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Abstract— A simple Voltage-Base Self-Intervention technique is introduced in this paper to perform the switching between the connected distributed generation renewable energy sources. The Voltage-Base Self-Intervention technique fetch maximum power from either the solar photovoltaic or wind energy systems under inhomogeneous conditions and output stable voltage for DC – AC inverter and DC – DC Boost Converter. In order to fetch the maximum power, the proposed Voltage-Base Self-Intervention technique is integrated after the stable DC voltage system. This is to ensure the DC bus can efficiently and effectively measure the voltage increment and decrement during the voltage conduction. To validate the performances of the proposed Voltage-Base Self-Intervention technique for solar – wind renewable energy sources, PROTEUS simulations are presented in this paper. Simulation results shows that the proposed technique effectively perform the Self-Intervention between the distributed generation solar – wind renewable energy sources using the voltage sensing and measurement. 
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I.  Introduction
Renewable energy sources have gained great attention because of disadvantages of fossil fuels based electricity power generation systems [1].  Therefore, in recent years renewable energy sources based system have been given great emphasis. The renewable energy sources power systems for electricity generations are among with minimal negative impact on the environment. Hence, among fastest growing renewable energy sources power system are undoubtedly the solar photovoltaic and wind energy system [2], [3], [4]. Therefore, the state-of-the-art of the solar and wind energy system as a hybrid power system development is to compensate between each another during their intermittency period [5]. System proposed and research conducted such as in [2], [6], [7], [8], [9], [10], [11] introduces the method of controlling the renewable energy sources at the Distributed Generation (DG). All of these researches have proposed new methods with the attention to increase the penetration level at the intermittent of renewable energy sources. In [12] has been mentioned, determination of an optimum hybrid renewable energy system highly dependable on the adaptability of renewable energy sources and energy management system to optimize the control strategy.

In this paper, a solar – wind renewable energy sources combinational are proposed at the DG level. As mentioned in [13], due to the intermittent nature of the solar – wind renewable energy sources, both sources requires a control strategy to compensate each other during climate change or intermittent period. Hence, a new voltage-base self-intervention technique is proposed to perform the control strategy for solar – wind renewable energy sources at the DG level. An increment and decrement hierarchical voltage management and control strategy is proposed to continuously measure the input voltages of solar – wind renewable energy sources based on the voltage conduction method to optimize the renewable energy sources Direct Current (DC) output. 

Therefore following the introduction, an outline of the principle operation using the voltage-base self-intervention technique is given in Section II. In Section III, a method of developing the increment and decrement hierarchical voltage management and control strategy base on voltage conduction. This strategy is developed based on quantifying the input voltage the solar - wind renewable energy into FOUR stages and operation optimization is discussed.  The simulation tests, results and discussion are presented in Section IV. Finally Section V will include some conclusion remarks.

II. Voltage – Base Self - Intervention
The voltage-base self-intervention technique is proposed to sense and measure the input voltage from the solar – wind renewable energy sources. In the proposed technique, two voltage dividers are connected after the output voltage stabilization. The stabilized output voltage from the solar –wind renewable energy sources conducts through the voltage dividers, sensed and measured voltage at the voltage dividers are proportionally rationed to 5 Volt. The proportionally rationed 5 Volt voltage is necessary to perform the voltage quantification in the next level. The voltage quantification will be discussed in Section III. The voltage quantification process is important to allow the voltage divider to sense and measure the 14 Volt voltage changes from the solar – wind renewable energy sources proportionally with 5 Volt. In the following, the calculation for analogue to digital (ADC) voltage changes is shown. 
Where, 

The microcontroller has 10 bit resolution of ADC, hence, 
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Based on the calculation shown and Fig. 1, every 1 Volt sensed and measured by the microcontroller ADC is equivalent to 2.8 Volt input voltage from the solar – wind renewable energy sources. Hence, the calculation also shows that every single bit is equivalent to 0.01367 Volt and it requires 205 bits to complete 2.8 Volt.  

