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Abstract—Multi-agent control method is an important
approach for urban traffic control system. It is noted that, for a
real traffic control system, each control agent cannot meet
control requirements well under different traffic states. How to
recommend the most appropriate control agents to a multi-agent
urban traffic control system is a crucial problem. In order to
solve this problem, we use the historical traffic flow of an
intersection to test the performance intervals of every control
agent offline. Then we predict the traffic flow on the basis of the
historical traffic flow. According to the performance intervals of
every control agent and the predicted traffic flow, we
recommend the most appropriate control agents to the
intersection. In particular, we use the pattern recognition
algorithm (PRA) and the weighted pattern recognition (WPRA)
to predict the traffic flow respectively. The results of the
experiments show that the control agent recommendation
system performs better than the original control system.

I. INTRODUCTION

he urban traffic control system, like power control

system, urban sewage distribution control system, etc. is
usually large in size, has many actuators and sensors, and
exhibits complex dynamics. Single control method is difficult
to meet the control requirements of urban traffic control
system. For this reason, urban traffic control system typically
has to be operated using a multi-agent and distributed control
approach [1-9]. In such an approach the urban traffic control
system consists of multiple control agents. It is easy to see

Manuscript received August 15, 2011. This work was supported in part by
NSFC 60921061, 61174172, 61101220, 70890084, 90920305; CAS
2F09NO5, 2F09NO6, 2F10E08, 2F10E10; Jiang Su China Sciences
Intelligent Engineering Co., Ltd Enterprise Academician Workstation
2F11D01.

Shuangshuang Li is with State Key Laboratory of Intelligent Management
and Control for Complex Systems, Beijing Engineering Research Center for
Intelligent Systems and Technology, Institute of Automation, Chinese
Academy  of  Sciences, Beijing, 100190, China  (e-mail:
shuangshuang.li@ia.ac.cn).

Cheng Chen and is with State Key Laboratory of Intelligent Management
and Control for Complex Systems, Beijing Engineering Research Center for
Intelligent Systems and Technology, Institute of Automation, Chinese
Academy of Sciences, Beijing, 100190,China (e-mail: cheng.chen@ia.ac.cn)

Qingming Yao is with Jiang Su China Sciences Intelligent Engineering
Co., Ltd Enterprise Academician Workstation, WeiTing Town, 215000,
Suzhou, China (e-mail: gingmingyao@gmail.com).

Xiangying Liu is with Jiang Su China Sciences Intelligent Engineering Co.,
Ltd Enterprise Academician Workstation, WeiTing Town, 215000, Suzhou,
China(e-mail: tech@scsic.com)

that, for a real traffic control system, the performance of each
control agent is not always good. So it is necessary to
recommend the most appropriate control agents to the
multi-agent urban traffic control system. Single intersection is
the basic components of the traffic network. When we want
to study the control agent recommendation system of a traffic
network, it will play a fundamental role to study the control
agent recommendation system of a single intersection.

Control agent recommendation in a multi-agent urban
traffic control system is unlike item recommendation in
E-commerce. The recommendation in E-commerce is all
about predicting the patterns of users’ taste and using them to
discover new and desirable things you didn’t already know
about. These patterns stand for people tend to like things that
are similar to other things they like. For example, if a stranger
asks you whether you think she likes the Harry Potter VII
film, you might have nothing better than a guess. However, if
she tells you she loved the first six films in the series, you’d
be shocked if she didn’t like the seventh as well. On the
contrary, if she says she hated the films, or asks. “What’s the
film?” you’d rightly guess the seventh film is not on her
favorites list. We can see that this recommendation is done by
computing a set of previously expressed preferences, in order
to recommend items that are likely of interest to a user. The
recommendation in an urban control system must know all
“users’ preferences” and wusing them to give a
recommendation to the control system. The “users’
preferences” stand for the performance of the control agents.
Unlike the recommendation in E-commerce, the
recommendation in an urban control system couldn’t predict
the one control agent’s performance by other control agents’
performance. Even there are some relationships between
them. We can see that this recommendation is done by testing
the performance of every control agent and predicting the
traffic flow, in order to recommend the most appropriate
control agents to the multi-agent traffic control system.

To determine which control agents to recommend, it is the
major requirement for control agent recommendation system
to have the performance of every control agent. That is to say,
we should know the evaluation of control agents. There are
many evaluation indices to evaluate a control agent, such as
the without waiting for passing rate, total numbers of vehicles
passing, total mean speed and total mean time delay. In this



paper we use these four indexes to evaluation the
performance to the control agents. The control agent
recommendation system should have the ability to make and
continuously update predictions of traffic flows and link
times for several minutes into the future using real-time data.
With this ability the control agent recommendation system
can give a proactive control to the urban traffic. So we use
two methods which called pattern recognition algorithm
(PRA) [10] and the weighted pattern recognition algorithm
(WPRA) [12] respectively to predict the traffic flow.
Compared to PRA, WPRA predicts the future traffic flow by
taking the time information into account [12].

