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Abstract: This paper gives a brief introduction to the background, current situation 

and development trend of STATCOM. The control strategy of STATCOM is summarized, 

the strategy and method of hysteresis comparison control are analyzed, and the 

selection of parameters in STATCOM is provided. In this paper, a hysteresis 

comparative control method which can quickly respond to the variation of reactive 

current is used to simulate the reactive power compensation. The simulation model of 

STATCOM circuit is established by using MATLAB. The results are analyzed in detail and 

the conclusion is drawn. The phase of voltage and current waveform is basically 

consistent after STATCOM reactive power compensation. The simulation results show 

that the compensation method is feasible and effective.  
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1. Introduction 

In recent years, with the rapid increase of nonlinear power equipment in power system, 

the harmonics in power system also increase greatly [1]. At the same time, there are 

some problems such as low power factor of electric equipment. These problems 

impose additional workload on the power grid and seriously affect the quality of 

electricity. In the current industrial production process, due to the large proportion of 

electrical equipment with inductive load, the phase current hysteresis voltage is at a 

certain angle. However, reactive power compensation device can improve this problem, 

and reactive power compensation device can effectively suppress harmonics and 

increase power factor. STATCOM is also called static synchronous compensator, which 

is based on the change of reactive current of power network to carry out real-time 

tracking detection, and has obvious compensation effect [2]. STATCOM represents the 
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new development direction of compensation device. Therefore, the simulation research 

of STATCOM reactive power compensation based on hysteresis comparison control has 

theoretical guiding significance and engineering practice value. 

 

2. An Overview of STATCOM Control Strategy 

The control strategy of STATCOM is one of the main influencing factors of reactive 

power compensation performance. The development of control strategy has always 

affected the development of STATCOM. The control strategy can be divided into 

open-loop control, closed-loop control, and these two kinds of mixed control. Usually, 

the control object is mainly for voltage loop and current loop [3]. The control idea of 

STATCOM is based on the double loop control of voltage and current based on SVPWM. 

The phase locked loop (PLL) and the low pass filter (LPF) are used to detect the 

magnitude of reactive current in the load current. Decoupling control of reactive 

current and active current of STATCOM in dq plane by dq transformation. At the same 

time, the output of DC voltage outer loop controller is coupled to active current control 

loop to realize DC voltage stable voltage control. 

With the need of intelligent process, the development trend and direction of reactive 

power compensator are changing according to the actual production demand. Control 

mode and control strategy have been a hot topic in the field of automation. From the 

early linear control to the present intelligent control, it is constantly improving and 

developing. Researchers in the field of control engineering are dedicated to the study 

of functional control systems with real-time compensation that are simpler in structure 

and better in control, to meet the actual needs of STATCOM that can vary according to 

the variation of mutated reference variables. 

In the development of STATCOM control strategy, according to the differences between 

its working principles, the control methods are divided into two types: direct control 

and indirect control [4]. Direct control voltage stability with DC side capacitance, good 

dynamic performance, and the simulation results has high reliability and accuracy. So 

it's more widely used. Direct current control technology is to use tracking PWM control 

technology to control the instantaneous value of current waveform. The structure of 

direct instruction current is simple, the response of current regulation is fast, and the 

robustness of direct command current is good, but it is only suitable for small and 

medium capacity situations and has great limitations for large capacity situations. 

Indirect current control is an indirect control of AC side current through the minimum 

amplitude and phase of AC voltage of STATCOM inverter. It is simple and easy to realize, 

but its dynamic performance is poor, so it is suitable for large capacity STATCOM. To 

reduce harmonics, multilevel, multilevel or PWM techniques can be used to improve the 

waveform in indirect current control. The main Circuit structure of STATCOM reactive 
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compensation current Generation shown in Fig. 1 
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Fig. 1 The structure Diagram of the main Circuit of compensating current Generation 

 

3. Hysteresis Comparison Control Strategy 

Hysteresis comparison control method is a control method for nonlinear system. Its 

working process is carried out by adding and subtraction the current compensation 

signal and instruction signal which is actually compensated, then the value is sent to 

the hysteresis comparator, then the PWM signal is compared with the hysteresis width 

[5]. Then the signal is fed into the drive circuit to generate the driving signal, and then 

the conduction state of the power electronic switch device is controlled to achieve the 

purpose of reactive power compensation [6]. Tracking Control of PWM Converter by 

comparison of Square hysteresis Control method is one of the main Control methods 

for STATCOM Control Strategy. It has the advantages of simple structure, fast response 

speed and good parameter robustness. It is widely used in all kinds of closed-loop 

tracking control systems. The main circuit structure of hysteresis comparison control, 

as shown in Fig. 2 
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Fig. 2 Hysteresis comparison control structure diagram 

 

3.1 The Essence of the Hysteresis Comparison Method 

Two boundary values are set by hysteresis width, and then the difference between the 

reactive power instruction current and the feedback current output by STATCOM 

compensator is compared with the set boundary value. Then a PWM signal is generated 

to control the on-on state of the power device switch in the driving circuit, and the 

real-time compensation of the power system is finally realized. The output 

characteristics of hysteresis comparison control are shown in Fig. 3.The detailed 

analysis is as follows. When Hcc  ii  Then hysteresis comparator outputs a value of 1, 

generates a signal into the drive circuit, and then drives the on-off of the switch device. 

