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Novel algorithm of traffic signals adaptive control on urban roads intersections
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Abstract: The control of traffic flows on urban roads intersections through the traffic control signals is very important, not only does the jammed
traffic statement valuably relieve and the ratio of the traffic availability increase, but also the traffic accidents evidently decrease. In this paper, an
adaptive algorithm of traffic control signals on the urban roads intersections is designed in , this new algorithm can actively adjust the concrete
control times of the traffic control signals based on the perceiving information of the waiting vehicles in real time, then the dynamic balance
between the traffic control signals and the traffic flows can be realized. Furthermore, through experiment testing and demonstrating, this adaptive

algorithm expresses some fine performances, it also shows good application prospect in the field of smart city.
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1 Introduction

In urban areas, roads on ground always have many intersections
with different directions which become the conflict of traffic flows,
in order to pass through the intersection with safety, order, and
high availability, the vehicles must be guided, separated and con-
trolled near the intersection. Traditionally, traffic control signals
which are installed on the intersection of urban roads can make key
roles of separating vehicles and avoiding traffic conflicts. Gener-
ally, in the same moment, the traffic control signals permit two dir-
ections which are opposite each other traffic flows to pass through
the intersection, and the rest traffic flows with other directions are
forbidden to pass through the intersection simultaneously, that is
the rest traffic flows are stopping to queue.

The operation of the traditional traffic control signals takes some
defects, there are some typical cases, the most ordinary situation is
that the vehicles make long queue up on one side because the con-
trol time which the traffic tools are allowed to pass through the in-
tersection at the direction is too short, on the contrast, there are no
traffic tools on one side road because the control time which the
vehicles are allowed to pass through the intersection is too long,
and many traffic tools which are from other side directions of the
intersection have to make queue up too. Those situations may lead
to decrease the traffic availability and postpone the driving time of
the drivers and passengers. To analyze the defects of the existing
traffic signals control technologies, the main problem is that the
control times of the traffic control signals are ordinarily static after
the systems of the traffic control signals are installed, so the con-
trol times can not reflect the performance of the change of the
traffic flows on the roads near the intersection, this factor becomes
a reason to make some traffic accidents.

There existed some documents to study the optimization of the
traffic control signal system, in document [1], optimization meth-

od of continuous light control on intersections was studied, in doc-
ument [2], stochastic optimization framework for road traffic con-
trols was pointed out, in documents [3-6], the optimization meth-
ods with advanced IT are analyzed, in document [7], a sub-optimal
algorithm based on the idea of adaptive equalization was discussed,
in documents [8-12], some relevant technologies of the traffic con-
trol signals are analyzed, and so on.

In this paper, based on the analysis of the characters of the traffic
flows and operational principles of the traffic control signals, a of
adaptive control is pointed out, the key idea of this adaptive al-
gorithm is that the change of the traffic control signals matches up
the change of the traffic flows in real time, the traffic availability
can increase and the ratio of the traffic accidents decreases.

2 Analysis of the traffic flow characters and the traffic signals opera-

tional principles on a road intersection

The traffic flows that are near urban roads intersection have
some particular properties, these properties can be summed up the
following points: one is that the road intersection is a junction of
the different directions of different traffic flows, so some traffic
flows are variable, not only do the velocities of it change, but the
concrete directions of it change, then the continuous flow changes
to be interrupted, so the continuous traffic flow becomes discrete
traffic flow. Two is that the traffic flows which are on near the in-
tersection have the properties of randomicity and periodicity, with-
in a long duration, the traffic flows express the periodic phenom-
ena, but as to the concrete properties, such as the length of the
queuing traffic flow, are random at due time.

Furthermore, the traffic flows are concerning with the concrete
spatial shape of the intersection. Generally, the shape of the inter-
section is trinacriform (three-fork) or x-form shape (four-fork), so
if the traffic control signals are not be equipped and make effect,
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then the traffic flows which are from different directions will come
to a clash on the same time. So the traffic control signals are de-
signed to make controls to decide the different traffic flows to be
the passing statement or the stopping statement. Based on the laws
of urban road traffic and intersection shape, the traffic flows with
driving on right on near the intersection at same time are con-
cluded as follows of Fig. 1 and Fig. 2.
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Fig. 1  All possible statements of traffic flow in three-way intersection.
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Fig. 2 All possible statements of traffic flow in four-way intersection.

Based on the performances of traffic flows on the near sides of
the intersection, then the whole working of the traffic control sig-
nals can be regarded as the repeat of the period 7 which the sig-
nals are working in a completely turn, further, a period 7 also can
be divided into some different processes, in one process expresses,
are only a pair traffic flows with the counter-direction each other
are permitted to be passing the intersection, the other traffic flows
with other directions have to be the stopping statement, then, a pro-
cess of the whole period T is denoted a phase. Then if a whole
period T is divided into n (n>2) processes, and every process is
decided to maintain ¢ (1 <i<n) duration time, the period T is de-
noted as Eq. (1):

=34 )
i=1

Based on the above analysis, the traffic control signals working
principles are restricted by two key elements: one is n that ex-
presses the number of the phases in a whole period, another is the
duration time of every phase. n is influenced by the shape of the in-
tersection, and the duration time of a phase is influenced by the
traffic flow queues in real time.

3 Analysis the principle of this novel method

Traditionally, the period T and duration time of the traffic sig-
nals control were prior designed in and constant, then the working
rhythms of traffic signals do not adapt to the changeable rhythms
of the traffic flows in real time, so there will appear two extreme
phenomena, one phenomenon is that the control signal expresses
the ‘passing’ statement, but there are no traffic tools to pass the in-
tersection, the road is in idle condition, then the traffic efficiency

decreases, another phenomenon is that there are many traffic tools
to wait for passing the intersection and to become a long length
queue, which dues to taking place traffic accident, this phenomen-
on becomes a reason to decrease the traffic efficiency on near the
intersection roads, it also brings about the drivers dispiriting.

