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Abstract 

Voltage sag is the major power quality issue in modern power systems. The 

presence of power converters for various industrial and domestic power control 

applications introduces voltage sag, which adversely affects the performance of 

all the equipment connected to the power system. Distributed Static Compensator 

(D-STATCOM) is an efficient custom power device to overcome this issue. Its 

advantages include fast dynamic response and power factor correction. D-

STATCOMS can mitigate the load harmonics and also, they can prevent the load 

harmonics flowing into the source. This will also prevent from point of common 

coupling voltage degrading. The performance of D-STATCOM depends on the 

accuracy of sag detection. This paper presents a two-level inverter and seven-

level Cascaded H-Bridge Multilevel Inverter (CHBMLI) based D-STATCOM 

with Goertzel Algorithm for accurate sag detection. Application of the Goertzel 

algorithm helps in finding the fundamental voltage component in such a way that 

the compensation happens during sag alone. The simulation results, showing the 

extraction of the fundamental component using the Goertzel algorithm are 

presented in this paper. 

Keywords: Cascaded H-bridge, Distributed static compensator (D-STATCOM), 

Fundamental component detection, Goertzel algorithm, Multilevel 

inverter, Power efficiency, Power quality, Voltage sag. 
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1.  Introduction 

The Power system operation and control need more attention because of voltage 

instability. Power quality problems are becoming a serious concern with the ever-

increasing utilization and higher loading of existing transmission systems, 

particularly with increasing energy demands, and competitive generation and 

supply requirements. Under heavy load conditions, a significant voltage drop may 

occur in the system. Voltage sags can occur at any instant of time, with amplitudes 

ranging from 10-90% and duration lasting for half a cycle to one minute [1]. There 

are several ways to mitigate voltage dips, swell, and interruptions in transmission 

and distribution systems. At present, a wide range of very flexible controllers which 

capitalize on newly available power electronics components are emerging for 

custom power applications [2]. Among these STATCOM is the most effective 

device. DSTATCOM have the ability to generate the rated current at virtually any 

network voltage, therefore they have a better dynamic response. 

An effective control method is essential for the good dynamic performance of 

STATCOMs. The voltage or current feedback is taken to generate the pulses for 

the inverter switches. The inverters can be voltage controlled or current-controlled. 

Voltage-controlled voltage source inverters are very widely used. The voltage 

source inverter controls the output voltage as set by the reference. The control loop 

is based on the dc quantities whereas, the ac voltage of the inverter is a time-varying 

value, Therefore, this control mode requires a conversion of the time-varying 

values to fixed values.  

There are several methods for conversion, depending on the required 

parameters to be controlled. The PQ or d-q method will provide active-reactive 

power and direct-quadratic voltage components. The voltage control mode requires 

a complex control for gate drive and switching. These gate drive control methods 

are generally divided into two main categories; which are carrier-based and Space 

Vector Modulation (SVM) techniques. The other control approach is the current 

control method which does not require complex gate control. This method is 

utilized in the cases where the converter current is of great importance. This method 

suits D-STATCOM applications since it is also based on controlling the current 

that is injected into the grid [3].  

Voltage sag detection plays an important part in measuring and improving 

power quality. It is necessary for the control system to not only detect the start and 

end of a voltage sag but also to determine the sag depth and any associated phase 

shift. Many methods have been proposed to determine the voltage amplitude. The 

three main considerations when selecting the suitable method are the response time, 

implementation complexity, and accuracy. Peak value detection is one of the latest 

approaches to detect voltage amplitude. There are two approaches to find the peak 

value. One is to find the voltage gradient for each sample and the peak voltage is 

the voltage level when the gradient is zero [4].  

The other method is by finding the maximum absolute voltage. In this method, 

the maximum of the absolute value of the voltage over the preceding half cycle is 

calculated [5]. The drawback of this method is that it takes up to half cycle for the 

sag depth information before the value is calculated. It may also be affected by 

noise and harmonics. To improve peak value detection, a new approach was 

proposed in [6], based on peak value detection by 900 shifting of the instantaneous 
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voltage value. Voltage sag detection based on synchronously rotating reference 

frame was proposed in [7] for a 1φ system.  

In this approach, a differentiator was used orthogonal phase shifter to generate 

orthogonal ac voltage from grid voltage information. These two voltages are passed 

through Park’s transformation to get dc voltages. The dc voltages were used for 

generating the sag signals. The voltage sag can be recognized by this approach in a 

very short time in every condition of voltage sags.  

Another recent approach is the Least Squares Method. In this method, the main 

harmonic of the grid is determined by finding the coefficients of Fourier transform 

which makes the error between the Fourier series and the actual data minimum. The 

least-square technique possesses simplicity and robustness. Owing to these features 

the power system harmonic estimation can be improved by this method [8] and it 

is used in power quality monitoring. This process is usually done by matrix 

manipulation, and it requires extensive calculations. So, it is not suitable for 

practical online applications. In order to overcome this drawback an efficient least 

square method is proposed in [9].  

