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Abstract: Embedded intelligent control systems (EICS) have been used in a wide range of tasks involving the
adaptive control of technical objects and processes. For the hardware implementation of EICS, developers
actively use function-oriented microcontrollers, that aimed to be the effective implementation of control
algorithms, including adaptive and intelligent control. Embedded control systems based on the concept of fuzzy
set theory have recently been developed for specific individual control operations, allowing more efficient
implementation of complex object control algorithms. This paper approaches the study of the different
implementation of control algorithms in embedded microcontrollers based on fuzzy sets theory to result in
reduced hardware area and complexity, high operating speed, and adaptability to various applicable domains. It
shows that the performance of fuzzy computing specialized in embedded systems has significantly increased
and makes possible a huge scope for further improvement of the implementation of fuzzy control algorithms at

the hardware level.
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Introduction

The embedded control systems based on the methods of fuzzy logic have been extensively used in control
engineering, consumer electronics, house hold appliances, data processing, decision making systems, expert and
signal processing systems including in the tasks of managing objects of marine engineering (Juuso,2004). A
biggest advantage of the fuzzy logic is the easy modelling of human behaviour; it directly maps the human
inference system to the fuzzy if — then rules, which are easily understood by the human beings. Just as fuzzy
logic can be described simply as “computing with words rather than numbers”, fuzzy control can be described
simply “control with sentences rather than equations” (Togai & Watanabe,1986). The first hardware realization
of a fuzzy logic processor was done by Togai and Watanabe. Nowadays the intelligent control systems built on
the basic concept of the theory of fuzzy sets, have recently become more popular, allowing more efficiently to
implement complex object control algorithms (Fons et al.,2006). It should be noted that current using fuzzy
control systems are built for general-purpose computing machines and programmable fuzzy processors designed
to store and process fuzzy rules (Evmorfopoulos & Avaritsiotis, 2002). Since the mathematical apparatus of the
fuzzy sets is quite varied from the view of different theories, the algorithmic implementations for fuzzy
computation processes are much diverse to achive the user’s desires.
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In this paper, we concentrate an analyze in different algorithmic implementations of fuzzy processing subsystem
based on a function-oriented microcontroller with bit manipulation through low level language aimed to be the
effective implementation of control algorithms, including adaptive and intelligent control. It is possible to
increase the productivity of fuzzy information processing processes, which are specialized on MCS-51 that
support the integrated implementation of fuzzy control algorithms for embedded intelligent control systems.

Analysis of Structural and Algorithmic Operation in Fuzzy Computation System

The fuzzy computing subsystem solves the problems of adaptive and intelligent control based on the theory of
fuzzy sets, forming the values of the ultrasonic setpoints parameters for the control subsystem by generalized
information about the state of the control object (Niu et al., 2019). As shown in (Fig.1) the number of input and
output variables used triggered terms corresponding to each linguistic variable from the table of fuzzy
transformation rules (Fons et al.,2006). Since there is a number of stages in fuzzy computation based on
microcontroller, that uses the resources of the main controller processor, which leads to automatic suspension
for algorithmic calculations running in the fuzzy subsystem. It should also be noted that, the current existing
technical solutions do not provide the possibility of specifying arbitrary membership functions, allowing only
their piecewise linear form, which negatively affects the achievable accuracy of calculations. Thus, the problem
of improving the performance of embedded intelligent control systems is approached by developing an
embedded mathematical apparatus for describing membership terms and rule base, and ensure efficient (in the
typical sense of intelligent control) calculation of fuzzy processing subsystem with bit manipulation based on
MCS-51. This approach manages to describe the arbitrary form of various membership terms with the higher
possible accuracy. The inevitable task for the algorithmic and schematic implementation of fuzzy computing
subsystem using in this subjected area of embedded control system will be considered in this paper.
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Figurel.General fuzzy computation system (Niu et al., 2019)

