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Abstract—This paper introduces a comprehensive Energy 

Management Strategy (EMS) control for a Remote Area 

Power Supply (RAPS) system, that includes a wind 

generation subsystem, a battery bank, and a variable local 

load. The primary objectives of the EMS control are to meet 

the load power demand, adapt to wind fluctuations, and 

extend the battery bank’s lifespan. To achieve these 

objectives, the EMS controller determines the operation 

modes of the wind generation and battery bank. The study 

includes a detailed design of a Sliding Mode Controller 

(SMC) for the boost converter associated with wind power 

generation. This study offers valuable insights into 

controlling standalone wind-dominated systems in remote 

areas, offering solutions to enhance stability by reducing 

voltage ripple and improving performance through 

optimizing settling time. Simulations confirm the 

effectiveness of the proposed technique in managing load 

and wind variations, outperforming conventional PI 

controllers. 

Index Terms—remote area power supply, sliding mode 

control, Maximum Power Point Tracking (MPPT), energy 

management system, boost converter 

I. INTRODUCTION 

In recent years, there has been a growing focus on use 

of renewable energy sources for generating electricity. 

This is because they bring various benefits to the 

environment, society, and the economy [1, 2]. Among 

these sources, wind energy is the fastest-growing one [3]. 

Additionally, the incorporation of wind energy into the 

power grid has significantly increased over the past 

decade [4]. With the existing of various architectures, the 

wind conversion based on Permanent Magnet 

Synchronous Generator (PMSG) comes with several 

advantages compared to other solutions [5]. These 

benefits include a simple design, high power density, 

excellent efficiency by eliminating gearbox losses, low 

maintenance needs, and high reliability [6, 7].  

The Wind Energy Conversion Systems (WECS) based 

on PMSG comes as a solution for local power generators 

to supply isolated or remote regions where access to the 

electrical grid is not feasible [8–10]. Moreover, the 

stability of the stand-alone power supply is significantly 

impacted by the behaviors of wind speed, which is 

strongly influenced by atmospheric conditions. 

Consequently, it becomes crucial to explore the 

integration of a wind power-based energy system with 

energy storage, as their profiles are complementary [11, 

12]. This integration can be considered for constructing a 

Remote Area Power Supply (RAPS) [13].  

Several studies have focused on investigating the 

control of the RAPS in order to ensure a stable and cost-

effective operation in different scenarios. In [14], a Buck-

converter is employed as the battery charger for a 

standalone power system, with the wind turbine operating 

in Maximum Power Point Tracking (MPPT) mode. In 

response to challenges posed by unpredictable weather 

conditions and load fluctuations, the authors of [15] 

introduced a novel algorithm aimed to optimize the 

power extraction by regulating the DC link voltage. In 

[16, 17], the authors present a control strategy designed to 

ensure an effective power balance between the battery 

source and load demand. In [18], the authors make a 

valuable contribution to the feasibility of a wind energy 

installation paired with battery bank. To attain an 

efficient operation of MPPT algorithm and minimize 

stress on the battery, a power flow management controller 

is integrated with a two-level MPPT controller to 

optimize performance in the wind power system. In 

contrast to the aforementioned studies, Watil et al. [5] 

introduce a multi-mode approach to the operation of the 

RAPS, based on the accessible wind power, load 

demands, and State Of Charge (SOC) of the battery. The 

suggested configuration involves a DC-DC Zeta 

converter as the only controlled converter to simplify the 

overall control system.  

