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A Survey of Urban Traffic Signal Control for Agent Recommendation
System
Cheng Chen, Fenghua Zhu, Yunfeng Ai
and traffic management systems, finding out a matching TSC
algorithm for each intersection is significant to the optimization of the entire system. Hence, the surveys about TSC
are meaningful. In [2] and [3], authors give surveys about
intelligent methods in TSC respectively. They help readers
to grasp the latest technologies of artificial intelligence in
the TSC area. Although in [3], the methods are introduced
apart by three types of road: surface way, ramp and corridor.
However, these surveys only pay attention to the methods
of solutions for the traffic problem, like fuzzy, artificial
neural network, reinforce learning and so on. They lack
the detail description about the application environment of
methods. As shown in the (a) of Fig.1, the process of research
has three phases: identify and describe problem, clarify the
objectives, solve problem. The identification and description
about the problem help us to understand the similarities
and differences of the problem with other problems in a
rational and generally recognized way, like making some
definitions and assumptions. According to the understanding
about characteristics of this problem, the concrete goal of
research work could be determined. This concrete goal is
not a vague term, like the improvement of performance,
but the melioration about some specific indicators. With
these two phases, researchers can begin to find out the
reasonable solutions and users can realize the limitation of
these solutions to solve the problem. Therefore, the first two
phases are the same important as the third phase.

Abstract— Dynamic changes and uncertainty in traffic environments directly spawned lots of strategies about traffic
signal control (TSC). Meanwhile, the differences in the traffic
environment and demand of control have a significant impact
on the performance of strategies about TSC. In order to enable
dynamic selection of the most appropriate TSC agents for each
specific traffic state in urban traffic transportation system, we
firstly propose a survey about urban TSC, which helps us to
understand the characteristics of TSC strategies. This survey
focuses on the traffic environment about the application of TSC
and the demand of TSC. Then, based on the aforementioned
survey, we propose one recommendation mechanism for agentbased distributed and adaptive platform for transportation
systems to adapt to traffic dynamic characteristic.

I. I NTRODUCTION
Traffic signal control (TSC) has a long history, which
began in 1864 that policemen use semaphore to guide the
traffic in London. In 1914, the first electric traffic signal
device was installed in Cleveland, Ohio, USA to complete
the leap from semaphore to electrification. After that, TSC
kept continuously developing. With the acceleration of urbanization and the popularity of vehicles, the contradiction
between limited road resource and increasing number of cars
draw the attention of society. Considering the product of this
contradiction, like traffic congestions, environmental pollution and so on, people need to find out reasonable methods
of road resource allocation to alleviate this conflict. As one
effective method of road resource allocation, TSC has drawn
sufficient attention. The theoretical research work about the
optimization of TSC could date back to the mid-20th century
[1]. Meanwhile, the actual TSC also develop from single
points to systematic direction with the emergence of several
generations of traffic management systems, like TRANSYT,
SCOOT, SCATS, and so on. These traffic management
systems not only contains the TSC for intersections, but
also the information fusion and coordination strategies for
the intersection, the traffic flow forecasting and inducement
functions etc. However, TSC for intersections is still one very
important and basic part of the whole system. According
to the characteristics about the environment of intersection
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Fig. 1. The flowchart about the process of general research (a) and the research on
TSC (b).

We define the research of TSC as follows: in one special
traffic scene, researchers use some method to improve the
traffic state than the original control method. Hence, as
shown in the (b) of Fig.1, the research of TSC also has three
phases: modeling about the urban traffic scene under control,
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clarify the demand of control, find out the reasonable method
of solution. Through these three phases, TSC can calculate
out reasonable parameters for signal timing, like cycle length,
split and offset, to meliorate our urban traffic environment.
In this paper, we firstly make a survey about the urban
traffic scene under control and the demand of control respectively in Section II and III. Then, according to the aforementioned content, we propose a recommendation mechanism for
TSC agents in agent-based distributed and adaptive platform
for transportation systems (aDAPTS) [4] in Section IV. At
last, one conclusion will be given in Section V.

