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Abstract 
Many researchers around the world are looking for developing techniques or 
technologies that cover traditional and recent constraints in urban traffic con-
trol. Normally, such traffic devices are facing with a large scale of input data 
when they must to response in a reliable, suitable and fast way. Because of 
such statement, the paper is devoted to introduce a proposal for enhancing 
the traffic light decisions. The principal goal is that a semaphore can provide a 
correct and fluent vehicular mobility. However, the traditional semaphore 
operative ways are outdated. We present in a previous contribution the de-
velopment of a methodology capable of improving the vehicular mobility by 
proposing a new green light interval based on road conditions with a CBR 
approach. However, this proposal should include whether it is needed to 
modify such light duration. To do this, the paper proposes the adaptation of a 
fuzzy inference system helping to decide when the semaphore should try to fix 
the green light interval according to specific road requirements. Some expe-
riments are conducted in a simulated environment to evaluate the pertinence 
of implementing a decision-making before the CBR methodology. For exam-
ple, using a fuzzy inference approach the decisions of the system improve al-
most 18% in a set of 10,000 experiments. Finally, some conclusions are drawn 
to emphasize the benefits of including this technique in a methodology to im-
plement intelligent semaphores. 
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1. Introduction 

One of the most pursuit aspects to be improved in modern cities is its transit in-
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frastructures. A traffic infrastructure is a dynamic and open scenario shaped by 
different kind of information which is used to make trustworthy and reliable de-
cisions. In Mexico, the traditional way of controlling a junction is by using a 
traffic light signal. Such control was functional and suitable for the past. The 
number of cars and other relevant factors that affect the uses of the road are 
representing a technological challenge for researchers. In previous work [1] pre-
sented a methodology that makes an evaluation of the green light time based on 
the volume of cars to modify the duration of such light in the next phase of the 
semaphore. However, it was observed that sometimes the change in the green 
light duration was made and this change was not really significant to increase 
the level of service of the road. As a first conclusion, the fact of incurring in a 
non-adequate recommendation could cause both noise in the previously syn-
chronized phase of the junction and increase the computational cost associated 
to the procedure of the system. The relevance of improving the way of adjusting 
the traffic light signals is quite needed due to current road constraints. For that 
reason, the paper proposes to include a prior review of some road aspects in or-
der to decide if a modification of the green light interval could improve the ser-
vice level of the junction. A fuzzy inference system is evaluated in order to cor-
roborate the above statement. 

A Fuzzy inference system can define whether semaphore must modify the 
time assigned to its green light with a high level of reliability. In fact, this tech-
nique is widely implemented to provide decisions under uncertain information. 
For instance, the fuzzy logic is a completely probabilistic technique defined by 
[2] as an extension of the traditional logic that uses concepts of ownership of an 
item which allows to measure the degree of membership of this element within a 
particular class and that has as main advantage the using linguistic terms to ex-
press knowledge, just as the human do in a natural way.  

In [3], the author grounds its arguments about safety in construction indus-
tries on a proper and opportune occupational risk assessment. Recent research 
concludes that such evaluation is quite difficult due to inadequate or uncertain 
data. For thus, the authors propose a Takani-Sugeno fuzzy inference systems to 
cover information lacks. The risk factor and controlling factors for accidental 
injuries are considered as input parameters. Analytical hierarchy process and 
subtractive clustering techniques are used both to evaluate safety levels of each 
type of injury and to reduce the number of rules in the ANFIS, respectively. To 
the end, a hybrid learning process is implemented to prove all the parameters 
corresponding to the input variables. The methodology has been applied to few 
selected construction sites in India.  

Moreover, in [4] for the detection of fire use a diffuse model able to discern 
the areas that present a fire situation by recognition of colors. In this approach, 
the system generates a fuzzy search to locate fire, which handles processes only 
to the classification of binary map of the pixels of the background of the image. 
The fuzzy inference system follows a Mamdani process and consists of four 
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stages: defuzzification of the variable, evaluation rules, composition and defuzzi-
fication, all based on the trapezoidal membership functions. The results show an 
improvement of almost 87% in comparison with the Bo-Ho Cho and Celik algo-
rithms.  

References [5] is proposed a fuzzy rule-based algorithm to evaluate 
job-satisfaction in an organization. The authors suggest interviews to obtain in-
formation about the relationship between effective factors and jobs facets. In 
particular, the Minnesota Satisfaction Questionnaire is used to obtain values of 
basis determinants of the respondents. Some fuzzy rules were generated from 
this information in order to compute the value of job satisfaction using the ex-
pert system shell ESPLAN. The proposed approach shows relevant advantages to 
operate with imperfect information for the evaluation of job satisfaction by us-
ing fuzzy logic.  

