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Abstract: In the present work, the application of repetitive filters in the robust process control systems 
is examined. The functionality of the proposed system and the improved performance, robust performance 
and filtering properties has been proven. 

1. Introduction 
By increasing the performance requirements of the mod-
ern technological process control systems, there is 
considerable interest in the classes of non-stationary 
control systems in the conditions of a priori uncertainty 
and unmodulated dynamics, some of which are the fol-
lowing known classes of systems: robust systems;
systems with parametric compensation; systems with 
interference absorption; systems using fractal algo-
rithms; adaptive systems; systems with reduced 
sensitivity; systems with variable structure; extreme sys-
tems; repetitive systems; intelligent control systems 
(using neural networks, fuzzy multi-theory, genetic algo-
rithms, chaos theory, etc.).
There are differences between them in structural and 
parametric terms. They are predominantly governed by 
the class of control objects, the type of control and inter-
fering performance, and the controlled objective. In the 
case where the parametric disturbances in the objects are 
dominant and there are periodic external disturbances 
whose nominal parameters are known in advance but 
which fluctuate operationally around the nominal ones 
and one of the main requirements for the performance of 
the system is the resilience and the robust resilience of 
the system, application of robust repetitive systems is 
recommended as an effective. 
In this context, the aim of the current work is to study 
the properties and applicability of the repetitive filters in 
robust systems and systems with robust properties. [1]. 

2. Robust systems and systems with 
robust properties. 
In literature are known systems with internal model 
RMM [1-3], systems with interference absorption DAS  
[1], and gain scheduling control system GSC  [1], as 
well as the methods and the algorithms for their synthe-
sis.  
 The free parameter method solves the task of ana-
lytical synthesis of robust systems MMR  (фиг.1) with 
an internal model for controlled objects in the conditions 

of a priori uncertainty, under the criteria: (1): robust 
stability and robust performance of the system for a 
predetermined in the synthesis parameter set  , satis-
fying the requirements (1.a); local criteria for quality 
LCQ (1.b) – process with minimal integral squared error.  
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Fig.1. Robust control system with internal model 

and initial conditions for synthesis – a priori know 
*G ,  ,  , where:  p*Q  classic regulator (2) 

with filte  pF   (4) [2], corresponding to a nominal 
model of the controlled object G  by the set LCQ; 

 pR M  (3) – robust regulatoer with an internal model 
of the object G . Every l  element от  pf l  (4) 
should meet the requirements (5), where i  are the 
poles G  in the right half-space.
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 The method of the equilibrium partial absorption 
equation [2] solves the task for analytical synthesis of 
systems (fig.2), absorbing the influence of wave struc-
tured disturbances on the adjustable magnetite, for 
controlled objects under a priori uncertainty, under the 
criteria (6): minimum Euclidean norm (6.a) of the 
members of the equilibrium balanced absorption equa-
tion on the adjustable magnitude; equality stock 
sustainability (6.b) (or optimal module); LCQ (6.c) (pro-
cess with reordering set const ) etc.  
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and initial conditions for synthesis: a priori known 
*G , , , a representative trend of the system error in 

operating (simulation) conditions. The control u  (6) of 
the systems (fig. 3) has two additive constituents: ru - 
on the basis regulator, *R , realizing the aim of control of 
the respective LCQ and du - to absorb the impact of in-
terference  . The matrix E , F  и C  (7) reflect the 
dependence of the vector y  from the controlled vector 
u , the disturbance   and the condition of the system 
x . The "nominal" system corresponding to the absorp-
tion system is a hypothetical parametric, non-intrusive 
linear system synthesized at the given LCQ (6.c) to the 
nominal model *G , determined with the “nominal” 
regulator *R  (8).  

  FuuExCy dr   (7) 

   pGpR **   (8) 
Corresponding to the disturbance absorbing system 
(fig.2) “the classical” parametric disturbed system is 
with regulator *R  и process control, modeled using the 

 ,pG  in real operational conditions (or with ade-
quate computer simulation). oy , u  are signal external 
interference aggregated on the assignment channel oy  
and/or the loading u , and   are aggregated internal 
additive or multiplicative parametric and/or structural 
disturbances with a wave structure in process control. 
Analytical design of the absorber A  in the structure 
(fig.2) of the system is according (9), where the fluent 

 p-1

2Q  is determined by a known methodology [1], 
and the optimum gain value Ak  is determined based on 
(10) or (11). CLASS

  е   - frequency of the closed 
classical system, []A

  е   - frequency of the closed, 
disrupted, interference-absorbing system; []G  - a mod-
el of disruption at the highest level process control; 

[]