In the RAPS configuration, the inclusion of a battery, 

along with its charge controller, is essential for energy 

storage [19, 20]. Nevertheless, the variation on climatic 

conditions and load demand can lead to inconsistent 

power flow from wind turbine to other components, 

potentially leading to degradation of the battery 

subsystem or unbalanced load supply. To address these 

challenges, the implementation of Energy Management 

Strategy (EMS) is imperative [21–23]. This strategy 

serves to set and regulate the operating parameters of 

both the wind power and storage subsystems, ensuring 

the coordination and monitoring of energy flow to 

achieve equilibrium in supply and load demand while 

extending the battery’s lifetime [24]. Table I gives a 

comparison between energy management strategies for 

several existed configuration of others works. 
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TABLE I: COMPARISON OF RECENT PROPOSED EMS 

Ref. RES RAPS type ESS Objectives Straights Limitations 

[5] 
•WECS 

based on 
PMSG 

DC 
•Li-ion 

battery 

•Instantaneous balance of 
wind turbine power flow to 

DC load and battery. 

-Different control 
strategies for 

charge/discharge of bat-tery 
SOC can attain 100%. 

-Use only the 
WECS 

-Limited flexibility 
of RAPS. 

[25] 

•WECS 
based on 
PMSG 
•PV array 

DC 
or AC 

•Battery 
bank 

•Power balancing during 
operation. 

•Improving battery life 
cycle. 

-Multi-modes operation 
-Existence of PV 

only not considered. 

[26] 

•WECS 
based on 
PMSG 
•PV array 

DC 
•Battery 
bank 

•Min. cost of operation 
•Improving the life cycle of 

battery bank. 
•Balancing control of power 

flow. 

-Multiple’s modes to deal 
with all scenarios. 

-In mode 5, the 
load current can 
exceed the max. 
battery current. 

[27] •PV array DC 

•Battery 
bank 

•Superca
pa-citors 

•Efficient dynamic power 
sharing. 

•Ensure operation ESS in 
safety margins. 

-Fast regulation of DC 
bus 

-Power sharing via Fuzzy 
logic approach. 

-Use only the PV 
pow-er supply. 

-Limited 
flexibility. 

 
This article introduces a novel strategy for optimizing 

energy distribution among the system components. Based 
on the accessible wind power, SOC of the battery bank, 
and load demand, achieving maximum power from the 
wind turbine may not always be the desired objective. In 
this context, wind turbine operation is divided into two 
distinct modes: Power regulation mode and maximum 
power (MPPT) mode. To facilitate this, an enhanced 
design of a Sliding Mode Controller (SMC) based on a 
hysteresis comparator is implemented. As for the battery 
subsystem, three different charging modes are adopted: 
maximum current mode, partial current mode, and 
constant voltage mode. The proposed EMS algorithm 
ensures smooth transitions between these various 
operating modes. It is essential to point out that this 
article primarily focuses on the power control of the wind 
turbine under diverse scenarios, while the battery charge 
control algorithm is not within its scope. 

The subsequent sections of the paper are structured as 
follows. Second section presents the mathematical model 
of the controlled segment. Section III outlines the 
procedure for implementing the proposed design of the 
sliding mode controller based on a hysteresis comparator. 
Section IV is devoted to the development of the proposed 
energy management strategy. Section V provides 
numerical simulation results and a detailed discussion. 
Finally, in Section VI, the paper concludes with 
conclusions and future prospects. 

II. SYSTEM MODELING 

The considered RAPS system is shown in Fig. 1, 
comprises a wind power system based on PMSG 
connected to the DC bus through a three-phase rectifier 
and a Boost converter. On the opposite side of the DC 
bus, a battery bank linked through a bidirectional 
converter, and an AC load connected to an inverter. 

 
Fig. 1. Structure of RAPS based on wind power-PMSG with energy 

storage. 

A. Wind Power Subsystem 

The power extracted by wind turbine Pt can be 

expressed by the following equation:  

31

2
t pP AC v                                 (1) 

where ρ is the air density, A is the swept area by the 

blades of the turbine, R is the blade radius, v is the wind 

speed, and Cp is the power coefficient. The latter 

parameter depends mainly on the tip-speed ratio λ and the 

blade pitch angle β. 