Besides, in [6] a study to show how to put an expert system in practice to or-
ganize the security screening process is proposed. Authors highlight the relev-
ance of the expert’s opinion and problems involved in the imprecise nature of 
information to take advantages of fuzzy sets and fuzzy inference system to gen-
erate FUPSCA (Fuzzy Passenger Security Control Assessment). It is used to set 
the parameters of different variables related to the current level of terrorist threat 
in airports. In conclusion, the paper argues that in a near future, the use of mul-
ti-criteria evaluation such as capacity, effectiveness or passenger comfort to 
manage passenger security control systems will be necessary. 

All the aforementioned approaches are evidence of many works oriented to 
provide effective approaches to solve well-detected lacks in transport area. The 
main conclusion of these works aims to continue the evaluation of studies on 
three specific subjects: 1) the interaction among autonomous semaphores; 2) the 
capability of the system to be robust under uncertain data; and 3) the reliability 
on the semaphore decisions. About such statement, the paper argues that the 
implementation of the support decision technique studied appears to be a suita-
ble and robust way to decide when a semaphore must attempt to change the du-
ration of a green light. Different variables can be implicated in this important 
and dynamic decision. However, FIS method arises as a proper solution to be a 
filter which avoids that semaphore performs unnecessary actions. Therefore, the 
motivation of this paper is to strengthen the operatively of a novel methodology 
for controlling semaphores in an autonomous way using a CBR approach. The 
remainder of this paper is organized as follows: Section 2 introduces the specific 
aspects of our proposal. Section 3 presents the results obtained in the experi-
ments. Finally, Section 4 emphasizes the main contributions of the paper and 
defines some ideas for further progress on this interesting domain. 

2. Fuzzy Inference System in Traffic Control 

Modern cities are looking for offering a suitable traffic service level from differ-
ent perspectives (i.e., urbanism, town planning or computer science). The idea is 
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not only to increase the productiveness of the city but also it is to reach a more 
comfortable, secure and healthy environment for all the citizens. Among all the 
particularities of this utopia, roads better administered are one of the most stu-
died topics in the actuality. In this sense, the authors present in [1], a general 
methodology capable of evaluating some aspects on the road in order to modify 
the green light interval of a semaphore using a CBR approach. However, one 
data among the results demonstrate that in occasions modifying such interval is 
not the appropriate response of the system.  

For example, in some cases, the system recommends aggregating 2 or 3 
seconds to the green light interval and this action does not reflect an increment 
in the service level of the analyzed line. In spite of this, it is necessary to evaluate 
real information related to the road conditions before of initializing the 
processes of the methodology. To do this, the authors propose to include a FIS 
technique to define if it is suitable to do a modification in the green light dura-
tion of a determined semaphore. This method will allow the system to validate a 
set of attributes to determine, prior to the start of a green light, if according to 
the conditions of the road, it will be necessary modify the duration of such light.  

To consider a possible change of the green light duration in an isolated 4-lane 
traffic intersection using a FIS (Fuzzy Inference System), we propose a Mamdani 
model with five input variables such as:  
• Number of incoming cars in each line of this specific road. 
• Green light time assigned to the semaphore in its previous intervention in the 

junction phase. 
• Day time in real clock scheduling. 
• Type of road that semaphore should administrate.  
• Traffic condition at the moment of the FIS decision. 

Each of these input variables are represented by a trapezoidal membership 
function. The response of the model (i.e., determine whether or not to change 
the duration of the green light) is then characterized by a triangular function as 
is illustrated in Figure 1. For sake of simplicity, the proposed approach defines a 
set of attributes for each input variable which are introduced in Table 1. These 
values were selected and calculated based on previous work presented in [1] us-
ing experience of human experts on traffic control. 

In this way, the graphical representation of the membership functions of the 
linguistic attributes for each of the defined variables, by using the MatLab diffuse 
control is presented in Figure 2. 

In order to ensure a proper application of green light times in a semaphore, the 
output variable called decision is represented by a dichotomous response (YES or 
NO) (Figure 3). To note, this new system procedure only is in-charge to decide if 
the semaphore should evaluate whether the green light interval must be mod-
ified. Only two answers are defined: “No”, which means that according to the 
FIS, the information provided for the road is not significant enough to indicate 
that a change in the duration of the green light should reflect a better vehicular  
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Figure 1. Scheme of the Mamdani model to evaluate semaphore decisions. 
 

 
Figure 2. Membership representation of the attributes for each input variable and decision. 

 
mobility. Contrary to this, the “Yes” response represents the membership of the 
road conditions in which is recommended to do a change in the time of the 
green light. To express the above, a set of 56 rules was generated, where each va-
riable was combined with the rest, so that all possible combinations were consi-
dered, as illustrated in Figure 4 (only 30 rules are presented). 