0

CLAAS

y 
  - transmitting fluent of the closed, top-class 
classical system. 
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Fig.2. Disturbance absorbing system 
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 The method of the compensation equation of the 
parametric balance [1] solves the task of analytical syn-
thesis of gain scheduling control system with combined 
 CG  (fig.3) parametric compensation for controlled 

objects under a priori uncertainty, under the criteria 
(12): constant value (corresponding to optimal system 
setup under  ) of the transmission coefficient 1k


of 

the regulatory body (12.a); constant value (correspond-
ing to optimal system setup under  ) of the 
transmission coefficient 1SYSTEMk of the system (12.b); 
LCQ (12.c) (process with reordering set const  etc.)  
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and initial conditions for synthesis: a priori known  , 
type of regulator, where:    p*Gp*R  , 
   00 ss,ll ; oy , s  are signal external interfer-

ence aggregated on the assignment channel oy  and/or 

2

MATEC Web of Conferences 287, 08002 (2019)	 https://doi.org/10.1051/matecconf/201928708002
Power Transmissions 2019 



loading s , and   are aggregated internal additive or 
multiplicative parametric and/or structural interferences 
in process control; tl , ty , tq - position of the valve 
control system PO ; adjustable magnitude and cost of 
output at PO ;  AG

t ,  CG

t ,  CG

ta  -  com-
pensation variables; rornp,t , rolin,t  (13) - 
compensation variables for PO  with equal and linear 
flaw characteristics; ts  (13) - - loading changes.  
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Fig.3. Gain scheduling control system�

3. Repetitive control and ML filters.  
The repetitive control is effectively applied in systems 
for controlled technological objects characterized by pe-
riodic signal interference [4,5]. In the structure of the 
repetitive regulator, the internal model in the ML 
(Memory Loop) [6-11]  pM L  (fig.4 and fig.6) is 
used, which consists of a periodic signal generator al-
lowing compensation of periodic disturbances with a 
predetermined and fixed value of the period pT . The 
base ML has the ability to "memorize" the frequency of 
"cut-off" and effectively to counteract it, through its spe-
cific structure as a dynamic system. There are 
dependency bridges for it (14)-(16):  

     ppp*    (14)  

 
 
  p

p

Tp

Tp

L
e1

e

p

p
pM











 (15)  

       p
e1

e
ppMp

p

p

Tp

Tp

L  




















  (16)  

pTpe 

 p

 pM L

 p

 

 p

 pLM

 p*

 p

pTpe 
 p

 pLM

 p*

 p

pTpe 
 p

 pLM

 p*

 p

pTpe 

 
Fig.4. Base ML filter       Fig.5. Improved ML filter 
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 Fig.6. Repetitive control system 

In the literature is well-known and improved [9] ML 
(fig.5). It differs from the basic one [6-11] because it us-
es a model of delay, but in a different structure. Unlike 
basic one (17), the improved ML- filter (19) is a sustain-
able dynamic system. 
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The values of the regulator setting parameters in the con-
trolled technological objects systems are subject to the 
aim and the criteria presented to the system in its synthe-
sis. They are not a function of the respective ML-filter, 
which is added to the regulator. In this sense, the design 
of the ML-filter in the control systems is autonomous 
and is not related to the synthesis of the regulator. For 
designing ML-filters with memory is used “rejecting 
module bandpass filter criterion”. The essence of this 
method is a sequential frequency correction. The design 
filter criterion is defined by (20).  
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4. Robust repetitive control systems 
with internal model. Synthesis. 
1. They are set below (chart 1): nominal model 

 p*G  of a minimal-phase object  pG ; an embar-
rassed object (model) at the top  pG [] ; synthesis 
criteria (1.a); period pT  of constant intermittent dis-
turbance   consttsind p   . 
2. It is necessary to synthesize: robust MR  regulator 
(free parameter method); repetitive ML-filter (19), (20); 
compensation variables PCS

t , PCS

ta  (13) (method of 

the parametric balance equation); absorber  pA das  of 
the wave structure disturbances (equilibrium partial ab-
sorption of the disturbances method). 
Based on the synthesis methods and the advanced ML-
filter described above, the configuration of robust repeti-
tive systems is based on development in the structure 
(fig.1) using the principle of consistent correction of 
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MR  with ML-filter, compensation variables PCS

t , 
PCS

ta  and/or absorber  pA das . In fact, four complete-
ly new systems are illustrated respectively:  
- in fig.7 – robust repetitive internal model control 
RMREP , where the controlled algorithm  pR M

ML is 
presented analytically with (21), and the results of the 
synthesis are plotted in table 1;  
- in fig.8 – robust stabilization repetitive RMGSCREP , 
where the controlled algorithm  pR GSC

M

ML is presented 
analytically with (22), and the results of the synthesis are 

plotted in table 1; 
- in fig.9 – robust repetitive disturbance absorbing 
RMDASREP , where the controlled algorithm  pR GSC

M

ML

is presented analytically with (23), and the results of the 
synthesis are plotted in table 1; 
- in fig.10 – robust stabilization repetitive disturbance 
absorbing PRMGSCDASRE , where the controlled algo-
rithm  pR DASGSC

M

ML is presented analytically with (24), 
and the results of the synthesis are plotted in table 1.  