For the tip speed ratio is given by 

mR

v



                                  (2) 

In optimal conditions, the power extracted by the wind 
turbine can be maximized for optimal value of the power 
coefficient Cp-max. Therefore, the optimal power of the 
wind turbine can be given as a nonlinear expression of 
the mechanical speed Ωm: 

3

opt optt mP K                                 (3) 

where  
3

opt max opt

1

2
pK AC R  . 

The dynamic model of the PMSG is given by the 

following equations: 
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                (4) 

where vsdq and isdq are the dq components of stator voltage 

and current, respectively. Rs and Ls denote the stator 

resistance and inductance, respectively, and φpm is the 

permanent magnet flux. we refers the angular frequency, 

which is linked to the mechanical speed through the 

number of pole pairs np by the following expression: 

e p mw n                              (5) 
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III. CONTROL ALGORITHMS AND ENERGY MANAGEMENT 

STRATEGY 

A. Overview of EMS and Policy 

Essentially, the operational modes are selected in 
accordance with the energy equilibrium established 
between the WT and the total energy demand, which 
includes both the load demand and the requisite power for 
recharging the battery [30]. 

In the design of the EMS control unit, the battery is in 
a charging mode by default. This decision stems from the 
battery’s sizing, allowing it to sustain autonomy for 
multiple days, depending on wind conditions and load 
power demand. Importantly. This design choice does not 
limit the proposed control framework. If necessary, the 
outcomes detailed below can be easily expanded by 
incorporating a solar power subsystem as an additional 
and complementary energy source. 

The control objectives are dynamically adjusted at the 
base of the maximum available wind power, SOC of the 
battery, and load power demand (Pload). Based on the 
values of the parameters mentioned previously, three 
principal control objectives are highlighted: 

 Promoting the supply of load demand with power 
generated by a wind turbine. 

 Ensuring system stability through DC bus voltage 
regulation. 

 Enhancing the performance and extending the 
lifespan of the battery. The total power demand 
by the load and the battery can be defined by the 
following equation:  

 totaldemand bus ref loadbP iV i                         (10) 

where ibref the battery reference current describes its 
charge state. To ensure one of the control objectives, the 
SOC is kept within specific limits SOCmin ≤ SOC ≤ 
SOCmax [31]. Therefore, a management strategy is 
essential to address various scenarios that may arise due 
to fluctuations in wind speed, load demand, or changes in 
SOC of the battery. 

The optimal power is calculated by 

opt MPP lossesP PP                                 (11) 

Plosses is the losses through the PMSG, it is expressed 
by the following equation: 

 2 2

losses sd sq

3

2
sRP ii                             (12) 

To attain the specified control objectives, an Energy 
Management System (EMS) is formulated, relying on 
four distinct modes of operation. The flow chart 
illustrating the adopted EMS is presented in Fig. 2.  

 
Fig. 2. Flowchart of the proposed EMS. 
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where Tm is the mechanical torque provided by the WT, 

while J and f denote the inertia and viscous damping of 

the rotating components, respectively. The

electromagnetic torque, Te, generated by the PMSG can 

be given as follows [28]:

2

pm

pm

1
2

3 p s s

e

e s e

T
n V V

w L w

 

  
 
 




                   (6)

From Eq. (6), it can be deduced that there is a 

minimum mechanical speed, cut-in, at which the PMSG 
is unable to produce energy. This holds true for any given 

value of the stator voltage, Vs. Consequently, cut-in can 
be determined from Eq. (5) and Eq. (6) as follows:

cut-in

pm

s

p

V

n
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
                                (7)

B. DC Boost Converter Model

The state model of DC-boost converter can be obtained 
from the instantaneous values by [29]:
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                     (8)

where Vin and Vbus represent the terminal voltage of the 
rectifier and the DC bus voltage, respectively. Iw and Iin

denote the current provided by WT subsystem to the DC 
bus and the input current Boost converter. The command 
signal of the DC converter is represented by u={0,1}. 
Additionally, L and Cb are the inductance and output 
capacitor of the converter. For iCin and iL are the current 
components through the input capacitor (Cin) and 
inductance, respectively.

