




In the software: the sensed values of a and da are specified 
through an input file “infile1-SenData.txt” as shown in Table 
1. The input/output membership functions are specified 
through the input file “infile2-IOMFs.txt”, refer to Table 2. 
The knowledge base is specified through another input file 
“infile3-KB.txt”, this is shown in Table 3. The generated 
output is stored into an output file “fles-outfile.txt”, this file is 
shown in Table 4. 

While operating in real-time the knowledge base and the 
MFs are merged into the FLES-source code. Sensed input 
values and the generated outputs are mapped to i/o-ports of the 
microcontroller being used. Depending on the problem the 
input, the output, and the knowledge base modules can be 
specified accordingly. It includes the name and units of input 
and output variables; the IMFs and the number of IMFs, 
OMFs and the number OMFs, and finally the KB. 

The detailed results of execution tasks IE1 through IE5 of 
the inference engine, specified in section IV, are shown in 
Table 4. This can be disabled in on-line mode. In this table, 
the initial sections A, B, and C will display input data to the 
FLC. This includes the sensor data of the input variables; the 
input/output membership functions; and the knowledge base 
of the problem. The task here is to build an FLC to balance an 
inverted pendulum problem. It is a two-input and one-output 
problem. The input variable values for the FLC are: the 
pendulum’s angular displacement (angle a) is -12.0 degrees 
away from the center, and rate of angular displacement 
(derivative of angle da) is -3.0 degrees/sec. Input variables in1 
and in2 both have 7 membership functions. Minimum and 
maximum values are -54 to +54 with 18-units between the 
vertices with units of degrees for in1 and degrees/sec for in2. 
The output variable mc has 7-MFs with minimum and 
maximum of -18 ma and +18 ma with 6 ma separation. The 
mc linguistic values ranging from negative-large (nl) to 
positive-large (pl). The knowledge base of the IP-problem is 
specified by 13-rules denoted as R0-to-R12. These are 
logically ANDed-rules.  

The 5-step procedure by which the inference engine 
generates the control signal from the sensor input data is 
shown in section-D of Table 4. The five steps are denoted as: 
IE1 through IE5.  

The IE1-Trace: In IE1 the input variables 
are fuzzified: for in1 = -12 degrees, the 
fuzzified values are: (12/18)-ns or 
(6/18)-zr; and for in2 = -3 degrees/sec, 
the fuzzified values are: (3/18)-ns or 
(15/18)-zr. 

The IE2-trace: In IE2 active rule set Ra 
is determined: the activated rules are R7 
and R8. Ra = {R7, R8}. 

The IE3-trace: In IE3 effective input 
membership functions eIMF-Rai for each 
active rule Rai is determined:  
eIMF-R7 = (12/18)-ns; 
eIMF-R8 = (6/18)-zr; 

The IE4-trace: In IE4 Rule to be fired is 
determined:  
Rule fired = max(eIMFs) = eIMF-R7 = 
(12/18); 
Rule fired is R7 

The IE5-trace: In IE5 find output – motor 
current mc:  
output = eIMF * eOMF = (12/18) * ps  
       = (12/18) * 6.0 = 4.0 mille-amps 

VI. CONCLUSIONS 

This paper presents embeddable FLC-software-code that 
can be downloaded into microcontrollers to build autonomous 
mobile-robots. We have used this software to implement two 
fuzzy logic systems, one is an estimation problems and the 
other a control problem. The estimation problem is an 
application one that is used for precise estimation of the 
battery’s state of charge SoC [5]. For this we have used 
Handyboard that supports interactive C. This required partial 
modification C++ into interactive-C. Recently we have 
implemented the same application on Arduino-Due 
microcontroller. The other is a control application that we 
have implemented is to balance an inverted pendulum. This is 
again implemented on a Arduino-Due microcontroller. This is 
an autonomous robot. The current microcontrollers are very 
powerful yet very inexpensive (under $50). With your own 
embeddable source-code, such as the one presented in this 
paper, one can build extremely complex yet inexpensive 
mobile-FLC. 
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