And then control the current ci  increase. Until it's equal to the current 


ci .The output of 

the hysteresis comparator remains unchanged at 1, continue to increase the current 
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value ci within the limits of HH ccc   iii .The output of hysteresis comparator 

remains unchanged. Until Hcc  ii , the output of the hysteresis comparator will 

change from 1 to 0, and the switch components that control the power device will be 

disconnected. Through the above analysis, it can be found that the difference between 

the actual output current of Statcom and the compensated command signal has a 

certain range, and must always be kept between H  and H . 

ci



ci

Hysteresis 

width

OFF

ON "1"

"0"
 

Fig. 3 Hysteresis comparator output characteristics 

 

From the essence of hysteresis comparison method, it is obvious that the size of 

hysteresis width H has a certain relation to the effect of hysteresis control. The value of 

hysteresis width H is very important to the compensation effect of the system and the 

steady operation of the system. In order to achieve cost saving and better operation of 

the system, different loop widths need to be selected according to the different system 

conditions. 

When the hysteresis width H is larger, the on-off frequency of switching devices in 

Sarcoma is small, but the control error of the system is large. On the contrary, when the 

hysteresis width H is selected, the on-off frequency of switching devices in Sarcoma will 

be larger, and the corresponding error will be reduced. Therefore, in the actual power 

system, the hysteresis width H should be selected according to the actual needs of the 

system [7]. When the accuracy of the system is high, the error between the actual 

output current value of STATCOM and the given instruction current value is relatively 

small, and the value of loop width H should be controlled as far as possible to minimize 

it. At the same time, the frequency requirement of the switch device is also increased 

accordingly. At this point, the loss of the switch device will become larger and the heat 

is serious. But for the system that requires not high, the requirement of the ring width 

H can be relaxed accordingly. 
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4. Selection of Parameters in STATCOM 

The selection of various parameters in STATCOM is very important. It will directly affect 

the correctness and effectiveness of the simulation results after the reactive power 

compensation device is put in. In the process of parameter design, the following three 

parameters are mainly carried out: the DC side capacitance, the output side inductance 

and the equivalent resistance. The compensation capacity can be calculated according 

to the increasing process of power factor. It is assumed that the power factor of the 

system is 1cos before the reactive power compensation device is not input, the power 

factor of the system is 2cos after reactive power compensation is input, and the 

average active power and reactive power are expressed avP and expressed avQ  

respectively, and the reactive compensation capacity calculated cQ through calculation 

is finally calculated. The calculation process can be obtained by formula 1 and formula 

2. 
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Of course, the system also has certain requirements for compensation capacity, and its 

value will not be unlimited compensation. If the power factor is to be increased from 

between and between, the corresponding reactive power compensation capacities also 

has a certain range of requirements, the specific requirements are as follows: formula 
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Generally speaking, if the higher power factor is higher than the lower power factor, the 

compensation capacity of the higher power factor will be different when the power 

factor is increased by the same size. Of course, the lower power factor will require less 

compensation capacity [9]. Therefore, for higher power factor, the compensation effect 

is generally poor, and the waveform of the simulation results will not be obvious. 

 

5. Simulation of STATCOM Static Vary Compensator 

In this paper, MATLAB/Simulink simulation tool is used to provide an integrated 

environment for STATCOM reactive power compensation device. Under this 

environment, dynamic system modeling, simulation research and comprehensive 

analysis of its results can be carried out. When using this tool to simulate and build the 

model diagram, many sub-modules can be encapsulated, which is convenient to adjust 

the parameters and to have the basic structure and beauty of the graph. The overall 
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simulation model of STATCOM static Var compensator is shown in figure 4. 
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Fig. 4 General Simulation Model Diagram of STATCOM static Var compensator 

 

In the figure, the power supply is a three-phase AC power supply model, and its 

parameters are set as follows: the peak voltage is 2220 V , the frequency of the 

power supply is ZH50 the same as the frequency of the system, and the phase 

difference 120 between the three phases. 

 

6. Simulation Results and Analysis of Static Vary Compensator 

Figure 5 shows the voltage and current waveforms of the power system A before 

switching off the STATCOM reactive power compensator. Figure 6 shows the voltage 

and current waveforms of power system A after the STATCOM reactive power 

compensator is put into operation, and figure 7 shows the active and reactive power 

waveforms of phase A of the system. From the map, the voltage and current phase 

change process has obvious. In the absence of STATCOM reactive compensation device, 

due to the existence of inductive reactive load, the current lagged at a certain angle of 

voltage. After the input of STATCOM reactive power compensation device, the voltage 

and current waveform has been improved obviously, and the phase of voltage and 

current is basically the same at 0.18s. 
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Fig. 5 Voltage and current waveforms without STATCOM A phase 
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Fig. 6 Voltage and current waveforms after STATCOM compensation A phase 
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Fig. 7 System active power and reactive power waveform A phase 

 

Figure 8 below shows the A phase waveform of Sarcoma reactive power compensation 

device under impact load, and figure 9 shows the active and reactive power waveforms 

under the hysteresis comparison control method. From the figure we can clearly see in 

the t=0.5s, the impact load can be incorporated into the system, from the waveform 

clearly incorporated in shock load moment, current amplitude after the shock process 

appeared obvious mutation. In phase, after STATCOM reactive power compensation 
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device, phase voltage and current is significantly improved, approximately the same 

phase. 
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Fig. 8 Voltage and current waveforms after STATCOM compensation under shock load 

a phase 
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Fig. 9 System active power and reactive power waveform a phase 

 

7. Conclusion 

After analyzing and comparing the waveform diagram, it is concluded that the 

STATCOM reactive power compensation device controlled by hysteresis loop 

comparison can achieve the purpose of reactive power compensation. The effect is 

obvious, the waveform is close to sinusoidal wave, and the voltage and current phase 

is approximately the same. Hysteresis control method has outstanding advantages in 

response speed and circuit structure within its allowable error range. However, in the 

process of operation, STATCOM inevitably brings harmonics, resulting in power grid 

pollution, which will inevitably increase the power loss of the power grid, which is also 

considered and seriously analyzed in the next research process. 
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