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Abstract—In this contribution is presented study of 

flexible mechatronics system control quality analysis. 
Control system is designed by various standard and 
advanced methods. The different criteria for quality 
evaluation are used. The Matlab – Simulink simulation 
model in conjunction with Matlab GUI is used for 
experiments realization. 
 

Index Terms—control quality, Matlab GUI, mechatronics 
system control, Simulink 
 

I. INTRODUCTION 

THE contribution deals with flexible mechatronics 
system control quality analysis by the Simulink tool 

and with GUI utilization created in the Matlab. The 
impulse is ongoing necessity of further advancement of 
electric drives containing elements with different types of 
parasitic effects control methods, in this case flexible 
connection between an actuator and a load. There are 
different methods of mechatronics system control design 
analyzed in this article. The control quality is advised on 
base of local criterion as well as integral quality criterion.  

 

II. CONTROLLED SYSTEM MODEL 
The permanent magnet synchronous motor (PMSM) 

with flexible coupling is chosen as analyzed mechatronics 
system. A special type of PMSM with the high torsion 
moment by the relatively low evolves – torque motor, 
was analyzed. 

If the inertia of the transmission mechanisms is small 
compared to the motor and load, the flexible coupling 
between the motor and load can be treated as a two-mass 
motor/load system, as shown in Fig. 1. [2, 5, 6] 

 
Fig. 1 PMSM with flexible join 
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TABLE I 
ANALYZED SYSTEM PARAMETERS 

Parameter Unit Description Value 
Ra Ω armature current 0.02 

La mH resistance and inductance of armature 
winding 100 

cΦ Nm/A torque constant 0.3 
JM kg/m2 inertia of the motor rotor 10 
JL kg/m2 inertia of the load 60 

b12 Nms damping of the transmission 0.1 
d12 Nm spring constant of the transmission 4 
kTM - converter gain 1 
TTM - converter time constant 2 
 
The control system design was based on idealized 

condition where the infinitely rigid connection was 
considered instead of flexible connection between 
actuator and a load. This condition is described as 

LM JJJ +=  (1) 
Oversimplified model of system as transfer function of 

this adjusted mechatronics system has a form 
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A spurious effects caused by resonant frequency and 
antiresonant frequency occurrence in the flexible 
connection were eliminated by double notch filter [7, 9] 
in form 
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III. CONTROL SYSTEM DESIGN AND CONTROL SYSTEM 
MODEL 

For control system design was applied different 
methods. [1, 3, 4, 8] Classical feedback control has been 
designed by 

--Naslin method 
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--Modulus Optimum Method 
--Method of Inverse Dynamics 
Next, the combination of classical feedback control 

and one of intelligent control methods has been applied 
--Fuzzy controller 
An advanced control method in form of cascade 

control with utilization 
--2x Modulus Optimum Method 
--Modulus Optimum Method and Symmetric Optimum 
Criterion 
was also used. 

A. Feedback control of angular velocity 
The simulation was performed by simulation model 

(Fig. 2) [10] consists of 
--controlled system – actuator electrical part (Fig. 3) 
and flexible join of actuator with load (Fig. 4) 
--controller GR(s) 
--double notch filter 

 
Fig. 2 Simulation model of angular velocity feedback control 

 
Fig. 3 Analyzed system simulation model of electrical part 

 
Fig. 4 Analyzed system simulation model of flexible join 

PI controller – Naslin method 
For controller of PI type in form 

s
r
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is the closed control loop in form 

10
23

10

r3.0s)r3.009.0(s4.1s7
r3.0sr3.0)s(Gc

−

−

++++

+
=  (9) 

According this, for and maximum overshooting 
5% following a Naslin method are valid inequalities 
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For PI controller coefficients calculation is used a 

boundary state – equality and the resulting values are 
TABLE II 

PI (NASLIN) CONTROLLER PARAMETERS 
Parameter Value 

r0 0.1667 
r–1 0.0233 

 
PID controller – Modulus Optimum Method 
For controller of PID type in form 
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has an opened control loop form 

s09.0s4.1s7
r3.0sr3.0sr3.0

)s(Go
23

10
2

1

++

++
= −

 (13) 
Following an assumption that ideal closed control system 
transfer function has a value approaching to one, the 
equation involving real part of open control loop 
frequency response has form 
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The coefficients of PID controller are solved based on 
equations system in matrix form solution 
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The coefficients of PID controller designed by 
Modulus Optimum Method are 

TABLE III 
PID (MOM) CONTROLLER PARAMETERS 

Parameter Value 
r0 0.1602 
r–1 0.0199 
r1 –0.0323 

 
PID controller – Method of Inverse Dynamics 

For possibility to calculate controller coefficients by 
Method of Inverse Dynamics was transfer function of an 
actuator rigidly connected with a load modified to the 
form  
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The coefficients of PID controller in form 
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are for defined time constant Tw=0.1 calculated 
according to equations 
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The coefficients of PID controller designed by Method 
of Inverse Dynamics are 
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TABLE IV 
PID (MID) CONTROLLER PARAMETERS 

Parameter Value 
P 46.6713 
Ti 15.5556 
Td 5 

 
Fuzzy control 

The fuzzy controller was designed by experimental 
variation of ke, kde and kdu coefficients based on ITAE 
quality criteria tracking and evaluation. The simulation 
model of fuzzy controller, which was used in this 
simulation experiment, is shown in Fig. 5. 

