intelligent objects that
can not be simply handled as objects.
The choice of MAS

basically from two observations. First, the traffic

technology derives

system is a complex system that involves a set of
distributed and interactive entities. Secondly,agents
have intelligence that can describe intelligent
objects. MAS approach is a new but promising
method for traffic simulation by which we can

develop intelligent traffic simulation software.

1 Construction of the MAS based
traffic model

The complex system can be divided into a
number of distributed, interacting, intelligent and
autonomous entities. Vehicles, roads, intersections,
bus/taxi stops, pedestrians, traffic signals and
traffic marks make up the traffic system.

MAS is now a mature technology used in the
domain of distributed and intelligent control. MAS
accords with the traits of a traffic system and is a
proper method for constructing traffic models.
With the theory of MAS, the traffic system is
divided into a set of agents that communicate and
coordinate with each other.

1.1 The functional structure of agents

For simplicity, we do not take pedestrians into
account., The traffic system can be divided into
several classes: vehicle class, road class, intersection
class, bus/taxi stop class, traffic signal class and
traffic mark class. Road class, intersection class,
bus/taxi stop class, traffic signal class and traffic
mark class only send their state information to
vehicles, so they can be regarded as information
agentst"'?,  Besides message-exchange, vehicle
class must act on the messages after the procedure
of intelligent deducing. So vehicle class can be seen
as smart agents "%/,

The construction of agent is based on the BDI

( belief, desire,
[3,4] .

intention ) models of rational
agents Belief stands for the current states of
the agent. Desire denotes the expected states of

agent under the stimulation from the environment

and other agents. Intention represents the actions
that agents take according to their aim and
messages obtained from the environment and is
realized by knowledge/rules base.

Knowledge/rules base stores the rules and
constraints that are the relationship between the
messages and actions. In the traffic system, one
message can trigger several actions. Sometimes,
one action needs several messages as the premise.
So there must be a complicated deducing procedure
to ensure the correct mapping between messages
and actions. In this paper, the mapping procedure
is realized by TriggerMethod() that is a section of
the program.

Autonomous  procedure  embodies  the
autonomy of agents that is the basic difference
between agent and object. Agents have their own
self-control mechanism while objects do not.
Autonomy enables agents to modulate their states
and actions according to messages and extend
tremendously the scope of objects. So autonomous
agents provide an effective means to simulate the
vital objects.

Message-exchange is the basis of cooperation
among agents. In the traffic system, there are two
types of messages: public messages and local
messages. Public messages(for example, the red/
green messages sent by traffic signal agents)impact
on all the vehicle agents and are exchanged via
blackboard architecture(BBA), a typical model in
the domain of artificial intelligence ( AI). Local
messages (for example, the messages of velocity
and position) sent by vehicle agents only impact on
their neighboring vehicle agents. For local
messages, BBA is still feasible. But local messages
are exchanged via message passing(MP)in order to
minimize costs. BBA is an indirect method to
exchange messages, but MP is a direct message-
exchange method among agents.

Fig. 1 shows the functional structure of agents
based on the BDI models of rational agents™'.
Autonomy, communication and cooperation are the

basic functions of agents. Agent is the extension of
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object and can be viewed as an autonomous entity
based on message-exchange and action-drive %,
1.2 MAS based traffic system model

As mentioned above, the agents fall into two
types: information agents and smart agents. Each
agent has the traits of autonomy, communication
and cooperation. Agents have their own resources
and action control mechanism, so they can make
decisions and take actions according to their own
states and messages obtained from outside without
external control.

The MAS-based

comprises many agents and has its own mechanism

traffic  system  model
of communication and cooperation. When conflicts
happen, these agents negotiate and coordinate with
each other according to predetermined rules,
criterions and ways, which is based on message-
exchange. In this paper, the MAS-based traffic
system model adopts distributed structure. Each
agent in the model is equal and has its own
resources, state information and results. So, the

whole goal and the mission of an agent can be

vehicle agent 1 road agent

vehicle agent 2

intersection agent

bus/taxi stop agent

blackboard

Jol

vehicle agent n traffic mark agent

-- direct message-exchange(MP)
—> indirect message-exchange(BBA)
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Fig. 2 Functional structure of MAS-based

traffic system model

achieved based on cooperation. Fig. 2 shows the
functional structure of the MAS-based traffic
system model.

For MAS, the core

communication and coordination. Communication

technologies  are

is the basis of coordination. Information agents
only communicate with smart agents via BBA.
Smart agents can communicate with not only
information agents indirectly but also other
neighboring smart agents directly. In Fig. 2, we

suppose vehicle agent 2 is next to vehicle agent 1.

2 Design of the structure of agent

Agent can be regarded as the extension of
object. With the help of the mechanism of
combination of classes used in object-oriented
programming ( OOP ), different agents can be
viewed as different classes and objects. We use
Visual C+ + 6. 0 as the develop environment.
Autonomy, communication and cooperation are the
basic functions of agents.

