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Abstract. The actual task of modelling automatic control systems is to 
use control algorithms that include some function that limits the output 
signal. Proportional–integral–derivative (PID) controllers are used to 
control dynamic processes with variable at wide limits parameters and 
uncontrolled violations in automated process control systems. Despite the 
wide distribution, this type of controllers is not easy to configure. In article 
the problems of modelling proportional–integral–derivative controller are 
discussed. The methods of combating the effect of integral saturation are 
studied. The results of using algorithms of combating the effect of integral 
saturation are represented. 

1 Introduction 
The actual task of modelling automatic control systems is to use control algorithms that 
include some function that limits the output signal. 

Proportional–integral–derivative (PID) controllers are used to control dynamic 
processes with variable at wide limits parameters and uncontrolled violations in automated 
process control systems. 

The PID controller was invented in 1910 [1]. In 1942, Ziegler and Nichols developed a 
method for its tuning, and after the advent of microprocessors in the 1980s the development 
of PID regulators was taking place at an increasing rate [2]. 

The PID controller is one of the most common type of controllers. About 90 - 95% of 
the controllers currently in operation use the PID algorithm [3]. The reason for such high 
popularity is the simplicity of construction and industrial use, the clarity of functioning, the 
suitability for solving most practical problems and low cost. 

The PID controller has received wide application in various in purpose and design 
systems of automatic control of the working parameters of equipment, which in turn makes 
it easy and easy to provide signal generation [4]. The ultimate goal is to obtain high data 
accuracy, as well as the quality level of the transient process itself [5-8]. 

The PID controller uses the proportional-integral-differential regulation law. The PID 
controller usually has additional service properties of automatic tuning, signalling, self-
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diagnostics, programming, unstressed switching modes, remote control, the ability to work 
in an industrial network, etc [9]. 

Some of the problems arise because of the complexity of operation. In many PID 
controllers, the differential component is disabled only because it is difficult to properly 
configure. Users neglect the calibration procedure, insufficiently thorough knowledge of 
the dynamics of the controlled process does not allow choosing the correct parameters of 
the regulator. As a result, 30% of the regulators used in the industry are set up incorrectly. 
Therefore, the main efforts of researchers are currently focused on the search for reliable 
methods for automatic adjustment of regulators, both integrated in the PID controller, and 
functioning on a separate computer. 

After the emergence of cheap microprocessors and analogue-to-digital converters PID 
controllers use automatic parameter adjustment, adaptive algorithms, fuzzy logic methods, 
genetic algorithms are used. The structure of the controllers became more and more 
complicated [1-39]. 

2 PID controller parameters 
Despite the wide distribution, this type of controllers is not easy to configure, since it is 
necessary to search by three parameters: proportional (kp), integral (ki) and differential (kd) 
components [10-12]. The transfer function of these regulators is usually represented as 
follows: 
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At present, there is still no single method for calculating the parameters of the controller 

for the control loop. The most famous methods are the empirical Ziegler-Nichols method 
(the method of undamped oscillations), the damping oscillation method, the Kuhn method, 
the Schädel method, etc. Each of the methods has advantages and disadvantages and is 
applied under certain requirements to the regulatory system. The choice of method directly 
depends on the control object. 

The actual task for modeling automatic control systems is to use control algorithms that 
include some function that limits the output signal. 

The equation of a nonlinear element of saturation type is represented by the formula: 
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Integral saturation is the effect that is observed when the PI or PID controller has to 
compensate for a long time an error outside the range of the controlled variable, since the 
controller output is limited, it is difficult to reduce the error to zero. 

If the control error persists for a long time, the value of the integral component of the 
controller becomes very large. This, in particular, occurs if the control signal is limited 
enough that the calculated output of the controller is different from the actual output of the 
actuator. Since the integral part becomes zero only a short time after the error value 
changed sign. Integral saturation can lead to a large overshoot. 
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In order to avoid this effect in the modeling of PID regulators in automated control 
systems in software complexes, algorithms for protection against integral saturation are laid 
down. 

3 PID controllers modelling  
In order to avoid this effect in the modeling of PID regulators in automated control 

systems in software complexes, algorithms for protection against integral saturation are laid 
down. 

For example there are two built-in protection algorithms in Matlab Simulink: Back-
Calculation (Figure 1) and Clamping (Figure 2).  