Table 1. Results of the synthesis 
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 pG


 pu

  pR M ML
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Fig.7. Robust repetitive internal model control system 
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 pq
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Fig.8. Robust stabilization repetitive control system 
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 p


 pA
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 p
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Fig.9. Robust repetitive disturbance absorbing system 
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
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Fig.10. Robust stabilization repetitive disturbance absorbing 
system 

5. Analysis and quality assessment. 
Comparative analysis. 
The four synthesized systems are modeled and simulated 
under the same conditions. The simulation model re-
sults- time and frequency characteristics for closed i  
and for open iW  control systems are shown in fig.11 и 
fig.12. The system features are visualized in nominal 
parametric mode ( *GˆG  , 0d  , fig.11) and in per-
turbance mode on the upper limit ( []GˆG  , 0d  , 
fig.12) without the presence of a permanent intermittent 
external signal disturbance d . The following symbols 
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are used: 
i

h  - transient functions,   j ,  jW - 
frequency characteristics of closed and open systems.  
Quality analysis [1,12] in nominal parametric mode of 
the systems (fig.11) confirms that all four systems meet 
LCQ, reflecting the adjustment times (fig.11.a) and their 

stocks by module and phase (fig.11.b). 
Quality analysis in perturbance mode on the upper limit 
systems (fig.12) confirms that: systems remain stable, re-
flecting the times regulation (fig.12.а) and their gain 
margin and phase margin (fig.12.b). 
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6. Robust analysis. 
By definition, the system analyzed is: robust stability 
and robust performance [1] for the set   (1.a), if it 
meets the requirements (29) и (31) for the entire fre-

quency range. If the nominal 

iW  and the perturbed 
[]

iW  are open systems (25), so the circle   (26) with 
radius 0r  (27) and with centers in points i , depict-
ing the uncertainty in the process control, so the 

Fig.11.a. Time characteristics - nominal systems Fig.12.a. Time characteristics - perturbed systems 

Fig.12.b. Frequency characteristics - perturbed systems Fig.11.b. Frequency characteristics - nominal systems 

Fig.13.a. Robust analysis of the characteristics of the open 
loop systems 

Fig.13.b. Robust analysis of the characteristics of the closed 
loop systems 

Fig.14. Time analysis of the filtering properties systems 

b. 

b. 

a. 
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requirements for the robust stability and robust perfor-
mance can also be expressed in the characteristics of an 
open system with (28) and respectively with (30).  

[]

i

[]

iii GRW;*GRW   (25) 
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       iiimi
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
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 
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The results (fig.13) from the robust analysis of the 
characteristics of the open loop  jW i  (fig.13.a) 
and close loop   ji (fig.13.b-c) systems,  
analytically prove that under uncertainty  , []  (table 
1): the repetitive systems (fig.7-fig.10) meet the 
requirements (28)-(31) both for robust stability and 
robust performance. 

7. Time analysis 
A time analysis of the filtering properties of the four 
(fig.7÷fig.10) synthesized systems with "test" periodic 
effects was also carried out [11], by modeling the sys-
tems and evaluating the simulation results by time 
criteria. The four systems were modeled with nominal 
parametric mode. Their transitional functions  th i  of 
periodic impact d  (table 1) are simulated.  
The time characteristics of the systems as a result of 
their parallel simulation for a "test" frequency 

s/rad0628,0p  , are illustrated in fig.14 – under dis-
turbance  td  on the assignment channel 0y  
(fig.14.a), as well as in parallel along the three channels 

0y ,   и f  (fig.14.b). 
The results of the study of the four systems with a time 
analysis of the robust filtering properties with respect to 
the quality evaluation for performance of the process 
confirm that the repetitive systems (fig.7, fig.8, fig.9, 
fig.10) have a reduced sensitivity to external harmonic 
impact  td  with frequency s/rad0628,0p  . 

Conclusion 

The present study examines and analyzes the results of 
the research on the peculiarities and properties of the re-
petitive robust systems. Results of research are 

presented, which are confirmation and proof of their 
quality. The stability, performance, accuracy, robust per-
formance and stability, filtering properties of external 
periodic effects of this class of systems are all proven.
In comparative terms, the properties of robust repetitive  
(fig.7), robust stabilization repetitive (fig.8), robust re-
petitive disturbance absorbing (fig.9) and robust 
stabilization repetitive disturbance absorbing (fig.10)  
control systems of the process G , described in table 1, 
using the methods for: ● Performance analysis in nom-
inal and parametric mode of the systems (fig.11, 
fig.12); ● time analysis of the filtering properties of 
systems with "test" periodic effects (fig.14); ● robust 
analysis of the behavior of uncertainty systems  , G , 

*G , []G ,  , []  of the object (fig.13). 
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