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Abstract: The aim of this study is to increase the road safety and the quality of the entire road network, especially in case
of congestion, accidents and jams, considering traffic information in real-time. Traffic crowding is a problem in most large
cities globally. It occurs when the capacity of the road is exceeded, that results in reducing the speed. It can be caused or
increased by various conditions like weather, road work, road traffic incidents. To deal with these problems, we developed
a Multi Agent System (MAS) for Road Traffic Decision Making. Accident avoiding systems are studied on the basis of
overall planning on how many types of accidents can happen and design a multi-agent system (MAS) structure and
intelligent and information processing mechanism based on the target detection and recognition are proposed. The multi-
agent operation process is analyzed deeply and designed in detail. In the specific agent construction, the information fusion
technology is introduced to define the embedded agents and their interrelations in the system structure, and the intelligent
processing ability of complex and uncertain problems is emphatically analyzed from the aspects of freedom and
collaboration. The aim is to avoid the accident as much as possible. Analyzed that when the relative angle between the
vehicles is greater than zero degree (when the vehicle is coming from the front) and when the relative speed of the vehicle
is negative then the collision will occur.
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1. Introduction involved.

A road traffic accident is any injury due to crashes
originating from, terminating with or involving a vehicle
partially or fully on a road. [3] It is projected that road
traffic injuries will move up to the third position by the
year 2020 among leading causes of the global disease
burden. There are millions of deaths from traffic
accidents each year, besides severe economic, social, and
environmental consequences.There are so many ways
that accidents can happen on the road. The most
unfortunate thing is that we are not learning from our
mistakes on the road. Most of the road users are well
aware of the general rules and safety measures while
traveling on roads but it is only the carelessness on part
of road users, which causes accidents and crashes. Main
cause of accidents and crashes are due to errors done by
humans.

Learning models and the second approach is the hyper
selective ensemble pre-learning model. The two
approaches are based on pre-learning models which are
training on the ImageNet dataset. These models are fine-
tuned to use on the brain tumor dataset. The best results
came from three selective models based on fine-tuning a
pre-trained which achieved a recognition rate of 97.77%.

Due to recent rapid urbanization, road traffic congestion in
many large cities and suburbs in the world has increased.
The traffic congestion causes longer trip times, slower
speeds and increased vehicular queuing. The events like
vehicle crashes, the unplanned works in the road, special
events, etc. negatively affect drivers, obliging them to
multiply their planned travel time to attain their destination
in due time. The used solutions to congestion handling, such
as systems of adaptive traffic signal control and route
guidance on the basis of the local traffic information
collected in real time, is likely to enhance each intersection's
throughput of the urban traffic in usual conditions. However,
they do not have any mechanism to detect and notify the
route events. With the advancements in wireless
communication technologies in the past few years, MAS is
considered as one of the efficient solutions to make smart
decisions to avoid accidents. Road traffic accidents are a
leading cause of death globally. [1]In India, more than 1
million are injured annually and about 0.1 million are killed
in road traffic accidents. [2]It causes the country to lose
around many people yearly which is 2-3% of Gross
Domestic Production. A road traffic accident can be defined
as, an event that occurs on a way or street open to public
traffic resulting in one or more person being injured or
killed, where at the minimum one moving vehicle is
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2. Structures of Target Detection and
Recognition

2.1 Scene Analysis and Mathematical Description

At present we are generally focusing on the two types of
collision named frontal collision and rear collision.

[4] For a frontal collision, the two vehicles that are
relatively driven are generally not in a straight path,
when the horizontal distance between the two vehicles is
greater than the average of distance vehicles, even if the
distance between the two cars is already very close, there
is no possibility of getting a collision. Therefore, only
when the distance between the two vehicles
perpendicular to the traveling direction is less than the
average value & of the two vehicle widths (the 4 vehicle
width is WA and the B vehicle width is WB), that is,
when k < | dXsin8,], a frontal collision will occur. The
general vehicle width is about 1.5 meters to 1.8 meters,
so here k takes 1.7 meters. The distance d between the
two vehicles can be derived from the vehicle coordinates
received by the Dedicated Short-Range Communication
(DSRC) module in meters as follows:

d:\/(xz —-x1) *+ -y ?