In this paper, in order to obtain the evaluation of the
control agents, we test the every control agent’s performance
in Paramics[13] microscopic simulation software. Based on
the evaluation of control agents and the predicted traffic flow,
the most appropriate control agent which suited for the
current traffic state could be recommended to the multi-agent
urban traffic control system. Experimental results show that
the control performance of the control agent recommendation
system performed better than that of the original control
system.

Compared to the original control system, the control agent
recommendation system is more intelligent and has
self-adaptive function. On one hand, this is because the
original system treats different state of traffic flow with the
same control strategy. However, the same control strategy
cannot meet the control need for all state of traffic flow. On
the other hand, the control agent recommendation system can
recommend the most appropriate control agents to the
intersections according to the evaluation of control agents
which is tested out in different state of traffic flow state. So
the control agent recommendation system can deal with
different situations by using the most appropriate control
agents which are recommended by the system.

The structure of the paper is organized as follows. After
introducing the urban traffic control system, control agent
recommendation, we describe the architecture of control
agent recommendation in Section 2, which contains the
difference between the control algorithms and control agents,
simulation platform, traffic flow data set and control agents’
performance test. Section 3 reports the experimental results
on the performance of the recommendation system, and gives
a performance comparison among recommendation system
and the original control system. In Section 4 we conclude the
paper and discuss some orientations about future work.

Il. CONTROL AGENT RECOMMENDATION ARCHITECTURE

The general structure of the control agent recommendation
system is shown in Fig. 1. Here, the control agent
recommendation system is divided into two parts: the online
processing section and the offline processing section. The
offline processing section contains four parts and its main
role is to test the performance of control agents which is the
basis of recommendation algorithm. In this section, after
building the intersection network model of an actual
intersection in traffic simulation software platform and

choosing historical traffic flow data, the performance of
control agents is tested. The performance of control agents
are the input of the recommendation algorithm, whose main
function is to predict the traffic flow and make a recommend
to the intersection. The online processing section consists of
three parts. The input of this section is historical traffic flow
data, performance of control agents and the real-time traffic
flow data. According to the real-time traffic flow and the
historical traffic flow data, the algorithm can forecast the
current traffic flow. Then the control agent recommendation
system gives a real-time recommendation to the intersection
online on the basis of the predicted traffic flow and the
performance of control agents.
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Fig.1. Architecture of agent recommendation

A. Control algorithms and control agents

It is necessary to give a simple introduction of the control
algorithms and the control agents before testing the
performance of the control agents. The definition of control
algorithms is the mathematical representation of executive
function. Compared to control algorithms, control agents
have some advantages as follows: (1) Control agent has more
mobility. One control agent can provide control service for
two or more controlled object simultaneously. (2) One control
agent can communicate with others on the same or different
platforms. (3) Control agent has more security by considering
the issue and recovery.

B. Simulation platform

We use Paramics microscopic simulation software to test
the control agents’ performance. “Paramics is a widely used
microscopic traffic simulation tool. It has a large set of
functionalities that can be used to simulate and evaluate
various policies and control strategies and their effects on the
transportation system, such as vehicle delays and emissions.
Application Programming Interface (API) makes it have the
ability of overriding or extending the default models such as
car following, lane changing, route choice. The modelers can
test their own models and incorporate customized
functionalities using API” [14].

C. Traffic flow data set
In order to test the control agents’ performance, it is



necessary to prepare the traffic data. The traffic data were
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Fig.4. The four indexes for the four control agents. The panels represent (a) the without waiting for passing rate, (b)the total number of vehicles passing,
(c)the total mean time delay and (d)the total mean speed of the four control agents

collected at a site monitored by the Center for Intelligent is divided into the following four steps:
Control and Systems Engineering (CICSE) of Institute of
Automation Chinese Academy of Sciences (CASIA). The site
chosen within CICSE is located on Suzhou City, Jiangsu
Province, China. This is a five-lane road and its number is
103, called Feihu Intersection, as shown in Fig. 2. From this
site, a database of one month of aggregate 5-minute traffic
volumes was assembled from May 1 to 31, 2010. The data set
contains very few periods of missing observations, where
data is not available for up to 5 minutes. We divided the
historical traffic flow data into two parts: a search data set
and a test data set. We used the data from May 1 to May 30
as an estimation data set and the data of May 31 as a test data
set.

