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METHODS OF ADAPTIVE FUZZY CONTROL OF ROBOTS 

BASED ON NEURAL NETWORKS  
 

Uncertainty plays a significant role in many management processes 
that arise in practice. Stochastic control techniques have been applied to 
problems in which the uncertainty is due to chance, while fuzzy control 
extends our consideration to the domains of imprecision and uncertainty. 

Modeling and managing such processes can be complex and 
difficult. However, building into the management system the ability to 
learn and improve based on experience or feedback has proven to be an 
effective approach. This is adaptive control, be it fuzzy or classic. Fuzzy 
control uses a lack of precision to solve complex processes using 
approximate reasoning, as humans do. Learning or adaptive control uses 
information obtained from the feedback of current experience. Control 
algorithms with learning and processing capabilities similar to the human 
brain are the prerogative of neural networks and learning automata in 
adaptive control. 

A fuzzy controller consists of a rule base or fuzzy relationship 
between fuzzy sets of object states and control variables along with a 
fuzzifier and a defuzzifier. 

A set of control rules can be expressed as a fuzzy relationship 
between fuzzy sets of object states and control variables. A fuzzy 
relationship can be represented as a matrix of relationships with elements 
from the interval [0, I]. The notation (i,j) determines the degree of 
connection between the fuzzy set Ai and the fuzzy set Bj. Whether the 
control function is described by a fuzzy relation or by explicit rules, it is 
represented by a set of parameters describing the fuzzy sets and their 
relations. These representations can, of course, be generalized to multiple 
inputs and outputs. 

In adaptive control, measurement data of the current process is used 
as feedback to the controller. Object behavior is used to continuously 
update or adapt the parameters or rule base used to compute controls. 
Through this experience, the controller learns to improve its control or 
adapt to changing conditions. Fuzzy control methods are usually used when 
the specifics of the plant are unknown; however, the desired behavior of an 
enterprise can often be expressed in terms of optimizing some type of 
objective function or performance measure. However, if the object is 



unknown, it is difficult to relate the desired performance to the possible 
states of the object, so conventional optimal control methods cannot be 
used. However, it is possible to observe the operation of the plant during 
operation and use this information to adapt the parameters of the control 
function to try to optimize the operation of the plant according to the 
performance index. 

The way neural networks represent information in terms of its 
weights and subsequent activation of its neurons is fully compatible with 
fuzzy logic. Neural networks are applicable to solving problems: when the 
information coming in is often somewhat imprecise or incomplete, and a 
choice must be made among many alternatives. Each of the many possible 
solutions to the problem can be viewed as a true or false statement. 

Fuzzy logic provides the means to link the symbolic processing of 
linguistic constructs and qualitative relationships to the numerical 
computations required for real-world problems using precise algorithmic 
manipulations of quantitative information. In the field of fuzzy control, 
neural networks are very suitable tools to realize this connection in two key 
ways. First, the firing of a neuron can implement a membership function 
that provides a measure of the compatibility of a given set of numerical 
data with a qualitative entity, such as a "negatively large" linguistic label 
for a process state z. A neural network can be trained to synthesize 
membership functions representing a set of linguistic terms. 

This method was used to construct membership functions that are not 
arbitrary and subjective. Second, the processing data can be used to train 
the network to generate fuzzy control rules when the rule set is difficult to 
know, or to build priors using algorithms that change the weights that can 
encode the control rules.  
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