Therefore,
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Figure 1. Vpic (Voltage) proportion relationship with Vsolar-wind (Voltage).
The voltage calculation is important to show the relationship between the input voltage from the solar – wind renewable energy sources and the operational of the voltage-base self-intervention at the microcontroller using the ADC function.
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Figure 2. Solar – Wind Voltage Divider Circuits – Voltage - Base.
Fig. 2 is showing the voltage divider circuits for solar – wind renewable energy sources to perform the voltage – base self – intervention. Based on the voltage relationship shown in Fig. 1, 
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 then, the ADCs channel measures 0 Volt. 

Hence, this section has addressed the developed methodology for voltage – base self – intervention technique based on the input voltages from the solar – wind renewable energy sources. With that, in the next section the self – intervention controllability based of the voltage quantification is discussed. 
III. Self – Intervention Controllability
The solar – wind self – intervention controllability is aimed to provide self control to solar – wind renewable energy sources based on their responsiveness to the climate. This technique is integrated after the output voltages have been stabilized. Two voltage divider circuits are integrated to continuously measure the stabled output voltages. The integration of the voltage – base voltage divider circuits are also to control the switching between solar – wind renewable energy sources for optimum operation. Besides that, the maximum energy harvesting would also help to minimize the dependency on the grid network power supply.

Fig. 3 shows the proposed integrated architecture of the solar – wind renewable energy sources using the PIC16F877A microcontroller. Based on the presented calculation in Section II, the ADCs are used to measure the 5 Volt input voltage of solar – wind renewable energy sources at 0.0049 Volt sensitivity per bit.  Therefore, to perform the self – intervention of the solar – wind renewable energy sources the PIC16F877A microcontroller is programmed with predefined voltage measurement conditions based on the hierarchical voltage management and control strategy. The hierarchical voltage management and control strategy is base on the predefined voltage values that measured from the input. 
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Table 1 presents predefined voltage quantification to perform the increment and decrement hierarchical voltage management and control strategy for solar – wind renewable energy sources. There are FOUR stages of voltage quantification involved in the self – intervention process solar – wind renewable energy sources. In the following, each stage is explained in terms of the solar – wind renewable energy sources self – intervention process.
TABLE I.  Hierarchical Voltage Management and Control Strategy Conditions
	Stages
	Sources
	Conditions

	1. 
	System Initialization

	2. 
	Solar Energy (SE)
	12 < SE ≤ 14

	3. 
	Wind Energy (WE)
	12 < WE ≤ 14

	4. 
	Solar Energy (SE)
	9 < SE ≤ 12

	5. 
	Wind Energy (WE)
	9 < WE ≤ 12

	6. 
	Solar Energy (SE)
	5 < SE ≤ 9

	7. 
	Wind Energy (WE)
	5 < WE ≤ 9


Stage 1: In the initial during the system start-up, the system will start searching for the available renewable energy sources. 
Stage 2: If solar – wind renewable energy sources are available then, the ADCs will start sensing and measuring the available input voltages. When solar – wind renewable energy sources voltage is at 12 < solar – wind ≤ 14, 9 < solar – wind ≤ 12 and 5 < solar – wind ≤ 9 the increment and decrement hierarchical voltage management and control system make the solar energy as primary energy supplier (ADC0) and wind energy as secondary energy supplier (ADC1).
Stage 3: When one of the energy source is producing higher voltage than the other one, for instance solar (12 < solar ≤ 14) is higher than wind (9 < wind ≤ 12), then the higher voltage energy source will be the primary supplier and the lower voltage energy source will be the secondary supplier. During this stage, both ADCs are at active HIGH but have different tasks to perform and it goes vice versa as well. 

Stage 4: If both renewable energy sources are less than and equal to 5 Volt, ADC0 and ADC1 will send a HIGH – HALT signal to the PIC16F877A microcontroller to temporarily stop any kind of activity that related to the overall system performances.
IV. Simulation Tests, Results and Discussion
This section will present the designed simulation for the solar – wind voltage divider circuits using the PROTEUS software. In this simulation, cell batteries have been used as a condition to provide the solar – wind voltage divider circuits with constant 14 Volt voltage. Each condition presented in Table 1 is demonstrated and the simulation test results are captured. 
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	Figure 4. Solar – wind analogue voltage reading at 14 Volt.


