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Abstract—Road transport operators in Nigeria have been in search of measures that will assist them operate, 

manage and facilitate their activities on a timely dispatch. The dynamic optimization process that will 

accommodate far more uncertainties in the fuzzy modelling process. With the utilization of a novel approach 

for a modified Type-2 fuzzy system for Traffic Control Management Information System (TRACMIS-2) 

using Gaussian membership function for traffic congestion control will go a long way in managing their 

business as alternative to the usual conventional traffic control system. A fuzzy technique with higher 

footprint-of-uncertainty as in the case of Type-2 fuzzy systems that uses specific context data, this can lead to 

improved results, particularly in real-time simulation studies. However, this research focuses on designing a 

modified version of a type-2 fuzzy network model using Gaussian membership function for traffic congestion 

control. Dynamic modelling performed with real-time data obtained from Rumuokoro roundabout, in the 

outskirts of Port-Harcourt were tested using the Type-2 fuzzy logic toolbox. The methodology used is Model-

based Process Oriented Methodology in MATLAB-SIMULINK environment. Simulation results obtained 

were compared with conventional Type-2 fuzzy logic system based on trapezoidal membership function and 

Karnik-Mendel (KM) technique with a modified version of KMmod. The switch–point algorithm is what led 

to improved runtimes. Results of simulations show that the modified type-2 fuzzy logic systems reduce waiting 

times of vehicles on signal which is an improved performance in traffic congestion control management. 

 

Keywords— Type-1 fuzzy logic, Type-2 fuzzy logic, Gaussian membership function, Karnik-Mendel 

I. INTRODUCTION 
 

Nowadays traffic congestion is a recurrent problems that are peculiar to large cities and towns which 

represent one of the core problems faced with large modern cities. In Nigeria, and Port-Harcourt City in 

particular, the alarming rate of traffic jams has made the Government embark on emergency road reconstruction 

and building demolishing exercises leading to increased government expenditure and displacement of persons. 

Traffic congestion is also the primary cause of long queues, and lost man-hours in everyday business activity. In 

order to tackle the problem of traffic congestion, the traffic light control system has been the fundamental 

solution approach in the transportation sector.  Modern soft-computing techniques and hardware tools have been 

developed and integrated into existing traffic light control systems by researchers and industry experts to 

improve their performance.  Some of these tools include the use of embedded systems, fuzzy logic and neuro-
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fuzzy systems, Global Position System (GPS) monitoring and the use of geographic information system (GIS) 

software. 

 

    Fuzzy Logic has been applied in several ways and is very important Artificial Intelligence (AI) techniques 

that allow human based reasoning to be integrated in a computing environment. Fuzzy Logic permits vagueness 

and degrees of uncertainty into the system solution space thereby accounting for a global prediction on the 
feature data. In road transportation sector, fuzzy logic has been applied widely and proved to be useful means of 

improving traffic flow.  Several researches have been carried out in Fuzzy systems which lead to the 

development of type-1 and type-2 fuzzy logic systems.  Type-2 fuzzy system has recently attracted attention as a 

candidate fuzzy technique for short-term traffic forecasting [1].  This paper, focus on the use of type-2 fuzzy 

system to proffer solutions traffic congestion problem. 

 

II. RELATED WORKS 

     Traffic control and management is a well-researched topic that keeps on evolving as the demand for better 

control policies arise. And as such, there is always diversity in the nature of solutions used by the various 

researchers.  

 

    Practical investigation on the feasibility of T2 fuzzy logic systems in Traffic light control systems. They 
described a T2 fuzzy inference system for short-term road forecasting using historical and real time information 

for rules construction in the context of flow and occupancy levels.  The systems can account for the large foot-

print of uncertainty (FOU) desirable in processes requiring a wide variation of site-specific explanatory factors 

[1].  

 

    Indications on how T2 fuzzy set can efficiently manage large amount of uncertainties was proposed, this had 

three dimensional membership functions. T2 FLC has better performance but the performance is largely affected 

by the quality of the fuzzy rules and it is difficult to determine optimal performance of membership functions of 

T2 FLC [6]. 

 

    A traffic control system which focused on emergency scheduling using Type-1 fuzzy system was designed.  
This was based on a trapezoidal membership function (MF) where, Ambulance, Police and Fire Brigade blocks 

represent input membership linguistic function ranges, the Mamdani block represents the Fuzzy Inference 

System (FIS) rule set containing the antecedent and consequent, and the Green time for Ambulance, Police and 

Fire Brigade blocks represent the output membership time class linguistic ranges. The Green time is use to 

separate the input membership linguistic and the output of FIS rule of the Mamdani block membership time 

ranges.  These system, however, do not appear to have the capability to handle the problems identified with the 

current traffic control system with dynamic and multi scenario [7]. 