The self-vehicle speed is VA, the adjacent car speed is
VB, and the unit is km/h. For the frontal collision shown
in Figurel, the time required is as follows:

t=4.3% (dx|cosB1|—5)
' (Va+Vs
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Fig. 1. Frontal collision Algorithm Model

When |6;| < 90°and |8,| > 90°, the calculation of the
collision time is performed; if it is |6;] = 90°and
|6,] < 90°, the processing is not performed.

[5] For the rear-end collision model, most of the rear-end
collisions occur in the same lane. Hence, when we study
the rear-end collision model, we are no longer
considering the heading angle problem but only consider
the relative motion of the vehicles. In the rear-end model,
the variable is the relative speed and relative distance of
the two cars.

For the rear-end collision model shown in Figure 2, when
the vehicle is actively rear-ended, if V,>Vj, the time
required for collision is as follows:
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Fig. 2. Rear-end collision Algorithm Model

If (V, <Vp), the collision avoidance algorithm is not
processed. When the car is passive rear-end collision, if
(V4 > Vp), the time required for collision is as follows:
_d

(Va-VB)

If (V, — Vp), the anti-collision algorithm is not processed.

Through the analysis of the above mentioned scenarios, it
can be seen that the calculation method of collision
occurrence time is the same whether it is a head-on
collision or a rear-end collision, and the unified
calculation method is useful to enhance the adaptability
of the algorithm in the complex scene.

3. MAS Architecture

On the specific Multi-Agent System structure, thesystem
is distributed as a remote multi-agent target detection and
recognition system. [6] This comprises mainly three
parts: detection subsystem agent, recognition agent and
management decision agent, and is divided into three
layers according to the degree of data abstraction and
main functions. It uses the idea of role-based task
decomposition. On the one hand, each role is built by
different hard and soft components to accomplish
different functions; on the other hand, each role has
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different functions, which can communicate and
coordinate information according to different system task
requirements, and jointly complete complex tasks, so as
to achieve the overall optimal system performance.
Moreover, the structure model reflects the advantages of
open design and modular system, which is conducive to
system upgrade, and improves the system flexibility and
scalability.

Satelite

Agent2
Agent1

Communication

Management decision
Agent

Knowledge base

Fig. 3. Communicating with different agents.

In the process of task execution, the system firstly uses
sensors in different detection subsystem agents to detect
the targets. After they are found, the recognition agent
makes fusion judgment according to the initial identified
results for each hypersonic target; the management
decision agent makes decisions according to situation
recognition, understands and decomposes the combat
tasks, assigns the corresponding tasks to the recognition
agent or the detection subsystem agent, and exerts its
characteristic or changes its working mode to further
recognize the key target. At the same time, it is
considered whether another detection subsystem agent or
recognition agent is needed for collaboration. In the
process of executing combat tasks, each agent realizes
the cooperation andcommunication with other agents
through the communication interface.

4. Function and construction of agent

The detection subsystem agent mainly collects processes
and stores the data from several similar sensors, unifies
multi-sensor information into a common space time
reference system, and gives a unified, clear and reliable
description of the battlefield environment. When the
abnormal situation is found, the report will be submitted
to the management decision agent in time, the target local
characteristic data after the associated registration and
fusion will be sent to the recognition agent, and the
management and dynamic scheduling of sensor-level
tasks will be accepted by the management decision agent.
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Since the research content in this paper is mainly in the
recognition stage, no further discussion is made on the
sensor measurement stage, and the initial recognition
results are directly simulated by the sensor. The
recognition agent mainly carries out information fusion
based on the local characteristics of targets detected by
one or several similar sensors through various
information fusion algorithms, and establishes the
recognized target linked list to provide command and
decision-making basis for the management decision
agent. At the same time, the change of the target state and
the urgency of attack are analyzed. Once a conclusion is
reached, it is timely released to other agents. Its
functional structure is shown in the above image.
Because there is no perfect algorithm to solve all kinds of
problems, each method has its advantages and
disadvantages. Therefore, by combining various methods
and making full use of their respective advantages, when
processing the fusion information, appropriate algorithms
can be selected according to the various factors in the
representation form of the information of target
characteristics and changes, so as to achieve better
results. A number of fusion agents with different
algorithms are embedded in the recognition agent. When
identifying the target, the results are compared with other
nested fusion agents through the messaging passing
mode. When the results are consistent, the credibility or
weight of the fusion agents is increased; when the
recognition results are inconsistent, they are directly
submitted to the decision agent for final fusion judgment.