2.1 Realization of autonomy

The difference between agent class and object
class is that the construction function of agents
must have an autonomous process. The
autonomous process starts when an agent is
generated. So an agent can run by itself. The
autonomous process is designed as follows:

Virtual Void Agent Class: AutoProcess()

{BOOL HaveMessage;//define a variable to signify the

state of GetMessage()

HWND hWnd;

do

{ HaveMessage= GetMessage (
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LPMSG IpMsg, //content of the message
HWND hWnd, //handle of the window
UINT wMsgFilterMin, //the first message
UINT wMsgFilterMax //the last message
)5
if(HaveMessage= = true)
TriggerMethod() ;
BOOL PostThreadMessage(
UINT message,//ID of the message defined by
users
WPARAM wParam, //the first parameter
LPARAM IParam // the second parameter
)
} While ( conditions) ; //use the handle of thread as
the condition

}

Both GetMessage ( ) and PostThreadMessage()
are the self-contained functions of the Windows
operation system, GetMessage () gets messages from
the message buffer while PostThreadMessage ()
sends messages to the message buffer.

2.2 Realization of communication

The message buffer of the Windows operation
system is used as the BBA by which agents
communicate. As we know, no program can use
the message buffer directly. In order to use the
message buffer, two functions, GetMessage() and
PostThreadMessage(), are needed. Visual C+ +
provides us with the two functions.

Message-drive is a typical trait of programming
under the Windows operation system. A message
is an integer with the length of 16 bits. Different
All the

messages used by the Windows operation system

values stand for different messages.

are defined in the file named windows. h. We also
define our own messages in traffic simulation
After
RegisterWindowMessage (), these messages have

with  Windows

software. calling the function of

no difference messages. One
message stands for only one state. The structure
of messages are as follows:
MessageStructure
{BYTE MessageName;//name of the message
UINT MessageNumber; //ID of the message
HWND hwnd;//represents the window which receives

the message

HWND hwnd;//stands for the window which sends

the message

DWORD time //time at which the message was sent

BYTE Message;//content of the message

WPARAM wparam; //denotes the origin agent

LPARAM lparam;//represents the objective agent

}

The cooperation among agents is realized by
sending or receiving messages. For example, when
the traffic light turns red, the traffic signal agent
will send the message of red light to all vehicle
agents. Then each vehicle agent will take certain
actions after a deducing process.

2.3 The structure of agent

Information agents are simpler than smart
agents because they have no knowledge/rules base
and deducing procedure. But information agents
have an autonomous process and exchange
messages with BBA. Besides message-exchange,
smart agents must deduce on the basis of messages
and take actions. The following is the structure of
vehicle agents which belong to smart agents. The
structure is based on the BDI model and embodies
the functions of autonomy, communication and
cooperation.

class Vehicle: public CwinThread

{
DECLARE_DYNCREATE(Vehicle)
protected:

Vehicle() ;//construction function

public: //Belief—the current states, such as color and

type

COLORREF VehicleColor; //the color of the vehicle
agent

BYTE VehicleType;//the type of the vehicle
agent

public: //Desire—the expected states of the vehicle
agent
FLOAT

acceleration

ExpectantAcceleration; //expected

pUbliC:

// ClassWizard generated virtual function overrides
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//{{AFX_VIRTUAL(Vehicle)
public:
virtual BOOL InitInstance ( );//initialization of the
vehicle agent
virtual int ExitInstance() ;
// ) yAFX_VIRTUAL
protected: //Intension—represents the actions that
agent takes
FLOAT VehicleMoveA(
FLOAT VehicleAcceleration,
FLOAT VehicleCurrentAngle,
BYTE VehicleDriveCapacity
) //return the value of the acceleration
public:
virtual ~ Vehicle O);// destruction function
DECLARE_MESSAGE_MAP() //message mapping
}
CwinThread is the thread class in MFC. Each

object of the Class is a thread of the program. In
order to use the multi-thread technology in traffic
Vehicle Class takes the

CwinThread as its basic Class. The autonomous

simulation software,

process is placed in the construction function.

3 Simulation

On the basis of the MAS-based traffic system

model, we developed an intelligent traffic

simulation software of an isolated intersection
named 1TS1.

In order to test the effect of ITSI, we
developed another traffic simulation software
named TS1. The only difference between ITS1 and
TSI is that TSI is not MAS-based. The inputs of
the two simulation programs are the traffic
parameters of the intersection of Sanxiaockou in
Hefei(the capital of Anhui Province). The two
programs have the same inputs. Simulation time is
one hour. The results of the two programs and the
number of vehicles detected by the detectors are
shown in Tab 1. Fig. 3 shows the positions of the

four detectors. We can easily see that the

simulation precision can be improved by 10 percent
when using the MAS-based ITS].

Tab.1 Simulation results

position of detector 1 2 3 4

number detected by detector 1115 1283 829 432
results of non-intelligent simulation(TS1) 987 1429 733 494
results of intelligent simulation(ITS1) 1108 1310 815 441

improving amount/ %3 10.9 9.26 9.89 12.3

| 4

1 | 3

2 —

Fig. 3 The position of the detectors

4 Conclusion

In this paper, we established the MAS-based
traffic system model and constructed the agent

class that has the functions of autonomy,

communication and cooperation. The simulation

results show that the technology of MAS is
suitable for traffic simulation. The introduction of
MAS enables us to develop large-scale traffic

network simulation software with high precision.
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