The average values of input and output voltages for DC 

boost converter related by: bus in / (1 )V DV   , where D is 

the duty cycle. The output power of the PMSG (Vs, isdq) 
can be related to the injected power on the DC bus (Vbus, 
Iw) by the following equations:

 

 

bus

2 2

sd sq

3

2

1
3

1
3

s

w

V

i

D V

I iD










 









                    (9)

From Eq. (9), the injected current indirectly depends 
on the duty cycle D.



The defined operation modes are elucidated as follows: 

Mode 1: The Wind Turbine (WT) operates in power 

regulation mode; the operating point is different from the 

Maximum Power Point (MPP). The power generated is 

regulated to a reference value defined by Pw ref.  

Meanwhile, the battery operates in charging mode, 

specifically in constant current control mode. To prevent 

potential damage, the charging current must follow a 

constant reference corresponding to the maximum battery 

current. 

ref max 0b bii                            (13) 

 ref totaldemand bus ref loadw bPP i iV           (14) 

Mode 2: WT is unable to supply the load demand and 

charge the battery with is maximum admissible current. 

Then, WT extracts the maximum available power from 

wind (MPPT mode); Battery is in partial charging mode 

(constant current regulation). 

opt loadPP                               (15) 

ref load maxb w bI i ii                        (16) 

Mode 3: The load demand exceeds the maximum 

available power from the wind. Consequently, WT 

operates in Maximum Power Point Tracking (MPPT) 

mode, while the Battery is in partial discharging mode. 

The residual power, the difference between the power 

extracted by the wind power subsystem and the load 

power (PoptPload), is provided by the battery without 

excessive discharge. In this scenario, the DC bus voltage 

is regulated to stabilize the power flow. 

opt loadPP                                  (17) 

Mode 4: WT is in power regulation mode; it supplies 

the load power; Battery is considered in full charge 

(SOC=SOCmax), (battery voltage regulation), the battery 

charging current is neglected. 

B. Boost Controller Design 

Various control strategies are employed to regulate the 

boost voltage, aligning it with the reference from the 

MPPT algorithm [32]. These strategies try to mitigate 

disturbances from both the load and changes in wind 

speed. The Proportional-Integral (PI) controller is 

formulated using a linear model of the WT subsystem, 

typically centered around a specific operating point such 

consistent performance across the entire operational 

range, it is essential to design controllers that are robust 

and not exclusively reliant on linearized models. 

This paper presents an approach based on the 

methodology discussed in [34], which employs sliding-

mode techniques to control the PV voltage and reject 

disturbances caused by the load imbalance and 

fluctuations in solar irradiance. Expanding on the 

referenced work, the formulation of a control law is 

undertaken to ensure system stability, achieve the desired 

settling time, and eliminate overshoot should integrate the 

boost voltage error (Vin
*

inV ) and the voltage derivative 

 

 * in
1 in in 2

dV
z K V V K

dt
                    (18) 

The primary advantage of employing such a sliding 

surface is in the regulating the boost voltage without the 

need for supplementary controllers relying on linearized 

models. This paper provides a novel analysis and design 

approach for the control system, ensuring the stability and 

precision during in tracking the reference voltage.  

The controller structure is illustrated in Fig. 3. The 

voltage reference *

inV  is supplied by a power controller, 

with the power reference selected by the EMS based on 

the operation mode. The dynamic model of the boost 

 

 
Fig. 3. Global control scheme diagram of WT subsystem. 

The building of a stable sliding mode controller 

necessitates three conditions: transversality, equivalent 

control, and convergence [35]. By applying the previous 

mentioned conditions, an approach is developed to design 

a control structure for the Boost converter with respect to 

the desired performance. 

These conditions are employed to formulate a design 

approach for the control system, ensuring the desired 

performance criteria for the WT-boost voltage. 

