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Abstract—In a modern society the factor corresponding to the 

increase in the level of quality in industrial production demand new 
techniques of control and machinery automation. In this context, this 
work presents the implementation of a Paraconsistent-Fuzzy Digital 
PID controller. The controller is based on the treatment of 
inconsistencies both in the Paraconsistent Logic and in the Fuzzy 
Logic. Paraconsistent analysis is performed on the signals applied to 
the system inputs using concepts from the Paraconsistent Annotated 
Logic with annotation of two values (PAL2v). The signals resulting 
from the paraconsistent analysis are two values defined as Dc - 
Degree of Certainty and Dct - Degree of Contradiction, which receive 
a treatment according to the Fuzzy Logic theory, and the resulting 
output of the logic actions is a single value called the crisp value, 
which is used to control dynamic system. Through an example, it was 
demonstrated the application of the proposed model. Initially, the 
Paraconsistent-Fuzzy Digital PID controller was built and tested in an 
isolated MATLAB environment and then compared to the equivalent 
Digital PID function of this software for standard step excitation. 
After this step, a level control plant was modeled to execute the 
controller function on a physical model, making the tests closer to the 
actual. For this, the control parameters (proportional, integral and 
derivative) were determined for the configuration of the conventional 
Digital PID controller and of the Paraconsistent-Fuzzy Digital PID, 
and the control meshes in MATLAB were assembled with the 
respective transfer function of the plant. Finally, the results of the 
comparison of the level process control between the Paraconsistent-
Fuzzy Digital PID controller and the conventional Digital PID 
controller were presented. 

 
Keywords—Fuzzy logic, paraconsistent annotated logic, level 

control, digital PID. 

I. INTRODUCTION 

OTIVATED by the need to consider real situations that 
do not fall into the strict rules of classical logic, parallel 

studies have been created and have resulted in other logics that 
are alternatives to the classical one [1]. Non-classical logics 
investigate, among other things, the situations excluded from 
the classical logic which are, for example, the existing logical 
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values other than the "True" and the "False", allowing better 
adaptation of concepts such as; uncertainties, ambiguities, 
paradoxes and inconsistencies [2], [3]. 

Classical logic considers only two possible states "true" or 
"false". However, by considering electronic devices, there are 
many data noises (inconsistencies and ambiguities) that 
classical logic using the law of excluded middle is unable to 
be applied in the face of these situations, at least directly [4]. 

Paraconsistent logic (PL) [5] was first proposed in the 
works published by S. Jáskowski (in 1948) and by Da Costa 
(in 1954), independently, its main property is to accept the 
contradiction in its foundations and thus to allow a non-trivial 
treatment of contradictory signals. Paraconsistent logics for 
accepting contradictions as theses in their structure can be 
applied in several areas of knowledge, being a good 
alternative of application in systems of Control, Artificial 
Intelligence and Automation [6], [7]. 

The research developed in the area of Automation and 
Artificial Intelligence (AI), in the sense of implementing 
circuits and control systems using non-classical logics as 
alternatives of classical, have shown interesting results 
creating a more effective way to model complex systems 
based on a "behavior" more close to the human being [8], [9]. 
The use of the Fuzzy control to model complex processes of 
indefinite nature has been well accepted in industrial 
applications. PL and Fuzzy Logic (FL) are among those that 
allow the implementation of the systems of structured controls 
in actions that more fully express the real world [9]. 

PLs and FLs provide an effective means of capturing 
approximate values of the inaccurate nature of the real world. 
FL brings new forms of control that allow complex systems to 
be designed based on the knowledge of a specialist, that is, a 
human operator with heuristic knowledge and not necessarily 
have underlying knowledge of dynamic control processes 
[10]. The theory of classical logic does not allow the treatment 
of contradictory signals in a non-trivial way. From this 
perspective, the paper presents the junction of the theories of 
the two non-classical logics; PL and FL in a control system. 
This junction enables control systems work with contradictory 
signals without output trivialization [8], [10]. 

II. PARACONSISTENT ANNOTATED LOGIC WITH ANNOTATION 

OF TWO VALUES - PAL2V 

In the Paraconsistent Annotated Logic (PAL), investigated 
in [1], annotations can be interpreted as degrees of evidence to 
the proposition. In [2], inconsistencies appear with 
information that is represented in the form of propositions 
accompanied by degrees of evidence. To understand the Para-
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Fuzzy control system, is presented a summary of the PAL with 
the annotation of two values (PAL2v) and some associated 
results and concepts seen in more depth in [2], [5].  

