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Abstract—The main objective of this paper is focused on the

real time implementation in a MATLAB/SIMULINK environ-

ment of a closed-loop hybrid control strategy structure consist-

ing of a combination of Fuzzy Logic control approach and a

standard PID control strategy. This strategy is applied to con-

trol the speed of a 2 HP 1750 rpm permanent magnet DC mo-

tor used in a wide range of HVAC applications. The novelty of

the paper is the new modeling approach by using SIMULINK

SIMSCAPE library blocks, more practical due to its simplicity,

easier and faster to implement and, in particular, very easy to

practice for MATLAB users compared to a traditional model-

ling approach.  The DC motor can be powered by a unidirec-

tional DC voltage converter connected to a 10 kW-Microgrid

PV array or directly from a Li-Ion battery or a Supercapacitor,

both connected via two bidirectional DC boost-buck converters

to the same Microgrid. The Microgrid energy storage system is

suitable for renewable energy applications that are connected

to a local grid, thus releasing the overloaded national grid, sav-

ing a considerable amount of energy and drastically reducing

the energy costs.

I. INTRODUCTION

HIS research paper investigates an alternative model-

ling  control  system design  methodology  for  linear

and  nonlinear  systems  dynamics  by  using  the  MATLAB

SIMULINK SIMSCAPE library blocks to implement a stan-

dard Proportional Integral Derivative (PID) control strategy

based  on a fuzzy  logic  control  (FLC) approach.  The new

modelling  approach  is  very  attractive  for  simulations  and

implementations in real-time of several industrial control ap-

plications from different fields with strong interconnections

to a local and national grids energy storage and communica-

tions systems. The microgrid is “widely used in generation

systems, due to benefits of achieving high efficiency and in-

creasing demand”, as is stated in [1]. In fact, it is a small

grid that combines a renewable resource of energy such as

the  most  used  photovoltaics  (PV)  to  generate  electrical
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power and energy storage units that are located close to the

corresponding powered loads.

Preliminary results on the real time implementation of a

direct  current  (DC) servomotor  with  unknown uncertainty

using a sliding mode observer modelling technique and a hy-

brid  structure  of  an  aadaptive  neuro-fuzzy  modeling  ap-

proach (ANFIS) applied on nonlinear dynamic systems were

presented in [2] and [3]. An interesting application using a

hybrid control structure as a combination of an FLC and a

PID controller  (FLCPID)  that  is  connected  via  a  DC-DC

buck-boost converter to a solar power source via a battery

system is developed in [4]. This application provided us with

valuable  information  to  be  tailored  to  build  the  proposed

Fuzzy Logic PID control strategy for a variable speed per-

manent DC motor (PMDCM) fan used in variable air vol-

ume (VAV) of HVAC control system applications.  Fuzzy

logic control-based approach is applied to improve the effec-

tive operation of the DC motor. 

II.  THE PV ARRAY DC MICROGRID BRIEF DESCRIPTION 

The SIMULINK model of the integrated DC Microgrid

energy storage system in a solar PV power plant it is shown

in Fig.1.  

Fig.1 SIMULINK model of the integrated DC Microgrid energy storage

system in a solar PV power plant 
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The proposed DC Microgrid is connected to a 10-kW PV

array  through  an  unidirectional  DC-DC  boost  average

converter, capable of generating a regulated 300V DC Bus

that  supplies  unidirectional  and  bidirectional  DC-DC

converters that control the charging and discharging of two

storage  power  sources,  Li-ion  battery  and  Supercapacitor,

and also  a 2 HP 1750 rpm PMDCM - DC load.

III.  FUZZY LOGIC PID SPEED CONTROL DESIGN AND

MATLAB SIMULATIONS  

In this research paper the FLC is conceived as a multi-in-

put  single-output  (MISO)  subsystem with  two  inputs  and

one single output. The inputs of the fuzzy controller are two

measured variables whose values are collected by a set of

sensors integrated into a data acquisition system describing

the speed error (“e”) and the rate of change of the speed er-

ror (“ce”), ce =
e

t




, from PMDCM, the choice suggested in

[5]-[6].The both inputs are then "fuzzified" using member-

ship functions provided by an expert operator to determine

the degree of membership in each input class. The resulting

"fuzzy inputs" are evaluated using a linguistic rule base and

fuzzy logic operations (AND, OR, NOT) to yield an appro-

priate fuzzy output and an associated degree of membership

[7]-[8]. The "fuzzy output" of FLC is then “defuzzified” us-

ing a “centroid” gravity method to give a crisp output re-

sponse  to  control  the  input  signal  voltage  of  a  controlled

source voltage whose output provides the regulated voltage

to the PMDCM armature [8].

The fuzzy logic controller (FLC) SIMULINK model it is

shown in Fig. 2. 

Fig.2 The Fuzzy Logic controller SIMULINK model 

As it  is shown in Fig.2,  the inputs of the FLC, i.e. the

RPM PMDCM speed error  (E) and the rate of  its  change

(cE), are converted into fuzzy linguistic variables.  They are

divided into a finer fuzzy partition with seven terms as it is

suggested  in  [5]-[7],  namely  negative  big  (NB),  negative

medium  (NM),  negative  small  (NS),  zero  (ZO),  positive

small  (PS),  positive  medium (PM) and positive  big (PB).

