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Abstract: Recent trends in software development for 
intelligent control and robotics have invoked a lot of 
research organisations to work on them. The philosophy 
of open source and free software and hardware made 
research and development of new products became faster 
and much more efficient. One such intelligent control 
mechanism is Fuzzy Logic. Fuzzy logic is a multi-valued 
logic which has many areas of control engineering. In this 
paper we present FLCPlus, a light-weight fuzzy logic 
controller library which can be easily implemented on 
systems based on C/C++. Later a simulation experiment is 
shown in this paper which uses FLCPlus, where a mobile 
robot with simple range sensors and a differential-drive 
mechanism. Several comparisons have also made with 
various libraries on speed of execution, code size and 
simplicity of API. And the paper is concluded with future 
work on the open source library. 
Keywords: Fuzzy logic, open-source, GitHub. 

 
I. INTRODUCTION 

Writing software for intelligent control systems and 
robotics is difficult. Different types of intelligent control 
systems use different methods of programming, but most 
systems use C language in robotics and software 
engineering. Intelligent control software must have the 
ability to perceive and control. To overcome these 
challenges, many software engineers and researchers have 
written frameworks to manage complex tasks which help 
to decrease the production time and development process 
of experiments or applications. Many such software 
frameworks include ROS, which is an open source robot 
operating system which has a structured communication 
layer for process management [1]. OpenTLD, another 
open source software framework based on C++ and 
MatLab, it has a robust capability to track, learn and 
detect features in a high-definition video [2]. 
In this paper, Section 2 describers the design goals and 
driving principles involved in design and development of 
FLCPlus software, section 3 talks about a basic fuzzy 
logic controller design and some pointers on how it is 
implemented in C++. Section 4 and 5 talks about the 
experimental setup arranged to show the functioning of 
the software library and a brief design procedure to test 
and show simulations for the software. And section 6 
concludes with results and future work.  
 

II. DESIGN GOALS 
The main objective of the software was to provide an easy 
access to intelligent control algorithms and incorporate in 
any project. 
The goals of this FLCPlus can be summarized as: 

• Low memory footprint 
• Free and open source 
• Modular 

 
Fig 1:  Members for struct 'myTrapezoid' 

 

 
Fig 2: Members for struct 'fireStrength' 

 

 
Fig 3: Members for struct 'firedRules' 

 

A. Low memory footprint 
Major memory issues arise with the use of many input 
and output membership functions, FLCPlus uses the same 
output membership functions to generate a list of rules. 
This reduces the memory usage and increase code 
execution speed per fuzzy calculation. Declaring the 
membership variables as constant, the membership values 
will be stored in the flash memory of a microcontroller 
which will save RAM space which could be a huge 
advantage for small memory microcontrollers. Fig 1 
through Fig 3 shows the structure of members used in 
FLCPlus. 
 

B. Modular 
Since most of the practical applications will not be using 
more than 4 input, the inference engine can process up-to 
4 inputs and unlimited number of membership functions. 
The number of rules to be written is governed by equation 
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(1). Generally, context blending of behaviours will be 
applied to process information with different number of 
fuzzy sets. The rule base for each fuzzy logic module is 
implemented using an array of structures. This reduces 
the need to modify codes on other files. 

(1) 
 

III. FUZZY LOGIC CONTROLLER 
Fuzzy logic controller uses fuzzy sets to process 
information, real world data is converted into fuzzy sets 
by a process known as fuzzification.  
 

 
Fig 4: Fuzzy Logic Controller Block Diagram 

 

Fuzzy sets consist of membership functions which are 
unique to each input. In FLCPlus, the fuzzy membership 
is defined by a set of floating type data which can form a 
trapezoid or triangular membership function. Each 
membership function has a firing power which is obtained 
by the crisp input value and the membership function.  
A list of fuzzy rules is defined in the system which maps 
the fuzzy inputs to fuzzy outputs. The FLCPlus uses an 
array of output membership functions which is mapped 
with respect to various combinations of input membership 
functions. 
 

 (2) 
 
The inference engine uses conorms and norms. The 
logical connective AND is implemented as a minimum 
operator and OR is implemented as a maximum operator. 
Various operations can be also used depending on the 
system and computation requirements. 
 After obtaining fuzzy output sets which are fired 
from the inference engine, fuzzy sets are converted into 
crisp real world values by defuzzification. Many kinds of 
defuzzification methods exist; there is no one-shot answer 
for a perfect method. As pointed out in [3] the results 
obtained from various defuzzification methods are 
different and selection of a defuzzification method widely 
varies on the application in hand and computation power 
available in the system. 
 
 

IV. EXPERIMENTAL SETUP 
In our experimental setup, we have used MobileSim: 
mobile robot simulator using the ARIA advanced robot 
interface for application to simulate a differential-drive 
robot with size frontal sonar sensors. P3DX-SH is a 
mobile robot modelled after P3-DX robot from adept 
mobile robots [4]. MobileSim is designed based on Stage 

simulator with minor modifications by Adept 
mobilerobots [5]. Custom or predefined map data can be 
used to simulate 2D worlds. The simulated mobile robot 
has a differential drive mechanism and 16 range sensors 
in total, for our experiment we will be using six sonar 
sensors from the left and front side. The P3DX-SH 
exhibits left wall following behaviour in our application. 
 

 
Fig 5: Fuzzy system for simulation 

 

For our fuzzy control system we have used two sets of 
inputs for left-side sonar sensors and front-side sonar 
sensors which will be our fuzzy input members and the 
speed on left and right wheel as out fuzzy output 
members. Each input fuzzy member has three 
membership functions, by using equation (1) the number 
of rules needed for our system will be 9 for each fuzzy 
output member.  
Fig 6 and Fig 7 shows how the membership functions and 
rule base are written in FLCPlus. In any fuzzy controller 
membership function and fuzzy rules play a major role in 
defining how the system works. 
 

 
Fig 6: Code snippet for Fuzzy rules 

 

 
Fig 7: Code snippet for fuzzy membership functions 
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V. RESULTS  
 Fig 8 shows the trail path obtained by running 
our software; the trail shows smooth movement of robot 
in the arena.  

 
Fig 8: Simulating a P3DX-SH robot in MobileSim 

 

 A simulation of fuzzy control surfaces is seen in 
figure 9 and figure 10. The fuzzy control surfaces shows a 
smooth transition of output which cannot be obtain so 
easily by any other controller. 
 

 
Fig 9: Fuzzy control surface for left wheel 

 

 
Fig 10: Fuzzy control surface for right wheel 

VI. CONCLUSION AND FUTURE WORK 
We have designed FLCPlus to support our philosophy of 
free software. We have also demonstrated a use case 
example for our library. FLCPlus performed very 
smoothly on our robot simulation. We anticipate the 
interesting features such as its open source and free 
software nature will help other researchers involved in 
fuzzy logic to take advantage of this library and fork its 
repositories to apply FLCPlus in their own projects. 
The Fuzzy Logic Control library is released under GNU 
GPL v3 license and is available at GitHub under the 
project name FLCPlus. For our future work, we will be 
working on FLCPlus to include more fuzzy membership 
shapes and defuzzification methods. 
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