C. Transversality Condition 

This condition aims to rely the dynamic evolution of 

sliding surface z to the control signal command u of the 

Boost converter [36], the established relation can be 

expressed as: 

 
0

d dz dt

du
                                (19) 
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as the Maximum Power Point (MPP) [33]. To maintain 

into the sliding surface z, as expressed in Eq. (18).

converter is expressed by Eq. (8).

To validate the condition stated in Eq. (19), the derivative 



 

 

 

 

 

  

  

 

  

 

 

 

 

 

 

  
 

 

  

 

 

 

 

 

  

 

 
 

  

 

2 in/ 2 / 2CK iH H   [34]. During operation, the input 

capacitor current iCin oscillates between the lower and 
upper boundaries of the steady-state current, representing 
the current ripple ∆iCin. Consequently, the magnitude of 
K2 can be determined by the following expression: 

2

inC

H
K

i
                            (26) 

 

significant ripple in Vin. 

Determination of K1: With K2 determined, K1 is 

established by employing the Metaheuristic Particle 

Swarm Optimization Algorithm (MPSOA), while 

considering the constraints outlined in the previous 

conditions. 

The MPSOA is commonly employed for optimization 

problems across diverse engineering domains, recognized 

for its efficiency and computational speed in exploring 

global optimal solutions. This algorithm is formulated 

based on the collective behavior observed in a swarm of 

Np particles, each representing a candidate solution [37]. 

The MPSOA holds a notable advantage as it can be 

employed for nonlinear, non-differentiable problems. In a 

nonlinear and uncertain context, the goal of this study is 

to determine the optimal value of K1 to achieve optimal 

reference tracking. 

The fitness function chosen in this context is the 

integral absolute value of the error (IAE) of the input 

Boost converter voltage. The fitness function is expressed 

in the following equation: 

*

in inIAE | |V V dt                      (27) 

The various steps employed in the MPSOA-based 

tuning of the proposed SMC are depicted in Fig. 4. 

 

Fig. 4: Flow chart of K1 determination based on MPSOA. 
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with respect to time of the sliding surface is expressed as:

*

in in in
1 2

LdV dV dI didz
K K

dt dt dt dt dt

   
      

  
        (20)

By replacing Eq. (8) in Eq. (20), the initial condition 

becomes:

  
*

in in in 2
1 2 in bus 1

dV dV dI Kdz
K K V V u

dt dt dt dt L

 
      

 

  (21)

The analysis of the transversality condition involves 

taking the derivative of Eq. (21) with respect to u, 

resulting in Eq. (22). Since L and Vbus are strictly positive, 

the condition of transversality is satisfied when K2 ≠ 0.

 
2 0

d dz dt K

du L
                      (22)

D. Convergence Condition

In this scenario, the system’s capability to achieve the 

desired state (z=0) is assessed. A hysteresis comparator is 

employed to generate the control command u for the DC 

boost converter. In this application, the sliding surface z

is bounded within the limits of H/2 and H/2, where H is 

the hysteresis bound. In this case, the control command u

is generated based on the following conditions.

2 1

2 0

z H u

z H u

   

  





                  (23)

In this investigation, the limitations on u outlined in Eq.
(23) are dictated by the positive fulfillment of the initial 
condition presented in Eq. (19). This is established for a 
negative value of K2.

E. Equivalent Control Condition

The equivalent control condition is validated when z=0, 
and this condition is achieved for an equivalent value of 
the control command ueq. In a DC converter, the average 
value of the control signal is the duty cycle. Applying this 
condition leads to Eq. (24):

 *in 1

in in in in

2

0 C

dV K
C V V

d
z i

t K
               (24)

By applying the Laplace transform for the previous 
equation, it leads to:

 
in

*

in 2 1in ( )

( ) 1

1

V s

C Ks K sV



                (25)

Eq. (25) illustrates the equivalent transfer condition 
between the boost terminal voltage and its reference. By 
selecting the equivalent pole, the stability condition 
conduct to K2/K1>0. Consequently, K1 shares the same 
sign as K2, which is negative as deduced in the 
convergence condition.

