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Abstract	

To	maintain	the	stability	of	voltage	and	frequency,	in	the	micro‐grid	operation	mode,	we	
often	adopt	the	droop	control	strategy.	Although	the	traditional	droop	control	strategy	
stabilizes	 the	 voltage	 and	 frequency	 of	 system,	 the	 voltage	 and	 frequency	will	 also	
fluctuate	greatly	as	the	load	increases	or	decreases.	In	order	to	solve	the	impact	of	load	
fluctuations	on	the	voltage	and	frequency,	this	article	is	proposed,	which	is	with	adaptive	
droop	control	strategy.	Based	on	traditional	droop	control,	pan‐Boolean	PI	controlling	
is	introduced	to	achieve	the	effect	of	stabilizing	frequency	and	voltage.	In	this	paper,	the	
principle	of	this	improved	method,	it	is	analyzed	in	detail.	Finally,	MATLAB/Simulink	is	
used	 for	modeling	 and	 simulation,	which	 verifies	 that	 the	method	 can	 enhance	 the	
stability	of	voltage	and	frequency	more	effectively	than	the	method	of	traditional	droop	
control.	
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1. Introduction 

Microgrid is a small power supplied system, which integrates distributed power generation, energy 
storage, load, protection and monitoring systems. The microgrid can realize self-control, self-
protection and self-management, so far to operate with the external grid, or it can operate in isolation. 
It is an effective method to solve the power supplied problem in rural and remote areas [1, 2, 3]. 

The control method of microgrid is mainly divided into master-slave control and peer-to-peer control 

[4]. The master-slave control mode means that, when the microgrid is in island operation mode, one 
of the distributed power sources adopts constant voltage, constant frequency control (V/F control) to 
provide voltage, and frequency references to other distributed power sources in the microgrid. Other 
distributed power sources can use constant power control (P/Q control) [5]. He distributed power, it is 
the master controller using V/F control, while the other distributed power controllers are the slave 
controllers. A method of master-slave control is proposed in [6] that. Peer-to-peer control [7] refers to 
the fact that all distributed power sources in the microgrid have the same status in control. The most 
commonly used in this mode, and it is droop control, which is controlled in island mode and grid-
connected. All modes can be used in this time. At present, The master-slave control is often used in 
the case of more distributed power supplies, but once the master controller fails, the entire network 
will be paralyzed, so in order to improve the reliability of system operation, people often use droop 
control strategies. The droop control can obtain stable frequency and voltage. This control method 
separately controls the active and reactive power output by the distributed power supply in the 
microgrid, without the need for communication coordination between micro-sources, and it realizes 
micro-source plug-in with the goal of ready-to-use, the microgrid can provide stable power supply in 
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island mode, which is simple and reliable. However, the traditional droop control is equivalent to a 
proportional control link with constant coefficients. The selection of the droop coefficient has a great 
influence on the dynamic performance of the system. When the larger droop coefficient is selected, 
the oscillation of the system voltage and frequency will be aggravated; when the droop coefficient is 
selected smaller, the oscillation of the system is smaller, but it will slow down the reaction speed of 
the system, and when the load changes, the voltage and frequency will also with fluctuations, it may 
even exceed the allowable voltage frequency operating range [8]. 

In order to solve the mentioned problems, this paper proposes an new droop control, which introduces 
pan-Boolean PI droop control to realize adaptive control. Compared with traditional droop control, 
the simulation results show the feasibility and effectiveness of this method. 

2. Pan-Boolean algebra theory 

In the 1980s, Professor Zhang Nanlun of Wuhan University of Technology proposed the theory of 
pan-Boolean algebra for "discovering a logically different law from the axiom of Boolean algebra" 
[9,10,11]. It is different from Boolean algebra. It is based on the logic rules of multiple mutually negative 
states within a factor. Its main feature is that in a multi-state system, each variable is taken and only 
taken on a certain occasion. One of multiple states. Let X1, X2, X3... denote all variables in a multi-
state system, and the total number of all possible states of any variable X1 is called the "number of 
states" of X1, and is denoted as ni (i=1,2...) . In addition, xij (i=1,2..., j=1,2..., ni) represents the j state 
corresponding to Xi, which is also a variable, specifically called the "state variable" of Xi, and 
stipulates that when j When a state appears, the value is 1; when the j state does not appear, the value 
is 0. In the multiple states of the system, each variable Xi is taken on a certain occasion and only ni 
states State, then the following two conditions must be met simultaneously: 
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Except that the above two formulas are not same as the complementary law in Boolean algebra, the 
rest law are the same as Boolean algebra. Pan-Boolean PID [12] is a typical application of pan-Boolean 
algebraic logic control. 

