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Abstract-This paper presents the development and the 
performance analysis of the developed model of a voltage-based 

coordinating controller. This model is developed to perform 

activities such as sensing, measuring, switching, coordinating, 

and effectively managing the output voltages produced by the 

solar-wind renewable energy sources in order to supply the 

connected load or/and charge the battery storage system. The 

developed model has different tasks to perform when solar-wind 
energy sources both produce output voltages simultaneously, also 

contributing to solving the requirements of different 

synchronization algorithms for a multi-agent renewable energy 

system. The sensed and measured output voltages of the solar-

wind energy sources are used as directive information to allow 

the developed model’s controller to supply the available power to 

the connected load or/and charge the battery storage system. 
Also, the produced information at the model’s controller input is 

used to individually control the other sub-system, which directly 

assists in achieving the aim of simultaneous operation when both 

solar and wind energy sources produce output voltages. The 

model is developed and simulated in Matlab/Simulink. The 

simulation results are used to validate the developed methodology 
and the aims of the developed model.  

Keywords-voltage-based; coordinating controller; renewable 

energy sources; Matlab/Simulink; solar-wind 

I. INTRODUCTION  

Irregularity of energy production and generation by 
Renewable Energy Sources (RESs) [1] makes it necessary for 
the microgrid system to integrate an energy storage system to 
stabilize the overall performance of the DC-based microgrid 
systems [2-5]. Reviewing the evolution of DC-based microgrid 

systems [6] and their complexity, Energy Management 
Systems (EMSs) [7-12] have been introduced. The EMS 
technology for microgrid-based systems is divided into two 
categories: (i) Centralized EMS (CEMS) [8] and (ii) 
Decentralized EMS (DEMS) [12]. A CEMS is also known as 
the AC-based system, a microgrid connected to a transmission 
grid while the DEMS is a DC-based system where the 
microgrid is a standalone system.  

Systems that have employed the EMSs into the Distributed 
Generation (DG) sources such as solar photovoltaic (PV) 
panels [13], wind turbine systems [14], hydropower systems 
[15], etc., into DC-based microgrid systems provide a reliable 
solution able to supply electrical power to rural communities 
where the national grid is not reachable [16]. Systems proposed 
in [8, 17, 18] deploy a centralized agent which transfers and 
shares information and electricity with the other agents' 
controllers. The other agents are RESs, the grid network, load 
consumption, and the battery storage system. The centralized 
agent acts as the master, and it is responsible for managing the 
data and sending the action to agents based on the real-time 
information. In [9], the decentralized multi agent was 
introduced. Each agent in the proposed system works by 
receiving information through sensors. The disadvantage of this 
method is that each agent has its own algorithm and needs to be 
synchronized with complicated coding. Authors in [19] 
suggested a voltage divider switching technique as the sensing 
and measuring of output voltages of RESs. The voltage divider 
switching configuration is proposed for self-intervention of a 
hybrid renewable energy system. 
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The disadvantage found in [9] and the advantage of having 
EMS DC-based microgrid systems for the rural communities 
encouraged the development of the VBCC (Voltage-Based 
Coordinating Controller) model for the DC-based solar-wind 
RES microgrid system. With the development of VBCC, a 
single mechanism was used instead of different algorithms for 
each agent. In terms of contribution, the developed VBCC can 
strategically contribute, control, and manage the connected 
sources via its multilevel voltage sensing and measurement 
mechanism. Besides that, the integration of multilevel voltage 
sensing reduces the impact on the system, when the voltage is 
low. The voltage is used to charge the battery energy storage 
and at the same time discharge the battery to the connected 
load. 

The proposed VBCC senses, measures, coordinates, 
controls, and effectively manages the output voltages from the 
distributed generators for the connected load and charge battery 
energy system.  

II. SYSTEM COMPONENTS 

The developed VBCC consists of: 

• Electronic Stateflow Condition Circuit (ESCC) 

• Electronic Logic "AND" Gate Circuit (ELGC) 

• Electronic Conditions Switching Circuit (ECSC) 

• DC Boost Converter (DC-BC) 

• Current Conversion Circuit (CCC) 

The VBCC is responsible for sensing, measuring, 
coordinating, switching, and effectively managing the 
generated energies from solar-wind RESs which generate 
output simultaneously while performing different roles when 
the VBCC is operating. Figure 1 shows the modeled block 
diagram of the integrated VBCC. Solar energy is produced 
from solar PV panels and wind energy is produced from a wind 
turbine generator as shown in Figure 1.  

 

 
Fig. 1.  The VBCC developed model. 