The range of the both inputs is [-1750 1750], and for output

voltage is [-300 +300]. The universe of discourse of error,

rate of error and output is normalized to [-1, 1]. The Fuzzy

Logic  Designer  block  used  to  implement  the  SIMULINK

FLC model specified in Fig. 2 it is shown in Fig. 3, where

the membership functions for all two inputs and the output

are represented with triangle-shaped function that it is shown

in Fig. 4.

Fig.3 The Fuzzy Logic Designer block 

Fig.4 The membership function used for both inputs and the output of

Fuzzy Logic controller 

The  optimal  performance  of  the  FLC design  it  is  well

depictured in 3-dimensional space of both FLC inputs and its

output by a surface view shown in Fig. 5.  The MATLAB

simulation results of RPM FLC PMDCM speed control for a

step  response  are  shown  in  Fig.  6,  and  its  robustness  to

changes in tracking setpoint and load torque it is shown in

Fig.7. 

In Fig.6 it is revealed a great performance for FLC RPM

speed, a very short rising and settling time, and also  a very

good tracking accuracy. 

Fig.5 The surface view of the optimal performance of the Fuzzy Logic

controller
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Fig.6 The FLC performance of RPM control speed versus PMDCM

RPM tracking setpoint  

Fig.7 The FLC performance of RPM control speed versus the changes in

PMDCM RPM tracking setpoint 

In [9] it is suggested a combination of PID and FLC in a

new structure FLPID, as it is shown in Fig.8. 

Fig.8 The Fuzzy Logic PID controller SIMULINK model (see [9])

As it is suggested in [9] the scaling factors of Fuzzy Logic

PID that it is shown in Fig.8 are calculated based on PID

tuned optimal  values  of  control  parameters, , ,p i dk k k using

the advanced SIMULINK PID block option. Thus, the PID

are set up for the following optimal values of parameters:

2.047, 14.7, 0.0487, 0.1p i d sk k k T     that lead 

to the following values of the scaling factors [8]:

2
1750,  190.4049

 -0.0084, -2.5577e-04, K=1

*( ( 4* * )) / 2 /

/ /

p p i d i

i d

G GCE GE k sqrt k k k k

GCU k GE GU k GCE

E    

 



 
 

The  overall  performance  of   the  Fuzzy  Logic  PID

controller it is shown in Fig. 9. 

Fig.9 The Fuzzy Logic PID RPM control speed performance versus stan-

dard PID control

IV.  PMDCM SPEED CONTROL STRATEGIES PERFORMANCE

ANALYSIS 

A  comparison  of  MATLAB simulations  results  for  the

proposed PMDCM speed (RPM) control strategies, i.e.  PID,

FLC  and their  combination FLCPID, in  terms of  tracking

accuracy,  rise  and  settling  time  responses,  as  well  as

robustness to changes in tracking reference value and load

torque are shown in Fig.10.

Fig.10 The PID and FLC performance of speed (RPM) control versus the

changes in PMDCM RPM tracking setpoint

In the following figures Fig.11, Fig.12, and Fig. 13 there

are shown the PMDCM armature current, armature voltage

and the load torque profile  for the combined speed (RPM)

control Fuzzy Logic PID, more smooth compared to those

obtained  for  PID  and  FLC   separately.  Also,  a  rigurous

analysis of the performance in terms of tracking accuracy,

rise time and settling time responses, and the robustness to

changes in tracking setpoint and load torque indicates that

PID  and  FLC  control  strategies  perform  slightly  better

compared  to FLCPID, but  the last  one acts  much smooth

during the transient than first  two control  strategies,  more

useful for such of kind of applications.

V. CONCLUSION

In this research paper we developed a 10-kW Microgrid

of 300V DC bus connected to a PV array that supplies power

to a 2 HP 1750 rpm PMDCM, two storage power sources

such as a Li-Ion battery and a Supercapacitor. The PV array

is connected to DC Microgrid thru a DC-DC boost average
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converter controlled by an MPPT implemented by using the

simplest PandO technique. The PMDCM is connected as a

DC load thru a monodirectional DC-DC boost converter, and

the both storage power sources thru two bidirectional DC-

DC boost-buck converters.  The investigation it was focused

to develop for the proposed PMDCM a Fuzzy Logic speed

control approach, and also a hybrid combination of the both

control strategies, known as Fuzzy Logic PID controller.

The effectiveness of the proposed control strategies it was

proved by intensive MATLAB simulations conducted on a

MATLAB 2019a platform and SIMULINK. For future work

we will be focused to extend the implementation of FLC and

of the hybrid FLCPID control structure on a variable speed

airflow  fans  used  in  a  single  zone  or  multi-zone  VAV

HVAC applications. 
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Fig.11 PMDCM armature current 

Fig.12 PMDCM armature voltage 

Fig.13   PMDCM load torque  
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