3. Traditional droop control 

 

 
Fig1. The inverter output equivalent model 

 

Regarding Figure 1 as the equivalent output model of phase a of the inverter, Ei∠δi in the figure is 
the output voltage of the inverter, Zi∠θi is the impedance of the connecting line between the inverter 
and the AC bus, and Pi+jQi is the inverse from the output power of the transformer, V∠0° is the AC 
bus voltage. The active power, reactive power Pi and Qi output by the inverter can be expressed as: 
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For low-voltage microgrids, the line inductance is very small and the line is resistive, so the line 
inductance can be ignored, that is, Zi≈Ri. And the impedance angle is very small, which can be 
regarded as θi=0. The power angle φi is very small, sinφi=φi, cosφi=1, simplified 
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According to formula (3) and formula (4), the active power Pi output by the inverter is determined by 
its output voltage amplitude Ei, and the reactive power Qi is determined by the power phase angle φi. 
According to ω=dφ/dt, we can control the angular velocity and then the phase angle. 

Therefore, when the microgrid island is running, the P-V and Q-f droop control strategy formulas are 
as follows: 

 ** m PPEE                              (7) 

 ** n QQff                              (8) 

In the same way, when the line impedance is inductive, the impedance angle θi≈90°, and the droop 
control formula is obtained as follows: 

 QQEE  ** n                             (9) 

 PPff  ** m                            (10) 

Among them, E* and f* are the reference voltage and reference frequency of the inverter respectively, 
E and f are the actual voltage and actual frequency of the inverter respectively; P* and Q* are the 
rated active power and the rated reactive power, respectively, Q* is generally equal to zero, P and Q 
are the actual output active power and reactive power; n is the reactive power droop coefficient, and 
m is the active power droop coefficient. This article mainly takes P-f and Q-v control research as 
examples. 

According to formula (10) to get the droop curve. 

 

 
Fig2. P-f Droop curve 
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According to Figure 2, suppose the microgrid is operating at point A in island mode, a is the droop 
curve of the inverter, L1 is the characteristic curve of load , the value of the output active power is P*, 
and the frequency is f*. If the load increases to L2, the inverter moves from point A to point B, the 
inverter output frequency drops to f1, and the power rises to P1.As the load changes, the output 
frequency of the inverter will fluctuate and even exceed the specified frequency range. In order to 
ensure the stability and accuracy of the output frequency, the pan-Boolean PI control is introduced 
into the droop control to perform power compensation so that the output active power reaches P2, 
then the output frequency will return to the reference frequency to ensure the stability of the output 
frequency. 

4. Pan-Boolean PI adaptive droop control strategy 

Pan-Boolean algebraic logic control is very robust to nonlinear and complex control objects. 
Therefore, this article uses pan-Boolean logic control to adjust the parameters of the PI controller to 
achieve high-precision and stable control. In order to achieve the stability of the microgrid, this paper 
designs the pan-Boolean PI droop control module, as shown in Figure 3. 

 

 
Fig3. Pan Boolean PI droop control strategy diagram 

 

In Figure 3, taking frequency control as an example, Δf is the amplitude difference between the output 
frequency and the reference frequency, which is then input to the Pan-Boolean PI controller to output 
active power compensation ΔP, and then adjust the output frequency to achieve a stable output the 
purpose of frequency. The functional block diagram of the pan-Boolean PI controller is shown in 
Figure 4. 

 
Fig4. Pan Boolean PI controller block diagram 

 

Figure 4 is a functional block diagram of an adaptive PI droop controller. The pan-boole parameter 
regulator is designed based on the relevant experimental data to establish logical control rules to 
effectively adjust the parameters of the PI controller. The regulator uses the difference e of f*/E* and 
f/E, and the value of e Differential is used as input, kp and ki are used as the output of the regulator, 
and the regulator adjusts the parameters of the PI controller according to the change of the input data. 
Here, the difference e and the differential ec of the difference are limited to the allowable range of [-
e,e],[-ec,ec], and X1 and X2 are used to represent ︱e︱ and ︱de/dt︱, And subdivide it into 
(0<e1<e2<e) and (0<ec1<ec2<ec), "x1
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ec1<X2≤ec2, X2≤ec1" status. Y1 and Y2 are used to denote Kp, Ki, "y1
1, y1

2, y1
3, y1

4" and "y2
1, y2

2, y2
3, 

y2
4" respectively, which respectively represent the four states of "large, medium, small, and hold". 