Fig.3. The simulation intersection in Paramics

e Step  1: Build actual intersection network model in the
traffic simulation platform. A PARAMICS micro-simulator
is used to simulate this intersection network, as shown in

Fig. 3.
e Step  2: Extract the historical traffic data form database.
Fig.2. Spatial location of study site According to the ratio of maximum traffic data, the test
data is divided into five intervals:0~20%, 20%~40%,
D. The process of testing control agents performance 40% ~ 60%, 60% ~ 80%, 80% ~ 100%. Test the four
We chose four commonly used control agents to do control agents one after another and get the evaluation
performance testing. They are “fix”, “actuated”, “queue” and scores which are the normalized without waiting for

“fuzzy”. The process of testing performance of control agents



passing rate, total number of vehicles crossing, total mean
speed and total mean time delay of each control agent, as
shown in Fig. 4.
e Step  3: Weight the four indicators in step 2 and get the
fitness of the control agents, as shown in Fig. 5.
*Step  4: Obtain the most appropriate performance
intervals of each control agent.
According to the fitness of four algorithms, we get the
most appropriate performance intervals of every agent, as
shown in Table 1.
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TABLE |
THE MOST APPROPRIATE PERFORMANCE INTERVALS OF
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Fig.6. The process of recommendation

I1l. RECOMMENDATION

The state of traffic includes the mean speed, volume and
occupancy in the traffic roads. In the paper the future state of
the traffic flow stands for the volume of the intersections in
the next one or several periods. In order to recommend the
most appropriate control agents to the intersection, Not only
do we need the evaluation of control agents, but also we need
to know the future state of the traffic flow. This is to say, the
recommendation system should have the ability to predict the
traffic flow. In this paper, we use pattern recognition
algorithm (PRA) [10] and the weighted pattern recognition
algorithm (WPRA) [12] respectively to forecast the traffic
flow. The input of WPRA and PRA is the historical traffic
flow data and the current traffic flow data, as shown in the
Fig. 6. The traffic control system can give a recommendation
according to the predicted future state of traffic flow and the

evaluation of control agents.

IVV. EXPERIMENTS

The performance of online process section in the agent
recommendation architecture presented in this paper was
evaluated using a simulated road network in Feihu
Intersection. We measured the numbers of actual and
predicted traffic flow in every control agent performance
interval and we report the ratio of the error between them to
the actual numbers, which we called the recommendation
error rate. We compared the recommendation error rate of
WPRA with that of PRA [10]. In the end, we compared the
total mean speed during different time intervals of control
agent recommendation system with original control system.
The actual traffic flow of Feihu Intersection is as shown in
Fig. 7 and the maximum vehicle of this intersection is 552.
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Fig.7. The traffic flow of Feihu Intersection in May 31

TABLE Il
COMPARISON OF THE RECOMMENDATION ERROR RATE OF TWO
ALGORITHMS
Agent Actual WPRA  PRA WPRA(PRA)
Performance Recommendation
Numbers  Numbers Numbers
Intervals Error Rate
0~35% 226 221 209 2.21%(7.52%)
35%~70% 31 36 48 16.13%(54.84%)
70%~90% 5 6 4 20%(20%)
90%~100% 2 1 3 50%(50%)

From Table 2 we can find that recommendation precision
of WPRA is better than that of PRA. In Fig. 8, we can see
that the majority of the traffic flow in May 31 at Feihu
intersection is in the agent performance interval: 0~35%. So
we compare the total mean speed of the Fix agent with that of
the recommendation system. In the Fig. 8, it is shown that the
performance of the control agent recommendation system
outperformed that of the “Fix” agent during the heavy traffic
flow. During the light traffic condition, the recommended
control agent is “Fix” control agent which is the same as the
original control agent. So there is little difference between the
mean speed of the control agent recommendation and that of
the original system.
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V. CONCLUSIONS AND FUTURE STUDIES

In this paper, on one hand, while the performance of the
control agents discussed in this research does significantly
stand for a kind of performance index, it does not equal the
performance of the four control agents. For example, the
parameters for the fuzzy control agent are too difficult to
adjust in order to obtain a good performance of fuzzy control
agent. We only work with a set of parameters, and certainly
not the most appropriate one. On the other hand, we compare
the mean speed of the “Fix” and the recommendation system.
The results have shown that the recommendation system
outperforms the original system which uses the “Fix” agent
only.

In the future we would like to extend our method to the
case with more than ten intersections. When we want to give
a recommendation to an area where there are more than ten
intersections, we should also consider the relationship of
these intersections which may provide some information to
help us to give a recommendation to this area.
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