 

    From their research it was clear that several factors with uncertainty characteristics as in road traffic system 

can be handled more efficiently when T2 FLC system are applied.  This necessitated our design and 

implementation of a new system which is T2 FLC based to solve the problems. 

 
    An Active RFID and GSM technology to monitor and measure road traffic congestion was proposed. This 

technology was deployed to probe vehicles and collect real time traffic data which made it easy as a platform to 

analyse the traffic movement and congestion pattern.  The congestion detection algorithm is based upon 

calculation of vehicular speed over a stretch of road and the average waiting time of vehicles at 4-way 

intersection (+ junction ie road-crossing) [2]. 

 

A. Intelligent Traffic Signal Control (TSC) System 

Generally, most TSC work focused on single intersection based on type-1 fuzzy set [3] [4].  Type-2 FLC can 

deal with more uncertainties in the road traffic control system when compared with Type-1 FLC.  The traffic 

signal control (TSC) system has many uncertainties, ranging from traffic queue length (collected by the auto-loop 

detectors, is non-stationary, and it varies all the time), length of cars, road condition, weather and to traffic rules, 
etc.  Hence, new intelligent approaches are needed to deal with the complexity and uncertainness of the TSC 

system, which makes Type-2 more suitable. 

 

B. Type-2 Fuzzy Logic Systems 

The primary purpose of developing the T2-FS was to extend the foot-print of uncertainty (FOU) of the 

membership functions (MF) in a T1-FS. Thus, a T2-FS is basically a T1-FS using more than one MF in an 

uncertain and imprecise way.  
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Such uncertainty may come from: 

a. Different meanings of word–used in fuzzy rule base-to different people 

b. Experts designing the fuzzy system having different opinions 

c. Noisy training data 

d. Existence of noise in measurement of fuzzy logic system (FLS) inputs. 

 

C. Type Reduction (TR) 

In IT2-FS, MF are bounded [5] that is, they are fixed at an upper bound (upper-MF) and lower bound (lower-

MF).  Type-reduction (TR) is a technique used to transform a IT2-FS to an equivalent T1-FS.  TR is a necessary 

step before a transformation process is attempted.  

 

    Defuzzification of a type-2 fuzzy may be considered a two-stage process. The first stage is type reduction that 

produces a type-reduced set; a type-1 fuzzy set that is a fuzzy representation of the centroid of the type-2 fuzzy 

set. This set can then be defuzzified to give a crisp number as show in figure 1.  Type-reduction is an extension 

of type-1 defuzzification, by applying the extension principle to a selected method of defuzzification. It 
transforms a type-2 fuzzy set into a type-1 fuzzy set. In IT2 systems the type-reduced set is an interval set that is 

determined by two end points. A type-reducer is often necessary to transform an interval type-2 fuzzy inference 

system (IT2-FIS) to an interval type-1 fuzzy inference system (IT1-FIS).  

 

 
Figure .2.1: Type Reducer (TR) Systems Schema used in the IT2-FS to IT1-FS Transformation Step [5]. 

 

The approach of decomposition of an IT2 FLS, is to perform the fuzzy analysis in two separate paths. The crisp 

input is fuzzified using the upper membership functions in one path and the lower membership functions on the 

other path. The Type-1 fuzzy outputs of both controllers are computed separately using the inference engines 

and the rule base. The last step is to combine both sets to find the foot-print of uncertainty (FOU) for the output 

membership function.  

 

III.  ANALYSIS AND DESIGN OF TRACMIS-2 

The model-based Process Oriented Methodology (POM) [8] is adopted in this paper.  The proposed Traffic 

congestion Control and Management Information System called here as TRACMIS-2 is based on the interval 

type-2 fuzzy system (IT2-FS). Its architecture includes additional functions (context data) and is captured in 

Figure 2. These context functions include: Occupancy level, Vehicle-type, Emergencies and Route-mapping. 
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Figure 2: FIS Architecture of Proposed Traffic Control and Management Information System Type-2 

(TRACMIS-2) 

 

    The Use case diagram is used to model a typical scenario of the proposed TRACMIS-2 (Traffic control and 

management information system based on T2-FIS) as shown in figure 3. Figure 3 describe possible scenarios 

and actors for executing one or more of these scenarios.  