TABLE I.  SOLAR-WIND GROUPED CONDITIONS 

No. Grouped conditions 

1 0V≤Vsolar<10V and 0V≤ Vwind <10V 

2 0V≤ Vsolar <10V and 10V≥Vwind>12V 

3 0V≤ Vsolar <10V and 12V≥ Vwind ≥15V 

4 10V≥ Vsolar >12V and 0V≤ Vwind <10V 

5 10V≥ Vsolar >12V and 10V≥ Vwind >12V 

6 10V≥ Vsolar >12V and 12V≥ Vwind ≥15V 

7 12V≥ Vsolar ≥15V and 0V≤ Vwind <10V 

8 12V≥ Vsolar ≥15V and 10V≥ Vwind >12V 

9 12V≥ Vsolar ≥15V and 12V≥ Vwind ≥15V 

 

The solar and wind stateflow condition charts are 
categorized into 3 divisions which are: 

• 0 Volt ≤ VR < 10 Volt 

• 10 Volt ≤ VR < 12 Volt 

• 12 Volt ≤ VR ≤ 15 Volt 

where R is the solar or wind RESs shown in Figure 1. The 
ranges of output voltages for the solar – wind RESs are 
summarized in Table I. 
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III. WORKING PRINCIPLE OF THE COMPONENTS OF THE VBCC 

SYSTEM 

A. Electronic Stateflow Condition Circuit (ESCC) 

The ESCC senses the total output analogue voltage amount 
of the individual solar - wind RES based on the primary 
division voltage ranges shown in Figure 2. For example, if the 
solar source produces voltage 9V and the wind produces 9V, 
then solar10 and wind10 in Figure 2 will produce a logic 1. 
This logic 1 then will be sent into the electronic logic "AND" 
gate circuit. 

 

(a) 

 

(b) 

 

Fig. 2.  Solar – wind primary voltage division ranges. 

B. Electronic Logic "AND" Gate Circuit (ELGC) 

The ELGC is combinational of 9 AND gates and is shown 

in Figure 3. Each of the 9 AND gates takes an individual logic 
from each primary division range from the ESCC shown in 

Figure 2. The 2 inputs of the AND gate produce a single logic 

output which is used to switch ON any respective switching 
circuit in the electronic conditions switching circuits shown in 

Figure 1. When solar0 and wind0 are equal to logic 1, the 

S0W0 outputs a logic 1 too. The S10W10 logic 1 is sent to 

switch ON S10W10 of electronic conditions switching 
circuits. The other combinational AND gate circuits also have 

their decision-making roles based on the combinational input 

logics from the stateflow condition charts of solar – wind 

primary voltage division ranges. 

 

 
Fig. 3.  The 9 AND gate combinational circuit.  

C. Electronic Conditions Switching Circuit (ECSC) 

The ECSC of 9 conditional switching circuits is shown in 
Figure 4(a). Figure 4(b) shows the S10W10 condition 
switching circuit which is integrated as one conditional 
switching circuit in Figure 4(a). The S10W10 output logic 1 
mentioned in Section B is sent into S10W10 of the conditional 
switching circuit of electronic conditions switching circuit in 
Figure 4(a). The S10W10 logic 1 then turns ON the relays 
shown in Figure 4(b). When the relays are turned ON, the 
output from the switches is sent to the SPDT relays to turn ON 
the SPDT relays from Normally Open (NO) to Normally 
Closed (NC). When the SPDT relays are at NC, the solar and 
wind input voltages are connected to S10W10/S and 
S10W10/W as shown in Figure 1. The S10W10/S and 
S10W10/W will output voltages in the range of 10V to 12V to 
next respective system component.  

D. DC Boost Converter 

The Direct Current (DC) Boost Converter (BC) is shown in 
Figure 5. In an explained example, the S10W10/S and 
S10W10/W will output voltage of 10V to 12V. Then the output 
voltage of S10W10/W is connected to S10W10/W. The 10V to 
12V from S10W10/W is sent into the DC-BC Input as shown 
in Figure 6. The DC_BC Output will output an increased 
voltage compared to the input voltage at the DC_BC Input. The 
increased voltage output at the DC_BC Output is used to 
perform the battery energy system charging process as shown 
in Figure 5. 
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(a) 

 

(b) 

 

 

Fig. 4.  (a) 9 conditional switching circuits, (b) S10W10 condition 

switching circuit. 

The S10W10/S will output voltage between 10V and 12V 
which is sent into S10W10/S as shown in Figure 1. The input 
10V-12V at S10W10/S is sent into the S10W10/S input shown 
in Figure 7. From there, it is sent to the DC BC at both Voltage 
inputs as shown in Figure 8. But only one DC BC is activated 
which is the volt10 DC BC. Logic 1 of S10W10/S is sent into 
volt10 port to switch the SPDT relay from NO to NC and allow 
the 10V to 12V incoming voltage to be increased. 

 

 
Fig. 5.  DC – DC boost converters. 

 
Fig. 6.  The DC boost converter circuit. 

 
Fig. 7.  DC to AC voltage output. 

Solar_input_S10 

 

 

 

Wind_input_W10 
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Fig. 8.  DC boost converter and DC to AC inverter system. 

The increased output voltage from the DC BC is supplied 
into Converter volt10 which is a DC to AC inverter. The 
inverter will invert the DC input voltage to an AC voltage 
which is used to supply to any connected LOAD. 

IV. RESULTS AND DISCUSSION 

The proposed VBCC model was fully developed in 
Matlab/Simulink. Voltage sensing and measuring method was 
used to assist the controller in coordinating, switching, and 
effectively managing the respective tasks such as supplying the 
inverted DC voltage into AC for connected LOAD or boosting 
the DC voltage to perform charging on the battery energy 
system. At in the beginning of this paper, we used the condition 
S10W10 to depict the developed VBCC’s system 
methodology. Thus, the condition S10W10 will also be used to 
present the results of each stage of the developed VBCC to 
validate the developed system’s overall performance and to 
analyze the respective required generated signals. 