Determination of K2: In steady state, the SMC ensures 

that Vin equals 
*

inV . According to Eq. (18) and Eq. (23),

the hysteresis band of the sliding surface transforms into

In practical constraints, ∆iCin is selected to guarantee 

Continuous Conduction Mode (CCM), thereby avoiding a 



Design methodology: The voltage controller design 

relies on specifying the inductor current ripples ΔiL. 

Given that the inductor L and the input capacitor Cin 

constitute a second-order LC filter [38], with taking into 

account the small-ripple of the input voltage, the 

magnitudes of the current ripples are identical for both 

the inductor (ΔiL) and the capacitor (ΔiCin), i.e. ΔiCin=ΔiL. 

Therefore, K2 is determined from (26) according to the 

specified hysteresis band (H) and ΔiCin value. Meanwhile, 

K1 is determined directly through MPSOA. 

IV. SIMULATION RESULTS AND DISCUSSION 

The discussed control structure associated to the EMS 

for the considered RAPS system have been tested through 

detailed modeling in the MATLAB/Simulink platform. 

These simulations use a high-precision model that 

incorporates the entire system dynamics, which increases 

their consistency with real-world scenarios. To closely 

replicate the actual system, a small sample time (Ts=10µs) 

is adopted in the simulations, enabling the capture of real-

time behavior in the components. The system under 

consideration is configured using the numerical 

parameter values specified in Table 22 and Table 33. 

TABLE II: RAPS BASED ON WT SUBSYSTEM CHARACTERISTICS 

 Parameter Value 

Turbine 

Nominal power 3.3 kW 

Blade Radius 1.43 m 

Nominal wind speed 12 m/s 

PMSG 

Stator resistance 0.24 Ω 

Stator inductance 0.395 mH 

Number of pole pairs 4 

Nominal speed 314 rad/s 

PM Rotor flux 0.1194 

Total inertia 0.0027 kg.m² 

Total viscous damping 0.00049 N.m.s 

Boost converter 

Inductor 2.7 mH 

Input capacitor 150 µF 

Output capacitor 660 µF 

Battery 

Nominal capacity 100 Ah 

Boundaries of SOC 20% and 80% 

Internal resistance 0.0048 Ω 

Max. discharge current 20 A 

TABLE III: THE PARAMETERS OF CONTROLLERS. 

Controller parameter  Value 

Tuned PI controller  kp=0.4; ki=35 

SMC controller 
Gains K1=5.709; K2=2.3 

Hysteresis boundary H=1.667 

MPSOA 
Swarm size 30 

Max. Iteration 5 

 

To highlight the performance of the suggested control 

strategies, two scenarios involving variations in wind 

speed and the operation mode of the WT subsystem were 

simulated. 

In the initial simulation scenario, the wind speed is set 

at 12 m/s, and the WT operates at the Maximum Power 

Point (MPP). The responses of the input voltage of the 

boost converter, controlled by both the PI (with the gains 

Kp and Ki are defined in Table II) controller and proposed 

SMC, are depicted in Fig. 5. 

 

Fig. 5. Input voltage of Boost converter responses. 

It can be seen that all controllers successfully track 

their reference power with the same settling time (t = 

0.75s) and a steady-state voltage of 236.4 V. This voltage 

is generated by the Perturb and Observe (PO) algorithm 

(depicted in the green signal) for the PI voltage controller, 

and by a tuned PI controller (shown in the yellow signal) 

for the proposed control structure. For the voltage ripples, 

the real response reveals that the proposed Sliding Mode 

Controller (SMC) (indicated by the brown signal) 

surpasses the PI controller (represented by the blue 

signal), presenting ΔVin = 5.8V compared to ΔVin = 14.6V. 

It is important to note that the relatively high settling time 

is attributed to the input capacitor Cin of the boost 

converter. 