 

     The use case in figure 3 captures four key actors denoting vehicle passes for the four lanes under study. Each 
actor has a dependency on the vehicle passing state use case (VPSU). The VPSU includes four use cases 

(Ambulance, Police, Vehicle Failure/Accident and Fire Brigade) as input member providers. There is also a 

strong dependency of the VPSU on the FIS Engine use case. 

 
Figure 3:  Use-case Model of Proposed TRACMIS-2 

 

A. Input/output Membership Functions Specification Data 

    The membership function values depend on case study data obtained from the field. North–South Readings 

from Owerri before Rumoukoro Roundabout.  East–west Readings from Choba end before Rumuokoro 
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Roundabout). Table 1 and Table 2 contain the input specifications for TRACMIS-2 and Table 3 and Table 4 

describes the input expectations of road traffic based on the case study environment and a definition of their 

possible membership function including linguistic definitions. This case study environment is the Rumuokoro 4-

way intersection. For instance, in a type-2 definition, a lane or way may be defined as fast or very fast if the 

number of current vehicles in its path is between 0 and 20. This approach is fuzzier in modelling and 

characterizing road traffic than the conventional type-1 approach. Extending the membership function (MF) 
level and type-2 has some important advantages including expanding the solution search space, and quick 

convergence. Thus, instead of only using trapezoidal MF, we add additional triangular and Gaussian MFs 

including upper and lower bounds to assure a larger footprint -of- uncertainty in a Type-2 FIS. Traffic control 

coordination rules are also embedded in the FIS to account for the various input member conditions or state of 

affairs. 

 

Table 1: Input/output Specifications for TRACMIS-2 using Trapezoidal Membership Function 

Variable Variable Function Membership 

Function Value 

Range 

 

Linguistic 

Label 

(1) 

Vehicle (Car) Input 0.1 - 1.0 Low 

Vehicle (Bus) Input 1– 2.0 Low 

Vehicle (Truck) Input 2.1 - 2.3 Low 

Occupancy1 Input 0.0 -10- 17.5 Slow 

Occupancy2 Input 49.1-  50.0 – 99.0 Moderate 

Occupancy3 Input 99.1-100.0-120.0 Fast 

 

Table1, shows the input/output specifications used for TRACMIS-2 experiment using Trapezoidal Membership 

Function. 

 

 

 

Table 2: Input/output Specifications for TRACMIS-2 using Gaussian Membership Function. 

Variable Variable 

Function 

Membership 

Function 

Value Range 

(1) 

Membership 

Function Value 

Range 

(2) 

Linguistic 

Label 

(1) 

Linguistic 

Label 

(2) 

Vehicle (Car) Input 0.0 0.1 - 1.0 Low High 

Vehicle (Bus) Input 1.0 1– 2.0 Low High 

Vehicle (Truck) Input 2.1-2.5 2.1 - 2.3 Low High 

Occupancy1 Input 0.0 - 10.0 -17.5 0.0 -10- 17.5 Slow Slow 

Occupancy2 Input 49.1-50.0 -99.0 49.1-50.0 – 99.0 Moderate Moderate 

Occupancy3 Input 99.1-100.0-120.0 99.1-100.0-120.0 Fast Fast 
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Table2, shows the input/output specifications used for TRACMIS-2 experiment using Gaussian Membership 

Function. 

 

 

Table 3: Data Structures of TRACMIS-2 Parameters 

Parameter Description Data Type 

Variable Can be either of output or input String 

Variable Function Can be either of output or input Object 

Membership Function Value Range 

(lower) 

 

Defines a lower bound in a Type-2 fuzzy 

system 

Single 

Membership Function Value                                                                            

Range (Upper)  

Defines an upper bound in a Type-2 fuzzy 

system 

Single 

Linguistic Label Used to tag a membership function and 

make for a more user friendly application  

String 

 

 

Table 3, illustrates the data structures of TRACMIS-2 Parameters as used for experimentation. 

 

 

Table 4: Functions of Context-Data used in TRACMIS-2 

Context Data Function 

Occupancy-level A key context that provides as input to the FIS, a time 

(delay) span (in milliseconds) of a vehicle in a pre-

specified route and at a uniform and well defined 

reference distance from a +-junction 

Vehicle-type This context defines the type of vehicle (car, bus, or 
truck) within a route with respect to the occupancy-

level. The vehicle must be present at the reference 

distance and for a given occupancy-level. 