illustrated model of intersection in [9] is unusual, which
is an eight-way intersection. To some extent, the number
of lanes on these related roads also impacts on the choice
about the goal and method of TSC. In traffic Engineering, the
urban surface roads are consisted of arterial roads, collectors
and local streets. Generally speaking, the numbers of the
links on these roads decrease obviously with the above
order. Different types of roads has different traffic priority.
Therefore, according to the intersections which have different
types of road, their TSCs vary from each other. In [10], by
controlling the traffic flow access to the freeway, the goal
about the TSC of on-ramp is to make full use of the traffic
capacity of freeway and make the distribution of traffic flow
on the freeway be reasonable. However, the goal about the
TSC of off-ramp is to prevent the queue on the off-ramp
being too long or one traffic flood leaving from the freeway to
cause a traffic congestion of related intersection on corridor.
Therefore, the direction is also one characteristic need to be
considered.

II. MODELING ABOUT TRAFFIC SCENE UNDER
CONTROL
Modeling about the scene under control helps us to understand the characteristics about the problem of TSC, like
constraints and given context. These characteristics directly
impact on the goal and method of TSC. The content of
modeling about the scene under control includes four parts:
modeling about controlled intersection, type of detected
traffic information, type of TSC system, and traffic state of
intersection.

B. Type of Detected Traffic Information
As one major collector of real-time traffic information,
the detectors are responsible for providing the input of
TSC algorithms. Hence, they are indispensable in the TSC.
In [11], authors survey technologies of detection. These
technologies are divided into point detectors, above-ground
detection and vehicle tracking. In [12], according to influence
of the installation and upkeep about the detector on actual
traffic, all the detectors are classified into intrusive sensors
and non-intrusive sensors. We classify the technologies of
detection as active detection and passive detection. The
technologies of active detection make use of the device on
the vehicle, like the technology of V2I, GPS and so on.
The main disadvantage of active detection is the requirement
that all vehicles need to have appropriate equipment. On
the contrary, the technologies of passive detection only take
vehicles as the objects to be detected. The passive detection
technologies also can be classified as under-ground detection
and above-ground detection. Under-ground detection, such as
inductive loops, is limited by the location of detectors. The
above-ground detection includes the video image processing,
microwave radar based detection system and so on. As
mentioned in [11], the video image processing can offer the
prospect of more detailed information. The level of detail
depends on the sophistication of the image processing that
is undertaken. However, traffic control algorithms of TSC
only concern about the variables of input and their precision
detected by the technologies of detection rather than these
technologies themselves. If the field detector cannot provide
or synthesize the information required by control algorithms,
control performance of TSC will greatly deteriorate, even
that cannot be used. According to the time stamp of information, the information required by control algorithms
can be divided into historical and real time information.
Historical traffic information is converted from real time
information by storage, analysis and synthesis. Hence, if the
real time information for the conversion can be collected,

A. Modeling about Controlled Intersection
The modeling involves the location and physical shape
of intersection. From Wikipedia, an intersection is a road
junction where two or more roads either meet or cross at
grade (they are at the same level). The location and physical
shape of intersection has impact on the traffic priority of
roads. In traffic engineering, the location has directly impact
on the TSC of intersections. On the freeway, the intersection
is called as highway ramp [5]. TSC of highway ramp is called
as ramp meter [6]. Among the roads of ramp, the road of
freeway is dominant. Hence, the basic goal of ramp meter
is to keep the freeway having a more smooth throughput
[7]. The most common intersection is on the surface street
of the city. The traffic priority of roads on this intersection
is equal from the viewpoint of location. However, the traffic
priority can also be influenced by other elements, which will
be mentioned in the following part. Besides, the intersection
on the corridor, which is the surface road beside the freeway
called as the side way. For a special location, the TSC
about intersections on the corridor should take the ramp into
consideration. And this is different from other intersections
on the urban surface road. Similarly, many researches in TSC
focus on the physical shape of intersections, including the
quantity of related roads, the number of lanes on these related
roads, the directional characteristics of related road. From
the viewpoint of the quantity of related roads, intersection
can be divided into several types, like two-way, three-way
(T-junction), four-way (Crossroad) and so on. Considering
that all the ramps are two-way type, two-way model of
intersection is special. Besides ramps, green wave on arterial
road is also a hot topic in the TSC research of two-way
model of intersection [8]. Begin from three-way model of
intersection, researches generally focus on the optimization
about some indicators of control performance. Specially, the
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TABLE I
T HE OUTPUT ABOUT DIFFERENT TYPE OF DETECTOR
Output Data1