Fusion algorithms agents

Hardware control module

€| Otheragent

Other agent knowledge module

Communication agent

Coordination mechanism module

Fig. 4. Communicating with agents using different
algorithms and tools.

[7] The remarkable feature of the recognition agent is
that it can combine multiple target characteristics with
information relevance, such as radiation intensity
characteristic, temperature change rate characteristic,
heat capacity difference characteristic, etc., all of which
are the realization of target infrared characteristics, so
they can constitute the target local comprehensive
feature. Then it can maximize the role of information
correlation, improve the information utilization, and
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reduce the characteristic dimensions and the overall
calculation amount, and it is organized to coordinate and
manage similar sensors with similar characteristics.

The management decision agent mainly synchronizes the
asynchronous information of each recognition agent to
generate the consistent description of the targets.
Considering the different characterizations of target
group characteristics of each detection subsystem agent
and the limited ability of a single recognition agent, it is
necessary to minimize the impact of singular results on
fusion results, and increase tolerance of the system and
the certainty of the results. The management decision
agent can choose the reasonable fusion algorithm and
complete the final goal, or make a quick response to the
emergency according to the existing knowledge and
scheme. At the same time, the target information stored
in the database is compared with the sensor information,
and the recognition process and result are stored in the
knowledge base, or relevant experience and knowledge
are called out from the knowledge base for auxiliary
decision-making. It is responsible for the initiation,
coordination and termination of the task, as well as the
management of the sensors, and forms the task list of
each decision and writes them into the blackboard model.
In addition, the structures of the management decision
agent and the recognition agent are roughly the same.
The only difference is that there is more database and
knowledge base, and no embedded agents.

5. Multi-Agent
Workflow

The cooperation among agents is mainly in the form of
dynamic driving cooperation based on various
characteristics changing in daily vehicle driving.
Therefore, each sensor member shall implement the plan
according to their own capabilities and the task
distribution, cooperate with other sensor members as
required, and solve the existing conflicts through
negotiation after the formation of the initial operational
plan.[8] The decision-making body is responsible for
centralized planning of the inconsistencies among
sensors. Therefore, our project suggests a coordinated
planning method of target detection and recognition
systems based on MAS combining distribution and
concentration. It comprehensively solves the system task
decomposition and assignment from three aspects of
function, structure and flow, and the main steps are as
follows:

Coordination Planning

Step1 According to the task assignment of the
management decision agent, the detection subsystem
agent is responsible for early warning and monitoring of
target launch in its responsibility area.

Step2 When a certain detection subsystem agent
discovers the suspicious target emission, it will report the
situation to the recognition agent and the management

decision agent, and inform other similar sensors in the
detection subsystem to cooperate in the detection.

Step 3 The detection subsystem agent coordinates the
internal sensors for data-layer information fusion and

error correction, and obtains high-quality target
information to improve the target recognition
performance.

Step 4 The recognition agent conducts fusion recognition
according to the target information. Since the recognition
agent holds the information of sensor capability in the
detection subsystem agent, the target characteristic
information obtained by them will be given
corresponding weight before fusion. Within the
recognition agent, an embedded agent will send the target
classification recognition results that it considers to be of
greater reliability to other embedded agents in the form
of message passing.