A. Solar – Wind Renewable Energy Sources 

Figure 9 shows the solar - wind RESs input voltages 
captured based on the preset value shown in Figure 1. Hence, 
the 11V voltage captured is an amount of the voltage that the 
connected solar – wind RESs are producing. These voltages are 
then sent into the ESCC as shown in Figure 1. In the ESCC, 
these voltages are captured by the individual solar and wind 
stateflow chart shown in Figure 10. Hence, when the solar and 
wind stateflow condition charts capture the output voltages of 
the solar – wind RESs, a logic 1 is produced by each stateflow 
condition chart. Referring to Figure 10, solar and wind 
stateflow condition charts give a logic 1 for 11V sensed and 
measured voltage. 

 

 
Fig. 9.  Solar – wind RESs input voltages. 

(a) 

 

(b) 

 

Fig. 10.  11V of solar – wind stateflow condition chart. 

Both logics are sent into the electronic logic "AND" gate 
circuit through the ports solar10 and wind10 as shown in 
Figure 1. Figure 11 shows the solar10 and wind10 logic output 
based on the sensed and measured output voltage shown in 
Figure 10. The solar10 and wind10 logic 1 is sent into the AND 
gate LO6 shown in Figure 3 for an output of logic 1. 

TABLE II.  AND GATES COMBINATIONAL OUTPUT – S10W10 

AND gates combinations Output 

S0W0 0 

S0W10 0 

S0W12 0 

S10W0 0 

S10W10 1 

S10W12 0 

S12W0 0 

S12W10 0 

S12W12 0 
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Based on Table II, the combinational output of the S10W10 
AND gates shown in Figure 3 is the logic 1. This S10W10 
logic 1 is sent to the S10W10 port of electronic condition 
switching circuit as shown in Figure 1. The S10W10 logic 1 
connects the port 7 S10W10 of the 9 Conditional Switching 
Circuits shown in Figure 4(a) to activate the S10W10 
Condition Switching Circuit shown in Figure 4(b). The 
S10W10 logic 1 will switch the relays from NO to NC to allow 
the SOLAR Input 11V and WIND Input 11V to flow into port 
1 (S10W10/S) and 2 (S10W10/W) as shown in Figure 4. 
Figure 12 shows the 11V voltage output captured at ports 
S10W10/S and S10W10/W as shown in Figure 4(a). 

 

(a) 

 

(b) 

 

Fig. 11.  Solar stateflow condition chart – (a) solar10 Logic Output and (b) 

wind10 Logic Output. 

Referring to Figure 1, the 11V voltage at S10W10/S is 
connected to the current conversion circuit, while the 11V 
voltage at S10W10/W is connected to the DC BC. Figure 13 
shows the input 11V voltage at S10W10/W – DC-BC Input and 
the approximately 16V voltage output at the DC_BC Output as 
shown in Figure 6. The 16V voltage output at the DC_BC 
Output is connected to the battery energy system as shown in 
Figure 5 to charge the batteries used as an energy storage 
system. Figure 14 shows the results captured when the 16V 
voltage output at the DC_BC Output is connected as input to 
the DC to AC Inverter. The 16V voltage is inverted into 240V 
AC Voltage Output at the DC to AC Inverter, which is then 
used to supply the connected load. 

 
Fig. 12.  Voltage output at S10W10/S and S10W10/W. 

 
Fig. 13.  Input and output voltage – DC boost converter. 

 
Fig. 14.  16V voltage input and 240V AC output at the DC to AC inverter. 

The presented results are for condition S10W10, while the 
results for all the other conditions were compiled and are 
presented in Tables III and IV.  

V. CONCLUSION 

Based on the presented literature review, a VBCC for solar 
– wind RES was proposed, modeled, and developed in this 
paper. The modeling and development of the VBCC was 
conducted in order to sense and measure the incoming voltages 
from the solar and wind RES. The other aims of VBCC are to 
coordinate, switch, and effectively manage the produced 
energy from the available voltages. The presented research 
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methodology has successfully developed the VBCC. The 
obtained results show that the developed VBCC can 
coordinate, switch, and effectively manage the available energy 
for connected load and battery energy system charging. 

TABLE III.  ESCC OUTPUT LOGIC CONDITIONS 

ESCC Output Logic Conditions 

S0 S10 S12 W0 W10 W12 

1   1   

1    1  

1     1 

 1  1   

 1   1  

 1    1 

  1 1   

  1  1  

  1   1 

TABLE IV.  ELGC COMBINATIONAL OUTPUT LOGICS 

ELGC Combinational Output Logics 

C9 C8 C7 C6 C5 C4 C3 C2 C12 

S0W0 S0W10 S0W12 S10W0 S10W10 S10W12 S12W0 S12W10 S12W12 

1         

 1        

  1       

   1      

    1     

     1    

      1   

       1  

        1 
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