In PAL2v each proposition  is accompanied by an 
annotation with two components ( , ). The information is of 
type  ( , ) where:  symbolizes the degree of Favorable 
evidence and  symbolizes the degree of Unfavorable 
evidence, both attributed to proposition 	[2]. 

In PAL2v exists an associated Lattice, as show in Fig. 1:  
 

 

Fig. 1 Associated Lattice of the PAL with annotation of two-values 
(PAL2v) 

 
The values of the degrees of evidence are within a closed 

interval between 0 and 1 belonging to the set of real numbers. 
The representation of the logical states can be made by a 

lattice, where four extreme vertices go determine the 
attributions of logical values given to the proposition 
considered as: True (t), False (F), Inconsistent T or 
Indeterminate ┴ [2], [5]. 

We can consider the values of the degree of certainty  
and the degree of contradiction , by applying the algorithm 
"Para-Analyzer" [2] as explained below: 
Algorithm "Simplified PARA-ANALYZER - 
Paraconsistent Annotated Logic with annotation of two 
values-PAL2v" 
 
* / Input variables * / 

µ */Degree of favorable evidence attributed to Proposition P 
(value between 0 and 1) * / 

λ */Degree of unfavorable evidence attributed to Proposition P 
(value between 0 and 1) * / 

* / Mathematical expressions * / 
Being: 
0 1 and 0 1 
 	 1 
 	   
*/Output variables*/ 
 */ Degree of contradiction attributed to Proposition 	(value 

between -1 and +1) */ 
 */ Degree of certainty assigned to Proposition  (value between -

1 and +1) */ 
    	  
     	  
 */ END */ 
 

The degree of certainty  is related to the interval between 
the extreme assignments of "Truth" and "Falsehood" to the 
proposition, and the degree of contradiction  is related to 

the extreme assignments of "Inconsistency" and 
"Indetermination" given to the proposition. The values of  
(degree of certainty) and of  (degree of Contradiction) 
obtained through the equations presented in the simplified 
Para-Analyzer algorithm are normalized between -1 and +1. 
The normalization of these values, which are the result of the 
paraconsistent analysis of two contradictory signals, allows 
the construction of two classes of fuzzy sets where the 
pertinence functions are elaborated, causing the signals to 
receive a treatment according to FL considerations [2], [5]. 

III. FUZZY SET AND FL  

In this section, are presents the basic concepts of Fuzzy set 
theory and FL. The considerations presented here are those 
necessary to understand this text, in [11] and [12] more 
detailed information is found. 

Fuzzy Sets - Terminology 

Being U a collection of objects denoted generically by 
	which may be discrete or continuous, U is called the 

"Universe of discourse" and u generically represents an 
element of U. 
Definition 1 – Fuzzy Set 

A Fuzzy set F in the Universe of discourse U is 
characterized by a Membership function  that has values in 
the interval [0,1]. Nominally: : U → 0, 1 . 

A Fuzzy set can be seen as a generalization of the concept 
of an ordinary set whose Membership function has only two 
values 	0,1	 . Therefore, a Fuzzy set F in U can be 
represented by a set of ordered pairs of a generic element  
and its kind of Membership function by (1): 
 

	 , |	 	 ∈        (1) 

 
When U is continuous, a Fuzzy set F can be written as (2): 

 
	 	 /         (2) 

 
When U is discrete, a Fuzzy set F can be written as (3): 

 
∑ /          (3) 

Definitions 

a- The support of a Fuzzy set F is the unique value set 
(crisp) of all points u in U such that 0. In 
particular, the element  in U to which =0.5 is named 
single point and the Fuzzy set whose support is the single 
point in U with =1,0 is referred to as a Fuzzy singleton. 

b- Let A and B two Fuzzy sets in U with Membership 
functions  and , respectively, the set of operations of; 
Union, Intersection and Complement, for the Fuzzy sets 
are defined through Membership Functions. 

