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Abstract 
 

During developing programs for programmable logic controllers (PLCs) the concept of model-oriented design is 

increasingly used. In particular, usage of Simulink PLC Coder is giving the opportunity to get SCL program code 

from Simulink model which contains certain dynamic elements. Then, for example, this SCL code can be 

transformed to functional blocks of the Simatic S7-300 (VIPA 300) PLC. This significantly reduces the time 

required to develop code in the language of SCL and reduces requirements for specialists’ qualification when 

developing control systems. In this article we provide an example of PLC programming automation when 

implementing algorithms of guaranteeing control (AGC). For certain types of technological processes it is typical to 

contain monotonically increasing function of the effectiveness with fixed one-way restriction in regulations. For 

example, in the grinders, presses, extruders the load current of the drive is stabilized using the change of feed. 

Energy efficiency of these plants will increase with increasing of the set point (SP) to the controller of the drive load 

current stabilization loop. However, an increase in SP increases the probability of triggering appropriate protection, 

for example, as a result of random changes in the properties of raw materials. Therefore, to avoid this accident, the 

power of driving motors is often unreasonably overrated. And in this case they are used with currents equal to the 

half of rated.Systems of guaranteeing control (SGC) are used to solve the contradiction between the need to improve 

the efficiency and increasing probability of an accident. In [1] the SGC theory basics are represented. SGC ensure 

the maximum approach of the process value t)(yPV  to the permissible value 
limy  with preassigned probability 

 T,lim

lim yP  of regulations violations absence, i.e. absence of “spikes” 
 limt)( yy  in the T time interval. 

The article discusses:  

 block diagram of a closed-loop SGC with a calculation of permissible set point value SP;  

 violations of regulations math models; 

 Simulink models of probability characteristic evaluation module (PCEM) on moving time interval and set 

point calculation module (SPCM). 

Is is described how to get Simatic S7-300 PLC functional blocks using Simulink PLC Coder. A LAD program of 

SGC implementation is shown.  
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Systems of guaranteeing control, Simulink PLC Coder, Step 7, PLC. 

 

 

Problem statement:  for certain types of technological processes it is typical to contain monotonically increasing 

function of the effectiveness with fixed one-way restriction in regulations. For example, in the grinders, presses, extruders 

the load current of the drive is stabilized using the change of feed. Energy efficiency of these plants will increase with 

increasing of the set point (SP) to the controller of the drive load current stabilization loop.  

However, an increase in SP increases the probability of triggering appropriate protection, for example, as a result of 

random changes in the properties of raw materials. Therefore, to avoid this accident, the power of driving motors is often 

unreasonably overrated. And in this case they are used with currents equal to the half of rated. Systems of guaranteeing 

control (SGC) are used to solve the contradiction between the need to improve the efficiency and increasing probability of 

an accident. 

In [1] the SGC theory basics are represented. SGC ensure the maximum approach of the process value t)(yPV  to 

the permissible value 
limy  with preassigned probability  T,lim

lim yP  of regulations violations absence, i.e. absence of 

“spikes” 
 limt)( yy  in the T time interval. 

 

Problem solution: as an example, a block diagram is provided showing a closed-loop SGC with calculation of 

permissible set point SP using model of regulations violations [1, p. 47]. 
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Fig. 1 Block diagram of a closed-loop SGC 

 

 

For stabilizing systems of automatic control SP(t) is changing relatively slowly. For these systems we can assume: 

SPmtm yy 


)( , qstTt ,  (1) 

 where )(tmy - mathematical expectation of y(t), ym


- evaluation of mathematical expectation )(tmy on moving 

time interval qstT . 

In particular, when t)(y  can be represented as quasistationary on interval TqstT   stochastic process with close 

to normal probability density distribution, quantity of spikes t),( lim



yns over top and below bottom limits can be 

calculated as follows: 
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where: )(ty
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  - evaluations of mean square deviations of )(ty  and its derivative on moving time interval 

qstT . 

Using SGC makes sense if we consider the events 
 limt)( yy as rare. In accordance with Poisson distribution, 

probability that on the time interval T will be no event as 
 limt)( yy , is defined by the expression: 
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From (1) and (3) we get: 

 







 


 

T),(/1ln)(2/)(ln2)(y(t) lim

lim

lim yPttTty yyy
sp  , (4) 

Necessary evaluations of )(ty  probability characteristics can be obtained by time averaging on moving interval 

qstT with an exponential weighting using low frequency filter: 
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Probability characteristics of t)(y  and of error ER(t) stochastic components subject to (1) are identical. Probability 

characteristic evaluation module (PCEM) on moving time interval evaluates )(tER



 , )(tER




  of stochastic process 

)(tER using equations similar to (6). Set point calculation module (SPCM) operates in accordance with (4). 

For control systems specialists it is usual to make models of the control systems in Simulink environment of MatLab 

package. Taking into consideration, that PLC Coder package [2] is also component of MatLab, we have an opportunity to 

convert equations (4), (6) from Simulink models to SCL program code and then use it in Step 7 package during Simatic 

PLCs programming. It is necessary to make models of low frequency filters and differenciator using Z-transfer functions. 

On fig. 2, 3 models of PCEM and SPCM in Simulink are shown. For code generating models shown on fig. 2, 3 are 

converted to Subsystems. And then using command generate code we get SCL program code, which is fully compatible 

with Step 7 programming environment. After compilation this program code can be presented in functional blocks which 

can be uploaded to the Simatic S7 300 or Vipa 300 PLCs. 

 

 
Fig. 2 Model of SPCM 

 

 
Fig. 3 Model of PCEM  
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Program implementation:  LAD program implementing SGC is shown on fig. 4. In this program we use SGC functional 

blocks FB10 and FB11, which were obtained using procedure mentioned above. Also PID controller standard block FB58 

is used to cover PID algorithm. Process value PV comes to the input of the PLC PIW752, and control variable CO goes to 

the output PQW752. Error signal ER is a data block DB58 parameter and goes to the input of “PCEM” FB10, which 

evaluates estimations )(tER



 , )(tER




 . Then these estimations are used by “SPCM” FB11 block for calculation of 

maximum permissible set point value (t)spy  which goes to the FB58 PID block. 

  

 
 

Fig. 4 LAD program implementing SGC 

 

Results of modeling: using workbench described in [3], SGC half-scale modeling was carried out. Results showed 

correct performance in accordance with the results of systems modeling described in [1].  In particular, as follows from fig. 

5, system under consideration has characteristic of aperiodic setting device. Also SGC ensure maximum efficiency of 

operation, bringing SP closer to 9spy . We can observe that with stochastic process )(ty  properties change, set point 

SP to the stabilization system also promptly changes. That ensures specified probability of no-accident performance, i.e. 

lack of “spikes” 
 spyy t)( . 

 

 

 

 

 

 

 

 

 

 

 

4  ТЕХНІЧНІ ЗАСОБИ ТА ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ В СИСТЕМАХ УПРАВЛІННЯ 

 



               Автоматизація технологічних і бізнес-процесів Volume 7, Issue 1 /2015               
www.journal-atbp.com 

 

 
72 

 

 
 

 
 

 Fig. 5 Results of SGC operation 

 

1 – SGC operation when implementing algorithm in VIPA PLC 

2 – SGC operation when implementing algorithm in Simulink 

3 – upper limit 
limy  

 

Conclusion: model-oriented design using Simulink PLC Coder significantly reduces the time required to develop and 

implement control systems by automatically generating code for Simatic industrial controllers. Deep knowledge of PLCs 

programming languages is no longer required from the developers of control systems. 
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