Technology

Inductive loop
Magnetometer (Two-axis fluxgate)
Magnetic(Induction or search coil)
Microwave radar
Infrared
Ultrasonic
Acoustic array
Video image processor

count

presence

speed

Occupancy

Classification

Detection Zone Data

Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
N
Y4
Y
Y
Y
Y

Y2
Y2
Y2

Y
Y
Y
Y4
Y
Y
Y
Y

Y3
N
N
Y4
Y6
N
N
Y

N
N
N
Y4
Y6
N
Y7
Y

Y
Y5
N
Y
Y

1 Y represent this kind of information can be acquired by this type of detector; N has reverse meaning.
2 Speed can be measured by using two sensors a known distance apart or by knowing or assuming the length of the detection zone and
the vehicle.
3 With specialized electronics unit containing embedded firmware that classifies vehicles.
4 From microwave radar sensors that transmit the proper waveform and have appropriate signal processing.
5 With multi-detection zone passive or active mode infrared sensors.
6 With active mode infrared sensor.
7 Models with appropriate beam forming and signal processing.

historical traffic information can be acquired. We can focus
on the real time information provided by detectors. As we
known, the type of information is determined by the type of
detector. According to the content of [12], table I lists all
type of output data provided by different kinds of detectors.
Therefore, as we know the type of detector installed in
intersection, the kind of TSC can be implemented is known.

the organization of multiagent is decentralized. However,
RHODES [16], which has a hierarchical system architecture,
is a representative of centralized coordination mode.
D. Traffic State of Intersection
The purpose about the implementation of one kind of
TSC is making traffic state of intersection better than the
one not under the control or under other control methods.
Time of Day (TOD) control technology segments one day
into several control periods based on different traffic states of
one intersection [17]–[19]. Hence, in different control period,
we implement the most suitable TSC strategy to enhance
the control performance of intersection. Meanwhile, many
researches focus on the congestion status of intersection to
develop new control strategies of TSC [20] [21]. Therefore,
traffic state of intersection is an indispensable element for
modeling of intersection. The content of traffic state can include the arriving rate of vehicle and length of queue on each
road of the intersection. These indicators can be determined
by the type of information acquired from detectors. Traffic
state also can be divided into several levels by fuzzification.
However, there are strategies of TSC for all traffic states,
like the adaptive dynamic programming for the management
of intersection.

C. Type of TSC System
Control in single point mode is the pioneer. Nowadays, in
most of the small and medium cities, for lacking of the fund
for transportation construction, it is still a popular control
mode. For example, in [13], the city of Macaé lacks of
wired communication between roadside controllers and the
central control room. However, for the complexity of traffic
environment, especially in metropolises, the systematization
of TSC becomes an inevitable trend. Hence, many algorithms
of TSC rely on the information of coordination and the
instruction from remote control center. Without the help of
information provided by the whole system (or can be said
as only using the local information collected by the detector
in local intersection), TSC is difficult to acquire a satisfied
control performance. Hence, an inappropriate system will
wash the performance of some special TSC strategies down.
In [14], two topological structures of agent-based traffic
control system are given, which are TRYS and TRYSA2 .
In TRYS, the sharing of traffic information is centralized.
Generally speaking, there is one coordinator to be responsible for the exchange of information. The characteristic of
this topological structure is described as follows: although it
may not be able to find the optimal solution in a controlled
time, finding out a feasible solution is possible. Hence, it
has a good real-time performance. Differently, the sharing of
traffic information in TRYSA2 is decentralized. It also can
be called as self-organized. Without a unified management
for the exchange of information, the users of information
need to directly contact with the providers of information.
Hence, adding a new intersection in TRYSA2 is easy than
TRYS. However, this kind of system has the risk about being
unable to get a solution in a controlled time. Centralized and
decentralized coordination modes are also common in other
TSC systems. For example, in [15], the architecture about