Emergencies Defines three optional core-type emergencies including 

medical ambulance, fire brigade and police sirens as 

additional context drivers 

Route-mapping This includes a route context into the system model; a 

typical route can be defined as North-South or East-

West routes. 

 

 

Table 4, illustrates the functions of Context-Data used in TRACMIS-2 as used for experimentation. 
 

 

IV.  EXPERIMENTATION 

     The modified Karnik-Mendel algorithm was used to speed-up the TRACMIS-2 data processing and 

implemented in MATLAB-SIMULINK environment. Several input were collected from Rumoukoro 

Roundabout (a 4 way junction) Port Harcourt, Rivers State of Nigeria uses a different time interval to represent 

the traffic situation of the junction and feed into the system.  Figure 4 shows the results of simulation using the 

RUN Model user dialog block where the user specifies the vehicle type and occupancy level. 
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Figure 4: Implementing the TRACMIS-2 System 

 

 

 

 
 

Figure 5: Sample Session when Implementing the TRACMIS-2 FIS System when Traffic is Free 
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Figure 6: Sample Session when Implementing the TRACMIS-2 FIS System when Traffic is not Free 

 

 

Table 5: North-South using the KM Method; Best Times and Mean of Mean Times (MoMt) are in Bold 

 

S/N   Run-Time(s) 

1 44.91 

2 48.56 
3 48.51 

4 44.25 

5 48.54 

Mean 46.95 

 

 

 

Table 6: North-South using the Modified (Custom) Method; Best Times and Mean of Mean Times 

(MoMt) are in Bold 

 

S/N Run-Time(s) 

1 47.55 

2 47.26 

3 43.27 

4 47.08 

5 44.60 

Mean 45.95 
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Table 7: East-West using the KM Method; Best Times and Mean of Mean Times (MoMt) are in Bold 

S/N Run-Time(s) 

1 47.42 

2 38.63 

3 48.27 

4 42.37 

5 47.81 

Mean 44.90 

 

Table 8: East-West using the Modified (Custom) Method; Best Times and Mean of Mean Times (MoMt) 

are in Bold 

 

 

 

 

 

 

 

 

 

 

Table 9: Predicted Responses (Traffic States) at the Best Runtime (N-S KM vs N-S modKM); Note both 

the KM and modKM are Interval-Valued (i.e. of Continuous form) 

Index No. Actual N-S KM N-S modKM 

1 0 0.479 0.479 

2 1 0.500 0.500 

3 0 0.479 0.479 

4 0 0.500 0.500 

5 1 1.000 0.852 

6 0 0.000 0.002 

7 0 0.000 0.021 

8 0 0.000 0.007 

9 1 1.000 0.814 

10 0 0.000 0.074 

11 0 0.000 0.004 
12 0 0.000 0.001 

13 0 0.000 0.002 

 

 

 

Table 10: Predicted Responses (Traffic States) at the Best Runtime (E-W KM vs E-W modKM); Note 

both the KM and modKM are Interval-Valued (i.e. of Continuous Form) 

Index No. Actual  E-W KM E-W modKM 

1 1 0.999 0.999 

2 0 0.459 0.459 

3 1 0.500 0.500 

4 1 0.472 0.472 

5 1 0.999 0.999 

6 0 0.459 0.459 

7 1 0.466 0.466 
8 0 0.459 0.459 

9 1 0.500 0.500 

10 0 0.459 0.459 

11 0 0.500 0.500 

12 1 0.499 0.500 

13 0 0.459 0.459 

S/N Run-Time(s) 

1 37.11 

2 36.97 
3 47.32 

4 49.47 

5 41.16 

Mean 41.16 
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Figure 7: Continuous (Interval) Plot of Traffic States for the North-South (NS) Route 
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Figure 8: Continuous (Interval) Plot of Traffic States for the East-West (EW) Route 
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V. RESULT AND DISCUSSION 

     The results of the proposed novel system have been analyzed for different vehicle type ranges and also 

different occupancy levels to validate the correctness of the proposed systems approach. As can be clearly seen, 

T2 - FIS has no upper /lower members (Table 5). For the T2- FLS, the result obtained from Table 6 shows that 

the Membership function value range from 0.0 (lower) to Membership function value range 0.1.0 (upper) 

indicate that when the linguistic label is (lower) and the linguistic label is (upper) and that indicate that there is 

free flow of vehicle (car) within the limit show of all the parameter of the variable used. The membership 

function value range obtained for vehicle indication that there is free flow of Bus and Truck in linguistic label. 