Union in (4) 
 

∪ , 	      (4) 
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Intersection in (5) 
 

∩ , 	      (5) 
 

Complement in (6) 
 

1 	        (6) 
 

The procedures according to Fuzzy set theory provide a 
basis for a systematic way of manipulating concepts of 
vagueness and imprecision. These procedures allow us to use 
set theory to represent linguistic variables [11], [13]. A 
linguistic variable can be considered as a variable whose value 
is a Fuzzy number, or as a variable whose value is defined in 
linguistic terms. 

The linguistic variable is characterized by a 
quintuple	 	, , , , 	where: 
a) x is variable name. 
b)  is the set of terms of , that is, the set of names of 

linguistic values of  with each value being a Fuzzy 
number defined in U. 

c) U is the Universe of discourse. 
d) G is the syntactic rule for generating the names of the 

value of x. 
e) M is the semantic rule to associate with each value its 

meaning. 
In the definition of a fuzzy implication, fuzzy reasoning 

mechanisms are analyzed and in this process the Membership 
functions generate n Fuzzy propositions of the type, (7): 
 

, , . . . , 	 	 	        (7) 
 
where: , , ...,  are the names of m linguistic variables 
whose discourse universes are respectively, , , ...,  and 
R is a Fuzzy relation defined in x x ...x . Depending on 
the process combinations of n Fuzzy statements can be made 
using fuzzy operators presented as control alternatives in 
various studies [13]. Some can operate by maximizing action 
by the connective OR or by Minimization by the connective 
AND [14]. 

In a control project these propositions are combined through 
the FL operators generating new Fuzzy propositions that can 
be described in terms of Fuzzy relations. A classic way to find 
this relationship is with the rules of Fuzzy inference. Fuzzy 
inference rules are the core of the Fuzzy system where a 
dynamic behavior is obtained by a set of rules of the form; If 
(a set of conditions are satisfied) Then (a set of consequences 
can be inferred). The IF clause is an antecedent and THEN is 
a consequent clause in a control action for a given process 
under control. With a set of Fuzzy rules you can derive a 
control action for a given set of input values [13], [14]. 

The approximation used in a fuzzy control is based on the 
approximate reasoning method (Modus Ponens Generalized 
(MPG)). A system with two inputs and one output generates n-
rules of the fuzzy system, and the states MPG are: 
 
Premise 1 (fact): 	 	 	 ’	 	 	 	 ’ 
Implication : 	 	 		 	 	 	 		 	 	 	 		 	

Also : 	 	 		 	 	 	 		 	 	 	 		 	
Also	 : 	 	 		 	 	 	 		 	 	 	 	 	
________________________________________ 
Conclusion: 	 	 ’ 
 
where ,  and  are linguistic variables and , 	represent 
two inputs that may be process states or measurements from 
sensors. 

After the inference of the fuzzy control action, an action 
represented by a single value (crisp value) that best represents 
the fuzzy decision is determined. 

The process that transforms the fuzzy control actions that 
were inferred into a single value at the output is called 
defuzzification. There is no systematic procedure to choose 
the defuzzification method, the most common being: 
a) the maximum criterion (Max), which chooses the point  

where the Membership function has its maximum. 
b) the average of the maximum (AOM) that represents the 

average value of all the maximum points (when there is 
more than one maximum). 

c) the center of area method (COA), which returns the area 
center of the inferred function. 

d) Center of Gravity (COG). This method among those 
presented is very efficient. Single-value computing (crisp 
Value) is made by (8): 

 

	
∑

∑
         (8) 

 
where: μ ( ) is the area consisting of the output membership 
functions applied by the weights  of all inferential rules 
(which may have been obtained for example by the minimum 
operator). 

A simplified version of COG defuzzification can be made 
assuming that all forms of membership functions are 
symmetric and models the output as a singular function 
(Singleton) in the center Z. With this simplification the result 
is (9): 
 

	
∑

∑
         (9) 

 
The computational algorithm for all fuzzy rules fired is: 
For all fuzzy rules fired: 

Step 1. Compute: 
a) Sum ∑  for all weights and; 
b) Product , for all weights and their corresponding 

central values of their corresponding output membership 
functions. 

Step 2. Compute the sum of product ∑ 	  for all 
obtained in step 1. 

Step 3. Compute the division ∑ 	 	/	∑  based on the 
results obtained in the steps 1 and 2. 