III. DEMAND OF CONTROL
The aim of TSC is to make our travel more convenient
and comfortable. However, convenient and comfortable are
too abstract as the goal for the methods of TSC. Hence, the
concretization about the demand of TSC always takes form
of the improvement about some specific indicators of traffic
performance. In [11], the authors grouped objectives of TSC
into two categories: tactical ones and strategic ones. Tactical
ones aim at ensuring good operation of the intersection to
handle different traffic flow. Strategic ones are related with
the demand of all the traffic participants, like pedestrians,
environment and so on. And author showed a range of
traffic management objectives can be expressed within the
framework of optimal control theory, like the delay-related
objectives and fuel-related objectives. These objectives actually are the specific indicators of traffic performance. We
pay attention to the expression about demand of TSC, which
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reflects in two aspects: form and content. From the view of
form, the demand can be classified into two basic classes:
single goal, multi-goals. According to different form, we
detail the demand in this section.

indicators by assigning different weights. In [37], the three
objectives are also using the method of weighted to merge
into one objective function. What’s extraordinary, the three
sub-objectives has an order. However, the assignment of
weight of each sub-objective has a special way, which makes
the former objectives dominate the later ones. Hence, the
effectiveness of this weighted method in [37] is similar to
cascade mode. The mathematical expression of weighted
method can be expressed as follows:

A. Single Goal
Single goal is one relatively simple form. The evolution
about demand in this form focuses on the content of goal.
With the increasing number of vehicles, how to make best
use of the road capacity is no doubt to be considered firstly.
Researchers try their best to enhance the efficiency of the
whole transport system. The average delay of vehicles in
the intersection is directly related to the length about the
travel time of people. With the premise of ensuring safety,
shorten the travel time is the most effective way to make
personal traffic experience be more enjoyable. This indicator
of performance satisfies the initial traffic demand. Hence, it is
one widely used indicator in many researches [22] [23]. And
it also has alias as average waiting time of vehicle [24] [25].
Besides, many other indicators of traffic performance also
reflect the efficiency about the use of road capacity. Hence,
they are used as the objective of TSC. For example, in [26],
author tries to maximize the throughput of intersection to
enhance performance of TSC. However, the indicators about
the average delay of vehicle and throughput may lead to a
long queue in the assistant road, especially in the period of
congestion. As said in [27] [28], signal timing should aim at
reducing each phase’s queue length. In [29], phases of TSC
are seen as players in a cooperation game. The payoff matrix
of the game is composed of the queue length in each phase.
The indicator about queue length is more appropriate for
the period of congestion. However, the efficiency about the
use of road capacity is not very outstanding in the period
of normal. In [30] [31], reserve capacity is used as the
control objective to optimize signal timing. The degree of
saturation is also a widely used objective of TSC in [32].
At the same time, with the development of society, people
not only concern the efficiency of transport system and
feeling of travelers, but also try to make our transportation
to be friendly to other members of society, like pedestrian
and environment. In [33] [34], pedestrian-friendly is the
core of paper. In [35], environment-friendly TSC also draw
attention. Some of these single objectives are related, others
has a certain degree of conflict. With deepening about the
understanding of traffic influence on the society, the demand
of people is not unitary. Hence, TSC has multi-goals attract
our attention.

T otalGoal = w1 ∗ Goal1 + w2 ∗ Goal2 + · · · + wn ∗ Goaln

(1)

where Goal1 , Goal2 , · · · , Goaln are sub-goals, which sometimes are normalized values. They have the same meaning
in the the following formulas of this section. The subgoals in the weighted method can be different indicators of
performance, but also can be the same indicator on different
objects. In [32], all the sub-goals are the queue length of
different roads on the intersection. Hence, the weight of each
sub-goal is determined by the priority of road.
Multiplication method is also one effective method for
combination of sub-goals. In [38], author takes the number
of passing vehicles multiplied by the additional vehicle delay
as the reward of Q-learning. The mathematical expression is
shown as follows:
T otalGoal = Goal1 × Goal2 × · · · × Goaln

(2)

Besides, intelligent method can be used. In [39], author
proposes the conception of “urgency degree”, and uses fuzzy
inference system to calculate the urgency degree of each
phase. Then, for the goal to maintain the urgency degree
of each phase at a low value, green phase is given to the
phase that has the maximal urgency degree. Maintaining all
the urgency degrees of each phase at low value is the overall
goal. And this overall goal is composed of several detector
values, such as waiting time of pedestrian and vehicle, length
of queue and so on.
It is possible that multi-goals are processed respectively.
In the cascade mode, people will find the solution of one
sub-goal in the solution of other goals. The mathematical
expression is shown as follows:
T otalGoal = Opt{Goal1 (Opt{Goal2 (· · · Opt{Goaln } · · · )})}