Algorithmic Implementation for Improving Fuzzy Computation Performance

According to the improving task mentioned above, we have considered to effectively organize algorithmic
structure and memory organization in single chip microcontroller that support efficient fuzzy computation.
There are many priorities in developing a new structural organization of fuzzy computing subsystems and the
principles of their functioning :1) effective implementation of the proposed high-speed fuzzy data processing
algorithm, 2) significant expansion of the variety of hardware-implemented control systems with fuzzy
information processing, 3) ensuring a high rate of fuzzy data processing, which is performed in parallel with the
execution of the program of the control processor(Vassiliev et al., 2017). Thus,a vital need in developing new
algorithms for the functioning fuzzy computation is to develop effective methods to support the execution of
fuzzy operations in the sense of minimizing computing time and memory demands. The most common using
algorithms for fuzzy information processing include Sugeno, Larsen and Mamdani algorithms (Togai &
Watanabe, 1986). The last one has the highest accuracy but it is most demanding on the amount of allocated
computing resources (Mamdani,1974). To implement the most high-speed algorithm proposed in this paper
(Fig. 2(a)) uses the method of “look-up tables”, which operates with graphs specified by a set of vector arrays
and a rule base specified by a table. In order to assemble compact memory organization, suggest to assign
memory locations as in (Fig. 2(b)). The terms are stored as an array of membership degree values, ordered in
ascending order by a clear variable. In this case, the range of membership degree values [0...1] is equivalent to
the range [0...255]; for example, the value 0.5 will be equivalent to code 128, the value 1 will be 255 (Fig.3(a)).
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When fuzzification and defuzzification performing, the corresponding term array is addressed by the value of
the input variable, and return the linguistic value to the term belonging of this variable.

The rule base is set by the table in which number of rows corresponds to the number of rules. Each row consists
of “input” and “output” columns (Fig.3(b)). The input columns describe the term numbers of the input variables
involved in the formation of the conditions of the rule, and the output columns describe the numbers of outputs
calculated if the conditions of this rule are triggered. The input and output cells do not depend each others, and
the example rule structure Rs is presented as follow:
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Figure 3. (a) General membership term, (b) Rule base organization
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Such a structural organization of the fuzzy knowledge base provides a significant increase in accuracy and
productivity compared to previous known solutions, since it allows you to operate with membership functions of
an arbitrary type. At the same time, the fuzzification speed does not depend on the type of membership function
and is the maximum achievable (since the procedure for calculating the value of the membership function is
reduced by indexing a given cell of a one-dimensional array). The absolute values of the performance gain are
obviously determined by the use of the algorithmic implementation with selected deffuzification methods. In the
proposed implementation, the calculation methods are used the widely used methods “Center of Gravity” and
“Middle of Maxima” presented in equations (2) and (3):

v, := Eﬂ— €123,k v
Yene (x
v, = *I““‘Tﬁ‘} €123, .k 3)

Experimental Analysis of Algorithmic Implementation

As Vassiliev et al. (2017) explained, the fuzzy information processing subsystem can be described and
calculated in the low-level programming language to approach a simple structure and high speed general-
purpose fuzzy logic microcontroller. It is intended to communicate directly with specific hardware/software
resources on the MCS-51 device. In this proposed implementation, MCS-51 is set with 12 MHz internal bus
frequency for processing up to 25rule base through 2 inputs and 1 outputs properly. The data collections of the
statistical results and visual experiments are carried out by means of Mamdani Inference System and Shell51
developed by the author (Vassiliev,2017) of this paper. To analyze the accuracy of the developed fuzzy
computation,we represent different algorithmic implementations and compare to corresponding simulation
results.

Table 1. Analyze developed fuzzy computation system
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It can be seen from the table that the different implementation results are quite uniform compared to MATLAB
data surface simulation. It indicates that the developed information subsystem strategy can be achieved by using
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function-oriented microcontroller with bit manipulation through look-up table algorithm based on MCS-51
device. Additionally this analyze shows that developed fuzzy subsystem with low level language harmonically
engaged with commercial simulation results without losing the generality of actual processing characteristics.It
makes advantage of increasing productivity in certain control system that needs high operating speed and
reduced complexity to a compact design.

Conclusion

This paper presents a methodological principals of developing fuzzy computing subsystem that taking into
account a clear tradeoff in the development phases of fuzzy coprocessor and the calculation accuracy supported
for the low cost and compact implementation design. The developed subsystem with bit manipulation makes
possible to meet high speed real time requirements, reducing the intense resource of fuzzy information
converters. It has shown that there is a huge scope for further improvement in these fuzzy systems at hardware
level to reduce the complexity of analysis and synthesis in co-processor and their performance can be improved
further by designing optimized architectures.
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