IV. PARACONSISTENT/FUZZY ANALYSIS 

First, the degrees of evidence are analyzed by the simplified 
"Para-analyzer" algorithm, as seen in section II, which 
transforms them into two values called degree of certainty  
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and degree of contradiction	 . 
The lattice of PAL2v can be represented in degrees of 

Certainty and Contradiction values according to Fig. 2. 
 

 

Fig. 2 PAL2v-Lattice with the values of the Degree of Certainty (DC) 
and Contradiction (Dct) 

 
These two signals, one related to the notion of certainty 

(Truth and Falsehood) and another related to contradiction 
(Inconsistency and Indetermination) have their values 
confined to a normalized discourse universe between -1 and 
+1.  

The normalization of these values is treated in 
"Memberships" of FL, with the fuzzy rules based on 
paraconsistent logic, and the corresponding logical state can 
be found. 

A. Subdivision of the PAL2v Lattice and Definition of the 
Inputs for  and  in the Lattice for Control 

It is then possible to divide the lattice into several parts [2]; 
thus, determining regions that represent the results of the 
analysis of the situations in the form of degrees of evidence μ 
and λ applied at the input. A paraconsistent analysis done in 
this way allows Control over the situation analyzed.  

The control, deducted from the mathematical treatment 
given to Degree of evidence in the "Para-analyzer" algorithm, 
can be refined by modifying the granulation of the lattice and, 
as a consequence, an increase in the number of regions. By 
obtaining a greater number of regions, a fine adjustment in the 
decisions resulting from analyses is achieved. To better define 
the regions in the lattice, reflecting on better decision-making 
after paraconsistent analyzes, the theory of fuzzy sets is 
applied, obtaining a significant improvement in the responses 
of the control. 

According to Fig. 3, the lattice was divided into 260 parts 
(regions) through the fuzzification. These 260 regions present 
260 logical states.  

The logical control will be done with the search for stability 
(balance) system in point equidistant from four vertex of the 
PAL2v-Lattice. This control is obtained for analysis that 
considers the degree of favorable Evidence ( ) as the set-point 
( ) and the degree of unfavorable Evidence ( ) as a signal 
from the process variable ( ). 

V. DEVELOPMENT OF THE MEMBERSHIP FUNCTIONS 

The FL methodology applied in the lattice of PAL2v 
generates Membership functions for two classes of Fuzzy set; 

one class provides Membership functions in the axis of the 
degrees of Contradiction and the other provides the 
Membership functions in the axis of the degrees of Certainty. 

In order to construct the Membership functions in the axes 
of Certainty and Contradiction, we will use the triangular 
representation type, where the supports of the Fuzzy sets and 
crossover points are identified in Figs. 4 and 5. Fig. 4 shows 
the lattice of PAL2v and the membership functions generated 
in the axis of the degrees of Contradiction resulting in the 
fuzzy set related to the uncertain values. 

 

 

Fig. 3 PAL2v-Lattice divided into 260 regions that produce 260 
logical States 

 

 

Fig. 4 Membership Functions elaborated on the axis of contradiction 
 

Fig. 5 shows the lattice of PAL2v and the Membership 
Functions of the axis of degrees of certainty resulting in the 
Fuzzy set related to the certain values. 
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Fig. 5 Membership Functions elaborated on the axis of certainties 

VI. DEFINITIONS OF THE PARA-FUZZY PROJECT 

With the membership functions obtained, the procedures for 
the definition of the project of the Para-Fuzzy signal analysis 
system follow the FL methodology. 

In this work are included the phases of a Fuzzy project that 
deal with the strategies of fuzzification and defuzzification. 
For this, it is necessary to apply the techniques to make the 
base derivation of fuzzy control rules. Firstly, the proposed 
problem and the objective of the project are described (in Fig. 
6): 

 

 

Fig. 6 Problem to analyze and proposed objective 
 

 

Fig. 7 The phases of the Paraconsistent-Fuzzy project 
 
The phases of the Paraconsistent-Fuzzy project are 

summarized as in Fig. 7. 
The organization of inference rules obtained from 

membership functions is shown in Fig. 8. 
 

