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     WHILE NOT Digin(SampleTime) DO 
                                   (waiting)  
     END                     (end of while loop)  
                                   (control)  
    UNTIL stop;          (end of repeat loop)  
END;                         (ControlTask)  

 The polling method is restricted 
to small multicomputer systems, its 
strong point is simplicity and ease of 
programming. The similar situation 
exists in ballast coding.  Time 
necessary to execute program code P 
in the controller is dependent on the 
instructions and values of the 
information, even for the code of the 
afore mentioned examples, which do 
not include any branches.  The time 
to execute basic arithmetic operations 
will change in accordance with the 
sign and actual value of the variable.  
This is more evident on the figure 
3.6, where for every branch the time 
of calculation is calculated (or 
measured), and the ballast code B is 
added to every path so that the 
average calculation time may be 

equal to the sampling time T.  This method may not be used exclusively with 
interrupts or when the CPU’s clock is changed, because then it is necessary to 
define the ballast code values once more.  Using the real time clock gives a 
great deal of ability in solving the problem of  time synchronization and is 
very often applied in controllers.  Below is a simple example [2]. 
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Fig. 3.6. Ballast Coding 

 
PROGRAM PIDController; 
CONST 
     kpvalue              = 1.0; 
     kivalue               = 0.8; 
     kdvalue              = 0.3 
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     SampleInterval  = 0.01; 
VAR 
   s,kp,ki,ke,en,enold,mn    : REAL; 
   time,   nextSampleTime  : REAL; 
                                    stop  : BOOLEAN; 
FUNCTION ADC                      : REAL; EXTERNAL; 
FUNCTION SetTime                 : REAL; EXTERNAL; 
PROCEDURE DAC (VAR mn : REAL); EXTERNAL; 
BEGIN                                               (main program)  

                          stop := FALSE; 
                               s := 0.0; 
                             kp := kpvalue; 
                              ki := kivalue; 
                             kd := kdvalue; 
                        enold := ADC; 
                          time := GetTime; 
nextSampleInterval := time + SampleInterval;                                                     

REPEAT                  (Control loop) 
  WHILE time < nextSampleTime DO 
        time := GetTime; 
  END                                                        (end of while loop)  

     en   := ADC;                                  (error value of en from ADC)  
      s    := s + en;                                 (integral summation)  
    mn   := kp * en + ki * s + kd * (en - enold); 
    DAC(mn); 
    enold:= en; 
    nextSampleTime := time + SampleInterval; 

UNTIL stop; 
END.                                                         (PIDController)  

In the example it is assumed that GetTime is a function which inputs the value 
of current time. The WHILE loop <condition> DO works as a delay loop, in 
which the program waits for the next sample.  It should be noticed that the 
variable “time” is continuously updated.  After every calculation of control 
the time for the next sample is updated by adding the time of sampling to the 
variable “time”. 
 In controllers this is realized by the use of an internal impulse clock, 
which synchronizes the work of the whole controller program.  It must be 
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      en := ADC;                               (error value en from ADC)  
        s := s + en;                             (integral summation)  
    IF s > smax THEN s := smax            (upper limit)  
    ELSE IF s < smin THEN s := smin;  (lower limit) 

IF mn > smax THEN mn := smax     (upper limit of DAC)  
    ELSE IF ma < smin THEN ma := smin;  (lower limit of DAC)  
     mn := kp * en + ki * s + kd * (en - enold); 
    DAC(mn); 
 enold := en; 
 UNTIL stop; 

 In the next method the integral summation is sort of frozen, while the 
output is saturated.  That is when the value in the integrator stays constant.  
The system may be realized, utilizing the signal from the sensor which 
informs about the state of saturation of the performing element. 
 Both of the above methods are used for large values of saturation, beyond 
this in both methods, a large value in the integrator, when the system comes 
out of saturation does not ensure satisfactory dynamics of the object. 
 The idea of the method of subtractional integration is that the integral 
summation decreases proportionally to the difference between the calculated 
output variable value mn and the maximum allowable mmax.  That is why the 
equation  
  sn = sn -1   +  en 
takes on the form 

  sn = sn -1  - K ( mn - mmax) + en with the assumption, that for  mn > 
mmax             (3.15) 

 The degree of decrease of this sum is dependent on the experimental 
choice of K.  The improper selection can cause oscillations on the boundary of 
saturation.  This method is modified by halting the addition of error en in 
saturation on the basis of saturation taken from the performing element.  The 
strong point of this is a fast exit from saturation.   
    Application of the previously mentioned velocity algorithm causes 
automatic setting of the limits of integration. 
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