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1. Introduction

Recently, the traffic phenomena are one of the most serious problems in most cities. It has had negative
consequences on air quality and the quality of people’s life. With the development of advanced technologies as
intelligent control systems, negative consequences have been significantly decreased.

So, the aim of this study is to optimize and reduce vehicular emissions and fuel consumption of urban
intersections in Boroujerd city by Fuzzy Logic (FL). For implementing this research, two software were used,
including Synchro 8 and Matlab software. The novelty of this research is to design an optimized controller
system for urban intersections. Additionally, this paper guides traffic engineers to control the negative effects
of traffic congestion over vehicular emissions and fuel consumption in a simple way. The results of comparisons
between fuzzy logic and fixed time controllers for vehicular emissions, and fuel consumption are indicated.

2. Methodology
2.1. Experimental study

As traffic congestion is a stochastic phenomenon, its negative impacts on the environment need to be
controlled and predicted. From advanced technology and intelligent systems, Fuzzy logic is recommended to
play as human behavior in predicting and controlling these effects. Fuzzy logic has many applications in traffic
and road maintenance (Shirmohammadi and Hadadi, 2017; Shirmohammadi and Hadadi, 2017). This inference
system initiates by applying input variables, an inference engine like Mamdani and Sogno and output variables.
Additionally, for obtaining Crisp Value from this system, input and output variables according to fuzzy
functions such as Triangular membership function, Trapezoidal membership function, Gaussian membership
function, Generalized Bell membership function, and Sigmoid membership function are categorized. Butin the
present study from the most popular Gaussian membership function is used (Jyh- Shing Roger et al.,, 1987).

2.2. FL. modeling

After using the Gaussian Membership Function for inputs and outputs, fuzzy operators including Union,
Intersection, and Complement Operators are used to make fuzzification and defuzzification models in the
inference engine based on knowledge-base. Based on this research, input variables are defined as volume, total stop,
stop-delay, average queue length. Vehicular emissions such as CO, HC, NOx, and fuel consumption are applied to examine
and optimize the effects of traffic phenomenon on these emissions and fuel consumption.
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Fig. 1. Fuzzy controller system of urban intersections

3. Results and discussion

As mentioned in the paper, Fuzzy logic operated as an intelligent controlling system at urban intersections.
After simulation it in Matlab software, results were obtained and categorized in Figures 2a, 2b, 2c, 2d. From
these figures, and by comparing vehicular emissions and fuel consumption between fixed time with fuzzy logic
controller, emissions HC, CO, Nox, and fuel consumption were reduced by 22.4%, 18.6%, 17% and 26.2%,
respectively. From these, it can be inferred that fuzzy logic controller has shown lower vehicular emissions and
fuel consumption than fixed time controller in Synchro 8. Also, Table 1 illustrates that the fuzzy controller has
average prediction under 50% in which shows that it has acceptable accuracy. Then, in order to prove the
accuracy of this intelligent controller system in comparison with the fixed-time control. The paired Skewness
test, Correlation Test, T-test, and Kolmogorov-Smirnov Z test were used, and results showed that this
intelligent system has a positive role in reducing vehicular emissions, fuel consumption in urban intersections.
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Fig. 2. Comparison of vehicular emissions and fuel consumption by the fuzzy logic controller: a) Comparison of HC emission
between two proposed controllers, b) Comparison of CO emission between two proposed controllers, ¢) Comparison of NOx emission
between two proposed controllers, d) Comparison of Fuel consumption between two proposed controllers
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Table 1. Average Prediction error (%) by the fuzzy logic controller

Urban Intersections Fuel consumption NOx emission HC emission CO emission
Shohada Roundabout 18 17 33 3
Hafez Junction 0.3 1.3 0.47 4.4
Ghiam Roundabout 57 57 57 45
Safa Roundabout 29 31 17 3
Baghmiri Junction 42 12 29 11
Average Prediction error (%) 30.66% 23.66% 38.70% 13.28%

4. Conclusions

By using fuzzy logic, results showed that emissions HC, CO, NOx, and fuel consumption were reduced by
22.4%, 18.6%, 17%, and 26.2%, respectively. This study was emphasized on the positive role of fuzzy
intelligent systems in controlling these parameters. These results show that using the fuzzy actuated controller
system has a positive role in reducing and optimizing vehicular emissions and fuel consumptions. In addition,
for approving the results, the skewness test, the pair T-test, and the Kolmogorov-Smirnov Z test indicated the
accuracy of this system in controlling vehicular emissions and fuel consumption in urban intersections in
comparison with fixed-time controller.
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