The control rules of Kp and Ki are shown in Table 1 and Table 2. 

 

Table1. The logical control rules of Kp 

 
 

Table2. The logical control rules of Ki 

 
 

According to the theory of pan-Boolean algebra, the logical expression of the output Kp and Ki of the 
parameter adjuster can be simplified into formula (11) 
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According to formula (11), the pan-Boolean state values of Y1 and Y2 can be obtained from the states 
of X1 and X2, and then multiplied by the corresponding parameters "large, medium, small, hold", and 
finally the values of Kp and Ki are obtained. To achieve a good control effect, the selection of 
parameters is very important. We only need to set the range of error and error rate of change according 
to the empirical value and the required value, and do not need to achieve the control purpose through 
complex calculation. 

5. Simulation analysis 

The model of the proposed new droop control strategy is established in MATLAB/Simulink. In island 
operation mode, the comparison with the traditional droop control verifies the feasibility of the 
strategy. 

The experiment parameters are as follows: distributed power supply voltage Udc is 800V, rated power 
Pn is 20KW, Qn is 0kVar, voltage level is 380V, rated frequency fn=50HZ, filter parameter Rf=0.01Ω, 
Cf=1000μf, Lf=2.5mH, Droop coefficient m=1×10-5, n=5×10-4, impedance R+jX=0.2+j0.03, load 1: 
P1=15KW, Q1=5Kvar, load 2: P2=10KW, Q2= 7.5Kvar, load 2 is connected to the switch, the initial 
state of the switch is open, set to close at 0.4s, open at 1.2s, and the simulation time is set to 1.6s. In 
order to show the correctness and superiority of the pan-Boolean PI droop control method proposed 
in the article, it is compared with the classic droop control method. 

Figure 5 shows the frequency simulation waveforms using traditional droop control and Pan-Boolean 
PI droop control. 

 

 
(a) Frequency waveform using the traditional droop control 

 
(b) Frequency waveform using the new droop control 

Fig5. Micro-grid frequency amplitude is compared by two methods 
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At 0.4s, the load 2 switch is closed, the microgrid load increases, the active load increases from 15KW 
to 25KW, and the reactive load increases from 5Kvar to 12.5Kvar. At 1.2s, the microgrid load is 
reduced, the active load is reduced from 25KW to 15KW, and the reactive load is reduced from 
12.5Kvar to 5Kvar. Figure 5 shows the comparison of the output frequency curve of the traditional 
droop control and the improved droop control when the load changes.The frequency waveform of the 
new droop control is closer to the rated value of 50HZ, which is less affected by load fluctuations and 
is more stable and faster than the traditional droop control. When the load increases, the frequency 
drop value decreases by about 0.9, and the frequency stabilizes at 50±0.01HZ. 

The output voltage amplitude curve of the traditional droop control and new droop control is shown 
in Figure 6 when the load of the microgrid increases or decreases. 

 

 
(a) Voltage waveform using the traditional droop control 

 
(b) Voltage waveform using the new droop control 

Fig6. Micro-grid voltage amplitude is compared by two methods 

 

As shown in the above figure, when using traditional droop control, the output voltage amplitude 
drops at 0.4s, the drop is about 4V, and the voltage rises sharply at 1.2s as the load decreases. The 
new droop control voltage output waveform has a faster stabilization speed and is closer to the rated 
voltage of 380V. When we increase or decrease the load, the voltage amplitude decreases compared 
to the traditional method by about 7V. When the load changes, the PI controller parameters can be 
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adaptively changed through the pan-Boolean parameter adjuster, so that reducing the influence of 
load change on voltage amplitude. 

6. Conclusion 

In the islanding mode of the microgrid, as the load changes, the frequency and voltage of the grid will 
fluctuate. If the fluctuation is too large, the microgrid will not be able to effectively supply power. 
This paper takes the traditional droop control as the research object, improves it, and proposes a pan-
Boolean PI adaptive droop control, and compares it with the traditional method, and draws the 
following conclusion: Improve droop control, add pan-Boolean PI control to the traditional method, 
as the load changes, the controller will adjust the PI parameter according to the difference between 
the voltage frequency output value and the rated value, and perform power compensation on the 
system to achieve the purpose of stabilizing voltage and frequency. The experimental results show 
that, in the micro-grid island operating mode, the improved droop control can better ensure the 
stability of the system, can effectively reduce volatility of the micro-grid voltage and frequency, and 
improve the power quality. 
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