 

Fig. 8 Representation of the inference rules 
 
With the inference rules presented in Fig. 8, the classical 

procedures of inferential methods presented in detail in [2] and 
[7] are made. As well as the choice of the inference methods, 
the defuzzification in the membership functions of the output 
is made choosing the most appropriate method to the 
application of the control system. The choice is made in a 
heuristic way, so it depends on the expert who will apply the 
Para-Fuzzy system. The crisp value of the output will indicate 
the percentage to be sent to the controller according to the 
reflex proposition of positioning in one of the 260 regions of 
the PAL2v lattice described as follows: 

 
1) Situation , . , then -1.0o 
2) Situation , . , then -1.0o 
3) Situation . , . , then -0.9o 
4) Situation . , . , then -0.9o 
5) Situation . , . , then -0.9o 
6) Situation	 . , . , then -0.9o 

… 
138) Situation . , . , then+0.0o 
139) Situation	 . , . , then +0.0o 
140) Situation	 . , . , then +0.0o 

… 
260) Situation , . , then +1.0o 
 
The Fuzzy set of output will therefore have 21 membership 

functions representing the 260 described situations. Each 
situation with its Membership functions, are shown in Fig. 9. 

It is verified that the single output signal will vary between 
the maximums and minimums of "Truth", "Falsehood", 
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"Indetermination" and "Inconsistency" by bringing aggregate 
of action percentage of the controller to the corresponding 
logical state. 

 

 

Fig. 9 Single output signal (crisp value) after applying of the 
Paraconsistent and Fuzzy Logics 

And for the identification of the logical state is still 
considered the block "logical state identifier" that uses the 
degree of certainty and degree of contradiction. The system 
presents a total of two output signals: the crisp value and 
current logical state. 

VII. PARA-FUZZY DIGITAL CONTROLLER 

A block with "Para-Fuzzy" algorithm is used in order to act 
on the error in the input of the proportional, derivative and 
integral arguments as shown in Fig. 10. 

 

 

Fig. 10 Para-Fuzzy Digital PID block diagram for lattice of 260 states 
 
In the Para-Fuzzy subsystem we have the “  and  

converter block” that uses a 1st degree function to transform 
the set point and process variable values in the range of 0 to 1. 
The “  and  calculation block” that through μ and λ 
extracts the degrees of Certainty  and Contradiction , the 
“state identifier logical block" that through  and  
computes the paraconsistent logical state in the range 1 to 260. 
The “fuzzy block” that generates the crisp value from -1 to + 1 
according to the logic state of the lattice and the “crisp value 
normalization block” that uses a 1st degree function to return 
the value to the real environment. 

Fig. 11 shows the comparisons of the conventional Digital 
PID controller with the Para-fuzzy Digital PID controller in 
response to the unitary step for P=12, I=4, D=1.5 e N=100. 

 

 

Fig. 11 Comparison of the Conventional Digital PID with Para-
Fuzzy Digital PID in response to the unitary step. (1) Unitary Step; 
(2) Response of the Conventional Digital PID; (3) Response of the 

Para-Fuzzy Digital PID 

In Fig. 11, a 2.5 seconds simulation was performed in 
response to the unitary step for the Para-Fuzzy Digital PID and 
Digital PID, both adjusted with proportional gain at 12, 
integral at 4, derivative at 1.56 and derivative filter at 100. 
The Para-fuzzy conversion functions were maintained from 1 
to 1 (for  and  conversion, and crisp normalization). It was 
observed a difference of 6 units between the pulses resulting 
from the derivative action, being the controller 1 (Digital PID) 
at = 162 and the controller 2 (Paraconsistent-Fuzzy 
Digital PID) at  = 156. A small difference was observed 
in response to the integral action of 0.05 being the controller 1 
at = 17.40 and the controller 2 at 17.35.  

Although they have these differences, in a real simulation, a 
fine adjustment to the conversion function can be made by 
removing the gap presented. It was shown the case of 
maximum conversion, having the consequence of the 
difference. 

A. Example of Application in a Level System 

Consider the process composed of two tanks according to 
Fig. 12. The volumetric flow rate in tank 1 is , the 
volumetric flow rate of tank 1 for tank 2 is , and the 
volumetric flow rate of tank 2 is . The height of the liquid 
level is  in tank 1 is  in tank 2. Both tanks have the same 
cross-sectional area, the area of tank 1 is  and the area of 
tank 2 is . 
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Fig. 12 The block diagram of two coupled liquid tanks 
 
For tank 1: 
 

	                (10) 

 
Assuming a linear resistance to flow, it has: 
 

	                   (11) 

 
and, 

	 	 	
              (12) 