3. Experimental Results 

All the experiments were developed on a Macbook Pro with the following  
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Figure 3. Surface view for number of cars and green light time. 

 

 
Figure 4. Review of the behavior rules of the diffuse inference system based on the 
Mamdani model. 
 
specification: 
• macOS Sierra OS10.12.6 version, 
• Intel Core i7 2.90 GHz Processor, 
• 8 GB 1600 MHz DDR3 memory, 
• 1 TB SSD storage. 

To validate the efficiency of the generated FIS, a phase of 10,000 control expe-
riments were performed each, taking as reference the representation of an infra-
structure of four roads, one of the most used in Mexico (see Figure 5) with the 
following characteristics: 
• Each road has movements in both directions. 
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Figure 5. The representation of an infrastructure of four roads 
used in the test. 

 
Table 1. Relation variable attributes for the fuzzy decision model. 

VARIABLE ATTRIBUTE VALUE 

Number of Cars 

None 0 - 3 

A Few 3 - 10 

Some 10 - 25 

A lot 25 or more 

Green Light Time 

Insufficient 0 - 30 

Necessary 30 - 50 

Sufficient 50 - 70 

Excessive 70 - 100 

Day Time 

Early Mourning 0 - 6 

Mourning 6 - 12 

Midday 12 - 14 

Afternoon 14 - 20 

Night 20 - 24 

Type of Road 
Avenue 0.00 - 0.45 

Street 0.45 - 1.00 

Traffic Conditions 

Relax 0.00 - 0.20 

Normal 0.21 - 0.60 

Dense 0.61 - 1.00 

 
• It can turn left (according to the traffic laws that are regulated in Mexico). 
• Continuous right turn (i.e., not necessarily the semaphore should have green 

light, simply the driver must be cautious). 
• Each road has three lanes. 
• Average speed of the car 50 km/h. 
• Different types of cars (i.e., sizes and shapes). 
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The results are compared against the performance obtained from the system 
when it modifies the green light time at all turns of the semaphore cycle. In this 
sense, if the system uses a decision support technique, such as the FIS technique, 
its performance increases by almost 18% as shown in Figure 6. 

Another interesting point of view to be noted is the number of experiments 
each one of the proposed approaches needed to reach stability in the overall sys-
tem performance. In other words, this data reflects the number of situations that 
system requires to get sufficient information into their data base in order to 
reach trustworthy and reliable decisions. For instance, in Figure 7 the computed 
curve using a sliding window up to the current trial with a smooth order 3 me-
thod for the performance of the system under different solution perspectives is 
presented. As can be noted, the system requires almost 1000 cases to reach a 
more stable behavior in order to ensure a suitable and constant mobility level. 
 

 
Figure 6. Performance obtained when the system uses a FIS to decide whether or not to 
modify the green light time. 
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Figure 7. Comparison of the computed curve of trial experiments to reach system stabil-
ity. 

4. Conclusions and Future Work 

Road traffic congestion is one of the main causes in low productivity and the 
decrease in modern city standards. In this sense, some recent trends in artificial 
intelligence suggest that in the near future, intelligent agents will improve some 
road challenges. In this light, the present paper introduces the use of a fuzzy in-
ference system to define when it will be opportune to change the length of the 
green light in a determine traffic light signal looking for improving the level of 
service offered in a particular junction. 

The results show that using a decision support technique, such as a fuzzy logic 
rules, the system performance increases in almost 18%. Therefore, it is possible 
to identify that the use of this technique allows the system to modify the dura-
tion of the green light, improving its decision-making process which is reflected 
in an improvement of its operative capacity, its reliability and certainty. It is 
important to remark that for experimental tests, the human factor had a vital 
role because an expert in traffic control recommends the variables and the rules 
consider in the FIS. For future approaches, it is necessary considered to expand 
the study about which data should be taken into account in order to reach a 
suitable and trustworthy set of real variables. 

From the obtained results, it is possible to argue that the proposed approach 
achieves significant benefits in vehicular mobility, in terms of congestions by in-
creasing the traffic capacity of any intersections. However, future investigation is 
suggested including the following aspects: “Issues such as acceleration and 
des-acceleration, collision avoidance and vehicles with different velocities, must 
be included in the simulator by offering a set of more realistic situations in the 
virtual instrument proposed here”. 

Indeed, people are different and react modifying their behavior pattern, con-
sidering variables that have not impact on the situation. Drivers are the most 
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important source of data. At the moment, the literature has not reported a sys-
tem robust enough to satisfy the road constraints of the cities. Intelligent trans-
port systems must be closely designed according to the human beings. In this 
light, it is necessary to develop inference models based on humans where emo-
tions, beliefs, politics, manners, etc., can be considered. In this light, it is neces-
sary to develop inference models based on human must consider emotions, be-
liefs, politics, manners, etc. 
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