Step 5 After other embedded agents compare their own
results with them, if the conclusions are consistent, the
credibility of the recognition results will be increased,
and the consistency results of the recognition agent will
be sent to the management decision agent; if the results
are inconsistent or uncertain, all the information will be
directly sent to the management decision agent, which
will coordinate the rest of the recognition agents for
fusion identification.

On this basis, other recognition agents reduce the scope
of target recognition with the elimination method to
improve efficiency. On the other hand, if the recognition
agent obtains satisfactory identification results at a
certain fusion level, the management decision agent can
directly make the final identification judgment and threat
ranking. In the process of fusion recognition, the
corresponding knowledge source (such as database and
knowledge base) can be immediately started to deal with
the uncertain results. Each recognition agent dynamically
adjusts its weight according to the working state of the
sensor, and the management decision-making agent
adjusts the weight of the recognition agent according to
the recognition results embedded in the recognition
agent.

Step 6 According to the target characteristics and
operating conditions, the management decision-making
agent selects and coordinates different detection
subsystem agents and recognition agents in time to
allocate and combine tasks according to the
characteristics assessment and optimization combination
knowledge, dynamically determines whether the system
achieves the best fusion result, and controls the timing
sequence of the system and the start-stop operation of
task instructions.

Step 7When the target goes out of the responsibility
area[9]of the detection subsystem agent, the management
decision-making agent will transfer the target according
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to the situation, and start the next detection subsystem
agent. The task of the original detection subsystem agent
is completed, and then it exits the plan.

Step 8 After the target is recognized and intercepted; the
detection subsystem agent and the recognition agent will
evaluate the interception effect. If the target is destroyed,
the coordination planning will be finished.

6. Results and Analysis

The overall result is described below when the vehicle is
at a certain stage. The detection and recognition system
uses many technical approaches to measure and extract
the dimension, type, speed, etc. of the target vehicle.
Here, we are assuming the coordinates and speed of the
vehicle will be taken from the satellite.

Table 1: Different scenarios of frontend movement of
vehicle where collision can or cannot happen.

Coordi Dist | Degr | Spee Tim
nates ance | ee d e
x5, y) | (x2 Va Vs
b
y2)
0,0 20, | 282 | 60 50 60 0.35
20 | 84 h
0,0 20, | 282 |95 50 60 Oh(c
20 | 84 ollid
e)
10,10 15, | 7.07 | 60 30 20 Oh(c
15 |1 ollid
e)
10,10 15, | 7.07 | 95 30 20 0.5h
15 |1
55 15, | 14.1 | 30 10 30 0.67
15 | 42 h
55 15, | 14.1 | 120 10 30 0.05
15 | 42 h

(For frontal collision)

Table 2: Different scenarios of rear movement of vehicle
where collision can or cannot happen.

-
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(For rear collision)
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Critical warning distance (m)
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Fig. 5. Comparison Analysis Diagram
7. Conclusions

Concluding at the problem of target detection and
recognition, our work proposes the MAS structure based
on the combination of distribution and concentration, and
mainly designs the information fusion intelligence and
processing mechanism.

The steps of coordinated planning and multiple
intelligent information processing and application are
expounded, and the effect is demonstrated. This scheme
changes the solidified state of the information processing
structure in the previous target detection and recognition
system, which does not change with the sensor and the
target state. It can enhance the adaptability and
cooperation of information fusion and make target
detection and recognition more intelligent.

The innovation of this scheme is mainly provided in the
following aspects of intelligence:

I) Multi-intelligence is expressed in the multi-agent co-
operation and competition based on the evaluation and
selection of target characteristics, and the overall
information fusion presents multi-level intelligent
optimization.

II) Advanced intelligence is embodied in the cognitive
closed loop of the information processing model and can
self-adjust the system detection and recognition strategy
according to the target and sensor states.

Coordinat d Ti
esoor nd spee tme In the future, the scheme will be further improved on
X1,Y1) X2, Vi Va effective integration and performance evaluation.
Y2) . .
00 2020 60 50 5 82h Conflict of interest
0,0 20,20 0 60 Oh(colli
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10.10 15.15 60 30 0.235h publication of this paper.
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