 
Fig. 5 Simulation model of fuzzy controller 

The resultant values of fuzzy controller are 
TABLE V 

PD (FUZZY) CONTROLLER PARAMETERS 
Parameter Value 

ke 0.0016 
kde 0.0165 
kdu 787.8 

B. Cascade control 
The most frequently used control structure in the 
controlled drives is the cascade control. In the case of 
speed control of PMSM are using two loops namely 

--current (eventually torque) loop 
--speed loop 

 
Fig. 6 Simulation model of PMSM cascade control 

Current controller 
The tuning method based on the Modulus Optimum 

optimization criterion was used for current controller 
design. 

According to this criterion was specified PI controller 
in form 

sTi
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aTMaaPI
TM

PI
PI R/kk;R/LTi;

kT2
Ti

k ===  (21) 

The coefficients of cascade control subordinate PI 
current controller designed by Modulus Optimum 
Method are 

TABLE VI 
PI (MOM) CURRENT CONTROLLER PARAMETERS 

Parameter Value 
kPI 0.025 
TiPI 5 

 
Speed controller I 

The tuning method based on the Symmetric Optimum 
Criterion was used for first version of speed controller 
design.  

According to the Symmetric Optimum Criterion was 
specified PID controller in form: 
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s

Ti
kR PID

PID
PIDPID ++=  (22) 

with coefficients defined as 
( )

TM

2

PID

2
TM

PID2
TM

TM
PID

Tc2
JTd

;
Tc8
JTi;

Tc8
JT4Jk

φ
=

φ
=

φ

+
=

 (23) 

The coefficients of cascade control master PID angular 
velocity controller designed by Symmetric Optimum 
Criterion are 

TABLE VII 
PID (SOC) CURRENT CONTROLLER PARAMETERS 

Parameter Value 
kPID 568.75 
TiPID 7.2917 
TdPID 4083.3 

 
Speed controller II 

The tuning method based on the Modulus Optimum 
criterion was used for second version of speed controller 
design.  

According to the Modulus Optimum criterion was 
specified PD controller in form: 

( )sTd1kR PIPIPD +=  (24) 
with coefficients defined as 

TMPI
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T

J
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The coefficients of cascade control master PD angular 
velocity controller designed by Modulus Optimum 
Method are 

TABLE VIII 
PD (MOM) CURRENT CONTROLLER PARAMETERS 

Parameter Value 
kPD 58.3333 

TdPD 4 

IV. GRAPHICAL USER INTERFACE FOR QUALITY 
ANALYSIS 

For operation rejuvenation by the evaluation of 
analyzed system quality control the graphical user 
interface (GUI) was created (Fig. 7). [11] Designed 
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application utilizes simulation and analysis of created 
simulation models to view various qualitative indicators. 
It also allows analyzing influence of elimination element 
– double notch filter application on control process 
quality increase. 

 
Fig. 7 GUI for PMSM Control Quality Analysis 

V. ANALYSIS RESULTS 
The plots of angular velocity of particular simulation 

experiments are displayed extra for enabled (Fig. 8) and 
extra for disabled (Fig. 9) parasitic frequency filtration. 

 
Fig. 8 Angular velocity with filtration 

 
Fig. 9 Angular velocity without filtration 

The quality of control process has been evaluated 
based on local criteria of quality 

--Settling Time 
--OverShoot 
--OverShoot Time 
as well as based on integral criteria of quality for 

control error space, acquired through the simulation  
subsystem [10] shown in Fig. 10. 

--Integral Square Error (ISE) 
--Integral Time Square Error (ITSE) 
--Integral Absolute Error (IAE) 
--Integral Time Absolute Error (ITAE) 

 
Fig. 10 Simulation subsystem for integral criteria measurement 

The results of experiments, consisting of evaluating of 
different quality markers for different methods of flexible 
mechatronics system control design are shown in TABLE 
IX 

TABLE IX 
SIMULATION RESULTS 

 
Reached results were represented in graphical form 

(Fig. 11, Fig. 12, Fig. 13 and Fig. 14) because of analyses 
requirement. Graphical representation does not contain 
absolute numerical expression of results, but because of 
comparability they were transformed to percentage 
representation of specific part relative to entirety. 

 
Fig. 11 Simulation results – Integral criteria of quality with filtration 
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Fig. 12 Simulation results – Integral criteria of quality without filtration 

 
Fig. 13 Simulation results – Local criteria of quality with filtration 

 
Fig. 14 Simulation results – Local criteria of quality without filtration 

VI. CONCLUSION 
The set of experiments, consist of simulation of 

flexible mechatronics system with control system 
designed by different methods, has been performed. The 
quality of control process was evaluated based on 
different markers. According to achieved results is 
possible to state, that: 

--for control design necessity is possible to use a 
substitution of infinitely rigid join instead of flexible join 
in the concurrency with utilization of filter for flexible 
system antiresonant and resonant frequency; 

--classical principles of control design (Naslin, MOM) 

are of advantage in term of local criterion especially by 
using them without filtering of parasitic elements, but 
according to quality integral criterion is their application 
markedly inept; 

--according to integral criteria, as an optimal method 
for control design wears the cascade control with PI 
current controller and PID angular velocity controller, 
which is however at least advantageous in the term of 
maximal overshooting value; 

--usage of advanced control methods, represented by 
fuzzy control in this case considering dynamics and 
system structure wears as disadvantageous; 

--after evaluation of combination of all indicators is 
possible to assert, that the one of optimal methods of 
flexible mechatronics system control design is possible to 
consider the classical design method - method of inverse 
dynamics and advanced method - cascade control 
contains combination of PI current controller and PD 
angular velocity controller. These two methods show 
signs of robustness furthermore, in terms of unacceptable 
frequencies elimination without using of supplementary 
filter too. 
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