Simulink is an interactive tool for modeling, simulating and analyzing dynamic systems. 
It provides the ability to build graphical block diagrams, simulate dynamic systems, 
investigate the operability of systems and improve designs. Simulink is fully integrated 
with MATLAB, providing immediate access to a wide range of analysis and design tools. 
These advantages make Simulink one of the most popular tool for designing control 
systems. 

In the additional settings of the controller, you can set limits on the input signal. And 
when using this setting, you can configure protection against the integral saturation effect. 
This effect occurs when the actuator has a saturation limitation on the input. Because of this 
limitation, it is not possible to reach the set point, which results in a non-zero error value at 
the regulator input. During operation, the integrator continues to accumulate this error, the 
signal at its output increases, but does not participate in the regulation process (does not 
affect the object). As a result, there is a delay in the transient process. In order to avoid this 
effect, you must set the limit "Limit output" and choose one of the two methods of 
protection "Anti-windup method". 

Algorithm "back-calculation". In this algorithm, the integral saturation effect occurs 
with the help of additional feedback, for the transmission of signals, the difference between 
the received control signal and taking into account the saturation at the integrator input is 
taken into account. Figure 1 shows the scheme of the "back-calculation" algorithm. 

 

 
Fig. 1. Back-Calculation algorithm. 

The back-calculation anti-windup method uses a feedback loop to discharge the PID 
Controller's internal integrator when the controller hits specified saturation limits and enters 
nonlinear operation. 

Another commonly used anti-windup strategy is based on conditional integration. 
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Fig. 2. Clamping algorithm. 

When the algorithm changes, the structure of the PID controller changes. When the 
control action on the object reaches saturation, we programmatically disconnect the 
integrator from the control. The advantage of this method is that the nature of the transient 
process is much better, that is, it terminates faster and the regulator output does not exceed 
saturation. 

Clamping will always work. It detects when there is an integrator overflow and sets the 
integral path of the PID controller to zero to avoid. Clamping is a commonly used anti-
windup method, especially in the case of digital control systems. In serious applications, 
however, there is also forward clamping involved. This mechanism must be implemented 
manually. 

Back Calculation highly depends on the back calculation coefficient Kb. If the user 
doesn't know how to actually calculate the parameter Kb don't use back-calculation. This 
method calculates the difference between the actual controller output and the saturated 
output and subtracts it from the I-Gain path, amplified by Kb. In most of cases the default 
value Kb=1 will lead to worse results than clamping, it is even possible that it has no effect 
at all. Kb should be calculated based on the sampling time or in case a D-Gain is involved, 
based on D- and I-Gain. Appropriate literature should be consulted to calculate the 
coefficient. Back calculation with a properly set coefficient enables better dynamics than 
clamping 

Consider the results of using the back-calculation algorithm in the example with PID 
controller and without it (Figure 3). The results obtained demonstrate high efficiency of 
back-calculation algorithm use. 

  
Fig. 3. The results of using the back-calculation algorithm – left figure, without using the 
back-calculation algorithm – right picture. 
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3 Discussion 
With a properly tuned PID controller, in most cases, it is possible to ensure that all system 
requirements are met. Because of their simplicity, they have received the widest 
distribution. According to statistics, more than 90% of all industrial regulators are PID-
controllers. 

Constantly growing market requirements to reduce the time of regulation, to the quality 
of the transient process, to the degree of weakening of the influence of external 
disturbances and noise, simplification of the tuning procedure and the need to control 
objects with a large transport delay initiated the appearance of many modifications of PID 
regulators. 

Integral saturation is the result of nonlinearities in the system associated with limiting 
the output control. The negative effect of integral saturation causes a deterioration in the 
quality of regulation. Increase in regulation time and large overshoot. Under certain 
conditions, integral saturation can lead to self-oscillations, even if in the linear zone the 
control system ensures a high quality of regulation. Therefore, various ways have been 
developed to eliminate the effect of integral saturation, which do not allow the control 
signal to reach the boundary values and, nevertheless, ensure a good quality of transient 
processes. These methods are included in various simulation complexes of automatic 
control systems. 

4 Conclusions 
The use of integral saturation compensation algorithms has the following advantages: 
implementation of the method does not require powerful computing facilities and the 
quality of regulation is significantly improved. 

When developing automatic control systems it is necessary to take into account the 
presence of some non-linearities and use algorithms for taking into account the limitations, 
depending on the available automation equipment, the complexity of the process and the 
technological requirements for it.  

The use of integral saturation compensation methods in self-tuning systems of 
automatic control using adaptation and identification algorithms is promising. 
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