In the second scenario, the characteristics of the 

proposed control structure and Energy Management 

Strategy (EMS) are evaluated based on the actual 

behaviors of wind speed and load power demand, 

incorporating time-intervals of both sufficient and 

insufficient power generation. Fig. 6 illustrates the wind 

speed (v[m/s]) fluctuating between 5.84–12 m/s, with a 

mean of 9.1 m/s. In Fig. 7, the AC load power demand 

connected to the DC bus through inverter is depicted. The 

changes in its value denote load connections or 

disconnections. 

 

Fig. 6. Wind speed signal v[m/s]. 

 
Fig. 7. Load power demand Pload [W]. 

In Fig. 8, the temporal dynamics of powers for various 

components of the examined RAPS are illustrated. This 

International Journal of Electrical and Electronic Engineering & Telecommunications Vol. 13, No. 4, 2024

282



includes the power generation of WT, the power demand, 

and the supplied power to the load from the battery. The 

figure demonstrates that the generated power precisely 

matches the total power demand, with the exception of 

periods of insufficient generation (Pw<Pload). Within 

these intervals, the battery defers its recharging cycle and 

supplements power generation by giving its stored energy. 

By analyzing the real-time values of Pw, Pload, and SOC, 

the Energy Management System identifies the operational 

mode of the RAPS, as depicted in Fig. 9. Mode 4 is not 

included, since it requires SOC=SOCmax, which implies a 

long time period to reach this state for the battery during 

simulation phase.  

 
Fig. 8. Power curves, wind generation (red), total demand (dashed), 

and battery (blue). 

 
Fig. 9. Mode of operation of RAPS. 

 

Fig. 10. Actual WT generation power versus its optimal curve. 

Finally, the maximum and the real wind power are 

shown in Fig. 10. The wind turbine subsystem in modes 2 

and 3 tracks the optimal generation reference, as 

described in the flow chart of the EMS in Fig. 2. It is 

important to mention that at 34.28 st  , the WT 

subsystem tracks the optimal power Popt, and the battery 

is charged using partial current (constant current mode). 

From 45 st   to 105 st  , the WT remains in MPPT 

mode control, while the battery supplies the 

complementary power to satisfy the load demand. 

Between 105t s and 109.4t s , the load demand is 

decreased, leading the battery to switch from discharging 

to partial charging mode. Subsequently, as the wind 

speed increases, the WT’s generation power becomes 

sufficient to supply the load demand and charge the 

battery with the maximum admissible current. 

V. CONCLUSION 

The effectiveness of an electric generation system 

significantly depends on the presence of a customized 

EMS control capable of governing the various 

subsystems involved. The proposed EMS has proven high 

competence in managing and coordinating the operation 

of the components constituting the considered RAPS. It 

offers a flexible decision-making framework for 

determining the operational mode of each electrical 

subsystem. A salient feature of this system is the proposal 

of reliable and clear criteria based on measurable system 

variables (specifically, SOC, rotational speed, wind and 

load demand powers) for the EMS decision algorithms. 

An enhanced method for the design of input voltage 

controller of the Boost converter based on the sliding 

mode controller in a RAPS system based on PMSG has 

been introduced. The input voltage of the boost converter 

effectively tracks the reference set by the power 

controller, demonstrating a predetermined settling time 

and absence of overshoot, also, it exhibits a robustness 

against wind variations and load balance. The proposed 

controller with the selected sliding surface reduces the 

complexity comparing to other similar solutions that uses 

a cascaded loop. The exclusion of linearization process is 

a crucial aspect of the enhanced method, ensuring the use 

of the analytical expressions across the entire operational 

range, as long as the sliding regime is sustained. 

Finally, to expand on the work discussed in this paper, 

additional tasks can be explored, including: adding a PV 

subsystem, comparing the achieved results with other 

advanced control techniques such as integral-SMC, 

model predictive control, etc., and investigating the 

system stability in the presence of faults in its various 

components. An experimental validation of the presented 

findings will also be a focus of our future investigation. 
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