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Abstract -This paper presents the mathematical theory and the solution’s implementation for a continual modern electronically-automatic PID regulator.

The novelty of this regulator is in the fact that it can detect the presence (or the absence) of an internal bug and also the variation of values of the passive and active electronic elements from the nominal values. 
It can be connected with a personal computer by the RS232 interface connection and it can send internal information. This automatic regulator was developed by SC IPA CIFATT SA Craiova, as a result of the research made inside the research-development project “Methodologies and instruments for automatic nano-electronic circuit design”.
Introduction

The modern automatic PID regulator is based on the analysis of the reverse system’s sensitivity. The sensitivity notion was introduced by Bode in the year 1945, and it was “forgotten” for approximately 30 years. Once with the development of the electronic computational device – initially analogues, and later numerical- this “sensitive systems” notion began to be of interest for the automation engineers.
The problem of the reverse analysis can be formulated in the following way:
Be the mathematical model of the continual dynamic no-linear system. The state vector equation is: 
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With the initial condition

 
[image: image2.wmf]0

0

)

(

x

t

x

=

                               (2)

Where the state vector is (x), the input vector is (u), the system’s parameters are represented by (p), time is (t), the continual and differentiable function is (f).
Noting with q the vector obtained from the x0, u and p components’ juxtaposition.
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The equation’s solution is the undisturbed state’s trajectory.
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If at the t0 moment it appears a step variation of the initial state (
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), then will appear a state variation from the normal trajectory.
In this case, the disturbed state’s trajectory will be:
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and the trajectory’s state deviation from the nominal trajectory will be given by 

     
[image: image10.wmf])

,

(

)

,

(

t

q

x

t

q

q

x

x

-

D

+

=

D

                    (6)
 or
     
[image: image11.wmf])

,

(

)

(

t

q

t

x

D

=

D

j

                           (7)
With these preliminary notes we can formulate the reverse sensitivity analysis:
For a dynamical real system, known the trajectory’s state deviation in time
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, one should determine the modification vectors of the initial states
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 and of the parameters’ modification
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, which produced this deviation through simultaneous intervention.

Technically the reverse analysis of the problem is summarizing to the solving of the equation
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Physically, the automatic PID regulator contains the following functional blocks:
-a PID regulator implemented with the help of some operational amplifiers
-a numerical computational block (microcontroller) whether it is performed the detection and the localization algorithm of the variation of the parameters, of the initial state and of the commands. 
In the second paragraph, it is described the solving of the equation and the state diagram for the general solution of the reverse sensitive analysis. Then it is presented the Reverse Sensitive Analysis (RSA) algorithm for the PID regulator produced by SC IPA SA Craiova, and also the physical description of the equipment. 
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