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We argue that the class of all possible fuzzy controllers is the same as the class of all possible 
non-fuzzy controllers for many control problems. We then argue that for the fuzzy controller to 
generalize control theory it must be able to process qualitative information. 

1. Introduction 

Consider a process to be controlled which has m outputs 
y(t) = (y1 (t) , ... ,ym(t)) and n inputs u(t) = (u1 (t) , ... ,u

11
(t)). It will not matter 

what the goals of the controller are and they could include: make y1 (t) equal to 
target value s

1
, make y 2 (t) equal to s2 , etc. A non-fuzzy controller determines the 

change in input vector c ( t) from the controller input y ( t) and its goals. The 
process input is then u (t) = u (t - ~) + c (t), where~ is the sampling period, at 
t = ~,2~ .... We assume that y/t) E [- M,M] for 1 ::; i ::; m and t ~ 0, for some 
M> 0, and cj (t) E [- N,NJ for 1 ::; j ::;nand t ~ 0, for some N >0. 

This non-fuzzy controller (PI, PID, etc.) uniquely determines the ci(t) from 
the Y/t) at each sampling timet = ~,2~; ... The non-fuzzy controller is simply 
a function, say NFC, from [- M,M] m to [- N,NJ 11 and we write 

c(t) = NFC(y(t)), 

for t ~,2~, .. .. Abstractly, a non-fuzzy controller may be any element in 

F = {f If [- M ,M] m -+ [- N,NJ 11
}. 
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2. Fuzzy controller 

We now argue that a fuzzy controller may also be viewed as some element in 
F. We do not give a detailed discussion of fuzzy controllers (see [10], [11 ], [12], 
[13), [14]) but only briefly summarize the following four basic parts of a fuzzy 
controller. 

1. TheY; (t) values may first be scaled by scaling functions So; before input 
into the fuzzy control rules. Let soi(yi(t)) = Z;(t) E [- 1,1] for I < i < m and 
t > 0. For example, we could have z;(t) = k;y;(t), 1 < i <m, where the k; are - - -
scaling constants. 

2. There are fuzzy numbers covering [- 1,1], for each input z;(t), which 
define the linguistic variables in the fuzzy control rules. The z; (t) are inpuHed into 
the fuzzy control rules, which are then evaluated using the fuzzy numbers, to 
produce fuzzy sets of output Oj, I S j S n. The Oi will be fuzzy subsets of[ - 1,1] 
ranging from a discrete fuzzy set to higher order fuzzy sets where the elements of 
an Oj are themselves fuzzy numbers whose support lies in [- 1,1]. 

3. The Oj are defuzzified to a real number in [- 1,1], by defuzzifying 
functions Di" Let D/0) = 6/t) E [ - 1,1] for 1 S j s nand t s 0. 

4. The 6j (t) values may be scaled by scaling functions Su before input into 
the process. Let Su(b/t)) = ci(t) E [ - N,N] for I S j S n and t ~ 0. For 
example, we could have c/t) = kA(t), 1 S j sn, for non-zero scaling constants 
ki. Process input is u(t) = u(t - ~) + c(t), where c(t) = (c1 (t);·· ·,c11 (t)), for 
t = ~,2~;··. 

The cj(t) are uniquely determined from the Y;(t) at t = ~,2~;··, and 
therefore the fuzzy controller is also a function, say FC, in F. We write 
c(t) = FC(y(t)) for the fuzzy controller. 

We have been able to construct FC for a number of fuzzy controllers ([1], [3], 
[6], [9], [15]) and also, for certain fuzzy controllers ([2], [7]), we know the limiting 
structure of FC as the number of fuzzy control rules grows without bound. There 
are situations where FC can be very complicated but nevertheless, c (t) will be 
some function of y (t). 

We now argue that: (1) given a NFC there is a FC so that FC = NFC; and 
(2) given a FC there is a NFC so that NFC = FC. 