In order to overcome the above defects of the traditional traffic
signals control on urban roads intersection, the is designed in, the
main creative point of this algorithm is that the working rhythms of
the traffic control signals are adaptive to the changes of the traffic
flow in real time, that is the duration time of every phase adapts to
the time of the waiting queue of the traffic tools, besides, the peri-
od Talso adapts to the time of a whole turn of the traffic tools
change. Then in generally, the algorithm can be described as fol-
lows: based on the recognition of the traffic tools on the roads near
the intersection with video signal or other perceiving signals
modes, the duration passing time of the passing traffic flow, which
adapts to the real traffic flow, are estimated, then two extreme phe-
nomena of decreasing traffic efficiency can be avoided.

The concrete realization of this is divided into three steps. At
first, near the intersection, some perception devices have been
equipped and these devices can offer fine sensing information.
Secondly, based on the shapes of the intersection, the working
phases which decide the passing statement or stopping statement of
the different traffic flows by the traffic control signals are decided
prior, the parameter n is decided too. Thirdly, the duration time of
phase when one direction of the traffic tools is permitted to pass the
intersection is concretely calculated.

To presume the traffic control signals to change the passing
traffic flow on the moment 7,, then on the direction which the
queuing traffic tools will change the statement from the stopping to
passing, the queuing length is perceived by the perception devices,
if the queuing length is /., the vehicles which are queuing within
the length 1 (I < I,x)are asked to pass the intersection in this phase,
and also v, is presumed the average velocity of passing the inter-
section, ¢, is presumed the average time from the startover of the
first vehicle to startover of all waiting vehicles in the queue, ¢ is
presumed the time of the last vehicle which is permitted to pass the
intersection during this phase, #;; and ;3 can be decided through
statistical analyzing the history record data of the intersection.
Then duration time of this passing statement is denoted Eq. (2):

=11+t + 13, 2
Here, 1;, is decided by Eq. (3):

tia =1/v. 3
Furthermore, Eq. (1) is rewritten as Eq. (4):

T= Zli,l +tip+1i3. 4)
i=1
Then the operational time ¢ of the traffic control signals can be
described as Eq. (5):

n
t:T()+mT:T()+m[zt,"1+t,‘,2+t,',3]. (5)
i=1

Here, parameter m is the period number of the operating traffic
control signals.

Because the duration time of different phases of the traffic con-
trol signals is dynamic and adaptive to the change of the real traffic
flow, so not only the duration time but also the period T does be-
come variables, they can accurately reflect the change of the traffic
flows in real time. Furthermore, if the perception devices perceive
no vehicles to make queue in the coming passing phase, then the
duration time of the next passing statement becomes zero, that is
the phase of passing statement will jump to the next phase. And so
on.

Fig. 3 is a summary of this adaptive algorithm.
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Based on the constructs and properties of the road intersection, the concrete period
and phases about the statements of “passing or stopping” are determined, and the
original values of the phase lasting time are assigned.

'

To detect and make perception the traffic flow that will be turned to the statement
£ of passing, then the queuing length of the traffic tools is checked.

'

To determine the queuing length /, which is asked that distance between the
queuing tool and the intersection is smaller, then the tool will pass the
intersection in this passing statement.

v

1<isn

Based on form /v, and ¢, , ¢, that are prior set, then the lasting time of the
passing statement is gained through the form ¢=t, ,+¢,;+¢, ;. Furthermore, the
period T'is gotten by form Z (t,+t,5+t,5). (Here, v, is an average velocity of

the traffic flow under the condition of passing statement.

!

The traffic signals make the control of passing statement of this phase as
well as the others keep the stopping statement.

v

This phase will be finished, the passing statement phase will turn to
the next, then the above processing will be repeated.

'

To finish a completely process of the whole period.

Fig. 3 The diagrammatic sketch of this adaptive algorithm.

4 Realization and test performance analysis

As to now, the technologies of perception and computing have
rapidly developed, some advanced technologies of them have been
applied successively in traffic field, especially, some algorithms
that focus on the domain of the intelligent traffic system also have
appeared along with the developing the Al so the complex com-
puting problem and others had no longer become the obstacles of
the novel technologies application. So the perceiving and comput-
ing technologies can support completely this adaptive algorithm to
be realized. Furthermore, this algorithm is regarded as a part of the
urban intelligent traffic system (ITS).

In order to test the advantages of this adaptive algorithm, an ex-
periment was made. In this experiment, the performances of road
availability and postponing time are considered, the testing results
of the novel adaptive algorithm are compared with the testing res-
ults of the const time control method, then Fig. 4 and Fig. 5 are
gained.

Based on the results of the concrete test, it is clear that this ad-
aptive algorithm can really increase the traffic availability and effi-
ciency, besides this, the phenomena of the long queuing and no
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Fig. 4 Ratio of the road availability.
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Fig. 5 Postponing time of the vehicle.

vehicles waiting no longer show up, then it also decreases the post-
poning time of the vehicles that passed through the road intersec-
tion.

5 Conclusion

This novel adaptive algorithm is based on the advanced intelli-
gent technologies on traffic fields, then the traffic control signals
can dynamic adapt to the change of the traffic flows in the real
time, some extreme phenomena of decreasing traffic efficiency and
breeding traffic accidents can be effectively avoided. The test res-
ults demonstrated that this adaptive algorithm is really valuable.

Furthermore, with the continuous developing of the cognitive
technologies and the analytical technologies, the performances of
this will express more outstanding, this algorithm will have a very
broad development application prospects in the future.
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