 

	 	 	           (13) 

 
Applying Laplace on both sides of (13), it has: 
 

	 	 	      (14) 
 

1 	 	       (15) 
 
For tank 2: 
 

	                (16) 

 
Assuming a linear resistance to flow, it has: 
 

	                    (17) 

 
and, 

	 	 	               (18) 

 

	 	 	           (19) 

 
Applying Laplace on both sides of (19), it has: 
 

	 	 	     (20) 

 

1 	          (21) 

 
To obtain (s)/ (s), cancels (s) in (14) and (19), 

therefore: 
 

	
	 	 	 	

      (22) 

 
Using the values shown in Table I, the following transfer 

function is obtained in (23). 
 

	 .

. 	 .
            (23) 

 
TABLE I 

PARAMETERS VALUES FOR TWO TANK [14] 

Parameter Value Unit 

A  0.0145 m  

A  0.0145 m  

R  1478.57 sec/m² 
R  642.86 sec/m² 
h  0.50 m 

h  0.50 m 

 
With the transfer function, the "tune" feature was used for 

automatic adjustment in MATLAB of the PID. The following 
values were found: proportional at 0.007661, integral at 
0.000284, derivative at 0.018419 and derivative filter at 
1.734662. 

Fig. 13 shows the diagram of blocks made in MATLAB for 
control of the level plant, with the performance of the 
conventional Digital PID controller and the Para-Fuzzy Digital 
PID for comparison of the answers. 

By applying the Para-Fuzzy Digital PID controller and 
comparing with the conventional Digital PID are obtained the 
answers in Fig. 14. 

 

 

Fig. 13 Block diagrams of conventional Digital PID and Para-Fuzzy Digital with proportional value at 0.007661, integral at 0.000284, 
derivative at 0.018419 and derivative filter at 1.734662 
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Fig. 14 Comparison of the Para-Fuzzy Digital PID with conventional 
Digital PID in response to 0.055 m step. (1) 0.055 m step; (2) 

Response of conventional Digital PID; (3) Response of Para-Fuzzy 
Digital PID 

 
In Fig. 14, we have applied the 0.055 step in the controllers 

for the TF of (23). The duration of the simulation was 100 
seconds, the step was applied at time 5 s and the controller’s 
gains were: proportional with 0.007661, integral with 
0.000284 and derivative with 0.018419. The 0.055 m step was 
used in the Para-Fuzzy Digital PID with the conversion 
function from 1 to 10 (  and  conversion, and crisp 
normalization);  in a real application this conversion function 
must be well calculated by the designer. 

For controller 1 (Digital PID), it was obtained:  (rise 
time) at 12.73 s,  (settling time for +-2%) at 38.05 s, 

 at 8.15%,  at 1.99% and 
_  (off-set error) at 0.00. For controller 2 (Para-

Fuzzy Digital PID), it was obtained:  (rise time) at 12.50 
s,  (settling time for +-2%) at 34.90 s,  at 
8.15%,  at 1.99% and _  (off-set 
error) at +-0,002. For close loop without controller it was 
obtained:  (rise time) at 0.58 s,  (settling time for +-
2%) at 38.24 s, and  at 84.259%. 

VIII. CONCLUSION 

In this work, a study was developed to demonstrate the real 
possibility of applying the two non-classical Logics, the 
Paraconsistent Logic (PL) and the FL. Furthermore, it was 
possible to join the two non-classical concepts applied in the 
control with the realization of a simulation and it was resulted 
the implementation of a Paraconsistent-Fuzzy Digital PID 
controller. The results of the application of the Para-Fuzzy 
Digital PID controller in a two-tank level plant presented 
satisfactory results, which allow us to assure new studies in 
this field of knowledge. The technique shows that it is possible 
to treat the error within the lattice, generating results for the 
controller through the corresponding logical state and still 
brings the possibility of mapping the control region as output 
to the programmer based on the contradiction and certainty for 
actions of correction in the mesh, signaling for other meshes 
or even operating the current protection system of the current 

mesh, among other applications of the designer. In future 
works, it is possible to use more fuzzy outputs that can respond 
still better to each logical state of the PAL2v-lattice. Under 
these conditions, the control still can be improved by 
archiving the integer value of the paraconsistent logical state 
and predicting a behavior of the plant taking a predictive 
action. 
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