Fig. 4 shows the input voltage from solar – wind renewable energy sources. Solar – wind renewable energy sources reading is showing 14 Volt input voltage as predefined in the Table 1.
i. [image: image45.png]\ottage.



Condition 1: 12 < solar ≤ 14

	

	(a)


Meantime, during the 14 Volt input voltage from solar – wind renewable energy sources in Fig. 4, the condition 1 ADC0 (Wind – Fig. 4(a)) and condition 2 ADC1 (Solar – Fig. 4(b)) measured reading is showing 5 Volt. Which means, the relationship presented in Fig. 1 in Section II has been demonstrated.
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Condition 2: 12 < wind ≤ 14
Figure 4. (a) and (b) 12 < solar – wind ≤ 14.

Fig. 5 demonstrates the condition 3 and 4 shown in Table 1. These conditions demonstrate the solar – wind renewable energy sources producing voltage between 9 Volt to 12 Volt. Fig. 5 shows the solar – wind renewable energy sources input voltage reading is showing 10.08 Volt as predefined in Table 1.
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	Figure 5. Solar – wind analogue voltage reading at 10.08 Volt.

	i. Condition 3: 9 < solar ≤ 12
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Condition 2: 9 < wind ≤ 12
Figure 5. (a) and (b) Solar – wind analogue voltage reading.

Therefore, when the condition 3 ADC0 (Solar) Fig.5 (a) and condition 4 ADC1 (Fig. 5 (b)) measured value shows at 3.5956 Volt. This value represents the solar – wind renewable energy sources input voltage at 10.08 Volt at the DG level.
Fig. 6 demonstrates the condition 5 and 6 shown in Table 1. During these conditions, solar – wind renewable energy sources produces 6.43 Volt input voltage. In the following, the ADC0 and ADC1 calculation validate the proposed increment and decrement hierarchical voltage management and control strategy for solar – wind renewable energy sources self – intervention. 
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Figure 6. Solar – wind ADC voltage reading.
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Fig. 7 shows the system goes into HALT MODE when the solar – wind renewable energy sources produces less than or equal to 5 Volt. During the system HALT MODE, overall system performance is temporarily STOPPED till the solar – wind renewable energy sources voltage increase above 5 Volt constantly for a period time. In the following section, the ADC0 and ADC1 measured voltage value is calculated which will validate the system is unable to perform the optimization process.
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Figure 7. 0 < solar – wind ≤ 5.

Where, 

Solar and Wind Voltage = 
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Figure 7. (a) and (b) Solar – wind ADC Voltage Reading.

Figs. 7(a) ADC0 – wind and (b) ADC1 – solar shows ADC voltage reading for equivalent solar – wind analogue input voltage. The measured solar – wind voltages at the ADCs is used to perform the increment and decrement hierarchical voltage management and control strategy in the microcontroller PIC16F877A. During this condition the ADC0 and ADC1 will send a HIGH-HALT signal to the system. This operation and functionality is important because when the solar – wind renewable energy sources input voltage is low the overall system underperforms. This will cause inefficiency and ineffectiveness to the overall system operation. 
V. Conclusions
The research aims to propose the voltage – base self – intervention technique and the increment and decrement hierarchical voltage management and control strategy using the voltage – divider principle. The voltage dividers are integrated after the stabilized solar – wind voltage and simple voltage quantification method shown in Table 1 is used to program the PIC16F877A microcontroller using the increment and decrement hierarchical voltage management and control strategy. Presented simulation test results validate the proposed technique and strategy successfully performs the solar –wind renewable energy sources self – intervention for maximum power fetching.  
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Figure � SEQ Figure \* ARABIC �3�. Solar – Wind Self – Intervention using ADC channel of Microcontroller.
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