While the occupancy input/output specification show the variable obtained in membership function, which the 

value will lower or upper indicates that there is congestion because of the increase in the occupancy level. 

 

     The parameters for simulating the intelligent Traffic Management and Information system, fuzzy inference 
system (FIS) integrated Type-2 Fuzzy Traffic system (TRACMIS-2): North –South Readings from Owerri 

before Rumoukoro Roundabout: East –west Readings from Choba end before Rumuokoro Roundabout. The 

results illustrate the predicted traffic states for the different simulated values of vehicle-type and occupancy 

levels. The results show that the TRACMIS-2 system can give reasonably good performance for a specific range.  

 

     The same data set were used for the simulation for both Type-2 FLS and a T2-FIS Traffic Control and 

Management System and the result were been tested and differences result were achieve using trapezoidal 

membership function and Gaussian membership function for simulation and Karnik-Mendel (KM) technique 

with a modified version KMmod were the switch –point algorithm lead to improvement of runtimes. And show 

that the modified type-2 fuzzy logic systems have more fuzziness and more promises performances in traffic 

congestion control management. 
 

Comparing Algorithms 

     Comparison of the Karnik-Mendel (KM) technique results with a modified version called KMmod used in 

TRACMIS performance evaluation is presented. Due consideration is given to the switch-point and tolerance 

parameters in the original KM algorithm 

 

    The Karnik-Mendel (K-M) Algorithm; Source: Ontiveros-Robles and Castillo).A parameter called the mean 

of mean times (MoMt) is used to describe the accompanying results. The MoMt is computed after several 

iterative runs at the first (first-mean) and second (second-mean) levels.  

 

     The results show that refinements to the Karnik-Mendel (KM) switch-point algorithm can indeed lead to 

improved runtimes as indicated in Tables 5-8. This is handled internally by carefully modifying the switch-point 
states in the original KM algorithm and increasing tolerance constraint to appreciable values (a tolerance 

factor >= 10-30was found adequate). For the North-South simulations the predicted states of both algorithms is 

clearly distinguishable (Figure 8); however, for the East-West simulations it is not easy to see this difference. 

Also, tables 9-10 validate this observation. 

 

VI. CONCLUSION 

      A Type-2 Fuzzy Logic system for managing traffic flow (TRACMIS) in a specific location is developed. 

The North-South/East-West location in the Rumuokoro axis in the outskirts of Port Harcourt city was 

considered. The system is modelled, and dynamically simulated in the MATLAB/SIMULINK programming 

environment. Simulations in the MATLAB/SIMULINK environment should very promising results.  

 
      In particular, the system was able to graphically detect accurately the state of free traffic and slow traffic 

based on vehicle category types and occupancy levels. Also, the system was modified to improve an existing 

Karnik-Mendel algorithm which in turn sped-up processing in an Interval Type-2 (IT2) fuzzy systems model.  

 

    Traffic congestion is a major challenge for the transportation sector including the road transport users, 

commuters and road transport authorities. Thus, this challenge presents an active area of study for researchers. 

In this research study, a Type-2 Fuzzy Logic Management System (TRACMIS-2) was presented as an option or 

strategy to solve the problem of traffic congestion control using real-time data obtained from the Rumuokoro 

axis in Rivers State Nigeria. With reference to the related research in Artificial Intelligence (AI), the Type-2 

Fuzzy Logic approach showed very good promises as an effective tool for traffic congestion analysis. It can be 

observed that a modified Type -2 fuzzy logic control system provides a better performance in terms of 

improving the safety and efficiency by reducing the waiting delay of vehicles on signals. Less traffic congestion 
and less waiting time at red traffic lights will reduce the fuel consumption, air pollution, sound pollution, and 



NNAA Sunday Barikui et al, International Journal of Computer Science & Mobile Computing, Vol.8 Issue.11, November- 2019, pg. 92-103 

© 2019, IJCSMC All Rights Reserved                                                                                                        103 

time and energy waste. In addition, with the proportional no difficulty requirements like weather conditions, 

environmental aspects etc. can be added to the type -2 fuzzy systems. In addition, the same data set was utilized to 

ascertain the performance of T2-FIS using a standard Karnik-Mendel algorithm with Gaussian and Trapezoidal 

membership functions and a modified Karnik-Mendel algorithm; it was showed that a Modified T2-FLS in the 

Karnik-Mendel algorithm can indeed obtain better runtime performance than the standard one. The algorithms 

should thus improve traffic light timing and reduce redundancy when low traffic is experienced while in turn 
speed-up processing times. 
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