(3)

where Opt(·) represents the operation of optimization. In
[40], author tries to improve the traffic quality and reduce
emission at the intersection. During the running of TSC, the
possible solutions about improvement of traffic quality are
selected out firstly. Then, the fitness of solutions will be
calculated based on emission. In [41], Pareto ranking method
is used for multi-goals problems. According to the priorities
of sub-objectives, engineers can pick out the reasonable
solution from the optimal solution set of Pareto ranking.
Besides, as mentioned in the section II, the traffic scene,
especially the traffic state of intersection, is mutative. Hence,
according to different traffic scene, the demand will vary.
In normal traffic state, average delay of vehicle may be
the choice. However, in some extreme traffic states, like

B. Multi-Goals
How to combine multiple control objectives in the process
of traffic control is the focus of multi-goal TSC. One way is
to mix several sub-goals into one overall goal. The methods
of this way have weighted method, multiplication method,
and intelligent method. The other way is to achieve different
goals in different stages or periods of control, such as cascade mode and multi-periods method. In [36], the weighted
method combines the delay time and parking number two
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the congested state and the unobstructed state, taking the
minimization of traffic travel time as the target of TSC is
difficult to achieve a satisfactory performance. When the
traffic state is in congestion, the most important aim of TSC
is to keep drivers from irritability. Too long waiting queue in
any direction of the intersection will lead to the deterioration
about the feeling of traveler. In [42] [43], balance of vehicle
queue became the goal of TSC. On the contrary, in the
unobstructed state, few cars are on the road. It is hard to
improve many indicators of performance by adjustment of
control mode. Hence, in [44], author can pay attention to the
energy consumption and air pollution of transportation. And
a high non-stop pass rate is chosen as the demand of TSC to
reduce re-start phenomena of vehicles in the intersection.
Hence, multi-periods method is necessary. And it can be
used with the Time of Day (TOD) control technology. The
mathematical form can be expressed as follows:

Goal1
Restriction1



 Goal2
Restriction2
T otalGoal =






.
.
.

.
.
.

Goaln

Restrictionn

Fig. 2.

Overview of the main functional elements in the recommendation system
and its related system

(4)

where the restriction in the equation is a description about
the traffic scene, which takes the corresponding sub-goal.
IV. RECOMMEND MECHANISM
According to the aforementioned survey, there is no TSC
strategy that can handle all kinds of dynamic traffic environment. These strategies have their own advantages and
limitations. The research about the dynamic selection of the
most appropriate agents for each specific traffic state in urban
traffic transportation system is necessary. In [45], we begin
to explore how to construct one reasonable recommendation
system for TSC agent for urban hierarchy traffic management
systems. The goal of our recommendation system is to
enable the dynamic selection of control agent for transportation system. As shown in Fig.2, based on our survey on
TSC, our recommend system is one kind of hybrid system
which consists by one content-based recommendation system
and one collaborative filtering recommendation system. The
mode of combination is cascade: We firstly use content-based
recommendation system to get a coarse result, which always
contains several feasible TSC agents. Then, this coarse
result will be further processed by collaborative filtering
recommendation system to get the most suitable agent has
the highest score for traffic management systems. Both of the
two recommendation system will be detailed in the following
part of this section. And in the last part of this section,
we will give an illustration about the effectiveness of traffic
management system based on mobile TSC agents to show
its superiority.

Fig. 3.

Overview of the decision tree in the content-based recommendation system

detail. As the input of decision tree, it depicts the detail traffic
environment of this intersection. In Fig. 3, the whole decision
tree has four levels, which correspond directly to modeling
about the scene under control. Meanwhile, the level1 has its
own sub-levels to identify the model of intersection in detail.
Generally, each level of decision tree has decision node and
chance node to clarify the type of intersection. However,
there are exceptional cases. For example, ramp must be one
intersection in two-way model. There is no need to make a
decision. Hence, there is no decision node on the branch of
ramp in level1.2. Through the decision tree, the demand of
user will arrive at one end node of the tree. End nodes record
all feasible TSC agents for this type of intersection. In the
early stage about the establishment of information database
for TSC agents, some records of end node may be only one
identification number of TSC agent. The worse situation is an
empty set. Under this situation, the system will terminate the
whole recommendation process and return result of this subsystem directly. With the enrichment of database, this sub-