1. Suppose we have NFC(y(t)) = c(t). We can choose different scaling 
functions S0 ; and SIP we can use different fuzzy numbers and fuzzy control rules, 
and we can employ many different types of defuzzifiers Dj to construct an FC. 
With so many different variables to change we should be able to build an FC 
equal to NFC. First find non-zero scaling constants kjso that (c/t) I k) E [- 1,1] 
for 1 s j s nand t = ~,2~;··. Then we choose the Dj so that Dj(O) = cj(t) I kj 
for I S j S n and t = ~,2~;··. Finally, we set Su(b/t)) = k1~/t) for 
1 S j S nand t = ~,2~;· · and we have FC = NFC. 

2. Suppose we have c (t) = FC (y (t)). Since any element in F is a non-fuzzy 
controller we choose NFC in F to equal FC. 
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We have argued that any fuzzy controller is a function in Fand once this 
function has been identified it can be used as a non-fuzzy controller to control the 
process and no fuzzy control rules need to be executed. We have also argued that 
given any non-fuzzy controller we can construct a fuzzy controller with the same 
control output. 

3. Future Fuzzy Controller 

For fuzzy controllers to truly generalize non-fuzzy control theory they must 
be able to process qualitative data. Qualitative output from the process would be 
in the form of linguistic variables which would first be translated into fuzzy sets 
before input into the fuzzy controller. Fuzzy set output from the fuzzy controller 
could be translated into linguistic variables to become the qualitative input to the 
process. 

Machines in the system do not directly produce fuzzy data for input into the 
fuzzy controller. The Y; (t) are usually obtained from measurements on the 
process and they will contain measurement error. It is not difficult to incorporate 
these uncertainties into theY; (t) by making them into fuzzy numbers [4]. If some 
of theY; (t) are fuzzy numbers, then the fuzzy control rules must be able to accept 
fuzzy number input [8] to produce the fuzzy sets 0 j for output. Also, some of the 
Y; (t) may come from human operators working within, or observing, the process. 
TheY; (t) coming from humans would be in the form of linguistic variables that 
would be translated to fuzzy subsets of [- 1,1] for input into the fuzzy controller 
[5]. 

Machines in the system do not yet accept fuzzy commands, however humans 
within the process can be trained to act correctly given fuzzy instructions. Some 
of the output fuzzy sets 0 j will be defuzzified for input into the machines in the 
process while others will be translated into linguistic commands for the human 
operators in the system [5]. Therefore, we must allow for the possibility that 
a fuzzy controller will not defuzzify any output but instead translate to fuzzy 
commands understood by the process. 

When we allow for fuzzy input and output the fuzzy controller becomes 

a function from [- M,M]m to [- N,N] 11 where (1) [- M,M] is [- M,M] 

together with a class of fuzzy subsets of[- M,M]; and (2) [- N,N] is [- N,N] 

plus a collection of fuzzy subsets of [- N,N]. Since [- M,M] c [- M,M] and 

[- N,N] c [- N,N] fuzzy controllers will now generalize non-fuzzy controllers. 
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Regulatory rozmyte i regulatory nierozmyte 

W pracy pokazuje si~, :i:e w wielu zagadnieniach sterowania klasa wszystkich mo:i:liwych 
regulator6w rozmytych jest taka sama, jak klasa wszystkich mo:i:liwych regu1ator6w nierozmytych. 
Pokazuje si~ nast~pnie, :i:e aby uog6lnic teori~ sterowania regulator rozmyty musi bye w stanie 
przetwarzac informacj~ jakosciow~t. 

PaJMLITble H uepa3MLITLie peryJIHTOpLI 

B pa6oTe ,!\OKa3b!BaeTCSI, '!TO BO MHOniX npo6JieMaX ynpaBJieHHSI KJiaCC BCeX B03MOJKHbiX 
pa3MbiTbiX peryJISITOpOB TaKOH JKe KaK H KJiaCC BCeX B03MOJKHbiX Hepa3MbiTbiX peryJISITOpOB. 3aTeM 
llOKii3aHO, '!TO ,l:\JISI 06o6~eHHSI TeOpHH ynpaBJieHHSI Heo6XO,!\HMO, 'IT06bl pa3MbiTbrH peryJISITOp 
6biJI B COCTOSIHHH o6pa60TbiBaTh Ka'leCTBeHHYFO HH<iJOpMa~HFO. 