A. Content-based recommendation system
In this sub-system, the demand of user finds the suitable
set of agents by decision tree. The demand of user will illustrate the intersection that need for a suitable TSC agent in
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system will return a set of TSC agents. Hence, collaborative
filtering recommendation system is indispensable to help us
to find out the most appropriate TSC agent.

road of the intersection. Then neighborhood-based algorithm
are designed to calculate the similarity between two users,
produces a prediction for the user taking the weighted
average of all the ratings. According to the traffic state in
the target intersection, we need to find out two most similar
intersection scenes: one is denoted as imax , the other one
is imin . The values of indicators in imax are larger than
the ones in i. And the imin is reverse. The mathematical
expression of similarity is shown as follows:

B. Collaborative filtering recommendation system
The second sub-system employs the user-based collaborative filtering recommendation mechanisms. According to the
similarity between the target user and the reference users
in record, user-based collaborative filtering recommendation
system make use of the existing scores about the merchandize to estimate the preference value of target user on the
merchandize. Different intersections in urban traffic system
are users of our recommendation system. The merchandize
of recommendation system is TSC agent. Hence, our system
needs to have a certain amount of record about the evaluation
of intersections on TSC agents to prevent the first-rater
problem. The problem-solving approach is to make use of
the platform of Artificial Transportation Systems (ATS) [46]
to model several virtual intersection scenes as virtual users.
These virtual users are treated as reference users. According
to the understanding about the demand of traffic control
in the section III, we use the combination about several
indicators of performance to evaluate the preference value of
different TSC for intersections, which are traveler satisfaction, environmental satisfaction and pedestrian satisfaction.
The concretization about indicators is shown as follows.
Traveler satisfaction is reflected by the average delay of
vehicle and the maximum queue length of target intersection. Environmental satisfaction contains two indicators: the
emission about CO and N OX . Pedestrian satisfaction is
dominated by the average waiting time of pedestrian. All
indicators are artificially set the minimum and maximum
value. When the value of sample is out of range, we handle
them as the boundary value. Then, all the values of indicators
are normalized to the range from zero to one. Under different
reference intersection scenes, the mode of calculation about
preference value is assigned by engineers. Based on sampled
values about the indicators of performance, the mode of
calculation can be weighted method, multiplication method,
and so on, which are detailed in the section III. With one
demand of user, what should be noted is that the used mode
of calculation for the reference values of different TSC agents
must be the same. And the preference value of different TSC
agent is called as Scoreid . The “id” is the identification of
the TSC agent in the system. The mathematical expression
of Scoreid is shown as follows:
Scorei = simimax ∗ Scoreimax + simimin ∗ Scoreimin

simimax =
simimin

~i · ~imax
k~ikk~imax k

~i · ~imin
=
k~ikk~imin k

Y
j=1,··· ,n

Y
j=1,··· ,n

~ij − ~iminj
~imaxj − ~iminj
~imaxj − ~ij
~imaxj − ~iminj

(6)

where ~j represents the intersection scene, which is the vector
in the space of indicators. j is the identification number of
the indicator for measurement about the similarity.
As shown in Fig.2, with the predicted score of the agents,
the most suitable control agent is the one who has the highest
score and will be recommended to the traffic management
system. Meanwhile, the performance of TSC agent for the
management in actual traffic system will be successively
returned to recommendation system to enrich the database of
reference users. In [47], we have given a certification about
the superiority of traffic management system based on mobile
TSC agents.
V. D ISCUSSION AND C ONCLUSION
Up to now, lots of strategies for TSC are developed.
However, most of them still remain on the paper. It is a
huge waste of social resources. To utilize of them, it has
two steps. The first step is to solve how to put them into
use. Mobile agent technology can do well. The second one
is to explore the potential of these strategies and make a
full use. We attempt to use recommendation system for TSC
agents to realize the second step. Recommendation system
for agents is one sub-system in aDAPTS. In order to propose
a reasonable system, we survey the status about the research
of TSC. Modeling about the traffic scene under control and
demand of control is the focus of this survey. Based on the
survey, we detail the cascade recommendation mechanism in
our system.
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