This approach extracts the active and reactive parts of the positive- and 

negative-sequence components for generating reference values of current that need 

to be injected into the point of connection D-STATCOM in order to compensate 

for the voltage errors. Model predictive control with finite control set for D-

STATCOM was proposed in [10]. Using this algorithm, it was possible to improve 

voltage stability and was also possible to track the current simultaneously.  

In [11-13], fixed frequency current controllers were used to mitigate voltage sag 

and reduce the harmonic contents in the output current. A sag detection method 

based on Goertzel algorithm was introduced.  

This paper presents the implementation of D-STATCOM using two level 

inverter and seven level cascaded H-bridge inverter. Differently Evolution with 

space vector pulse width modulation was proposed in [14-16] in order to reduce the 

harmonics in STATCOM. Goertzel algorithm-based implementation is presented 

in this paper.   

2. Goertzel Algorithm 

The Goertzel algorithm is a digital signal processing technique that provides a mean 

for efficient evaluation of individual terms of the discrete Fourier transform. 

Goertzel algorithm is suitable for applications where only a few points in the 

frequency spectrum are required. Compared to a direct N-point DFT calculation. 

This algorithm uses half the number of real multiplications, the same number of 

real additions, and requires approximately 1/N the number of trigonometric 

evaluations. Since the algorithm processes samples in time domain, it allows the 

application to begin when the first sample arrives. In contrast, the DFT must have 

the entire frame in order to start the calculation. This algorithm requires N real 

multiplication and 2N real addition and 2 trigonometric evaluations. The transfer 

function for Goertzel algorithm is given by equation (1) and the state flow diagram 

is shown in Fig. 1.  

𝐻𝑘(𝑧) =
1−𝑊𝑘

𝑁 𝑧
−1

1−2𝑐𝑜𝑠(
2𝜋𝑘

𝑁
)𝑧−1+𝑧−2

                   (1) 
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Fig. 1. Goertzel algorithm state flow diagram. 

It only needed to bring the system to a state from which 𝑦𝑘[𝑛] can be computed, 

the complex multiplication by −𝑊𝑛
𝑘 required to implement the zero of the system 

need not be performed at every iteration but only after the Nth iteration by the 

difference equation (2). 

𝑣𝑘[𝑛] = 𝑥[𝑛] + 2 𝑐𝑜𝑠 (
2𝜋𝑘

𝑁
) 𝑣𝑘[𝑛 − 1] − 𝑣𝑘[𝑛 − 2]                 (2) 

where  0 ≤ 𝑘 ≤ 𝑁. 

It requires two real multiplications and four real additions to compute 𝑣𝑘[𝑛]. 
The multiplication by is performed only when n=N, which requires four real 

multiplication and four real addition. Finally, a total of 2N+4 real multiplication 

and 4N+4 real additions are required. To compute all the X[k], k = 0.….., N-1, it 

needed 2N(N+2) real multiplication and 4N(N+1) real addition where the number 

of multiplications are reduced almost half. 

Goertzel algorithm is usually used to compute X[k] for which only a single k or 

a small number of k values are needed. Like DFT, the Goertzel algorithm analyses 

one selectable frequency component from a discrete signal. Unlike direct DFT 

calculation the Goertzel algorithm applies a single real valued arithmetic for real 

valued input sequences. The simple structure of the Goertzel algorithm makes it 

well suited to small processor and embedded applications. 

3.  D-STATCOM Description 

The block diagram of D-STATCOM is shown in Fig. 2. The load is connected to 

grid. To visualize the effect of nonlinear load on voltage, a transformer is 

connected. This coupling transformer connects the Inverter to the grid when there 

is a dip in supply voltage. The inverter may be a conventional two-level inverter or 

seven level CHBMLI. 

Control scheme is shown in Fig. 3.  The instantaneous load voltage is sensed 

using voltage sensor and this voltage is converters to discrete signal and Goertzel 

algorithm is applied to get the magnitude of fundamental component. This 

fundamental component of voltage is compared with the supply voltage peak. A 

Phase locked loop is used to extract the peak of the supply. These two voltages are 

fed to a comparator. The error voltage is used to produce the pulses for the inverter. 

At this instant a relay is energized to connect the inverter to the grid. A zero-

crossing detector is used to synchronize the inverter voltage with the grid supply. 
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Fig. 2. Block diagram of D-STATCOM. 

 
Fig. 3. Block diagram of control scheme. 

4. Simulation Analysis and Results 

The simulation is carried out in MATLAB/Simulink platform. The specifications 

are listed in Table 1. Rectifier fed R load is considered. The voltage sag is created 

by connecting additional RL load along with the existing load. The supply voltage 

before introducing additional load is shown in Fig. 4.  RL load is introduced from 

0.3 to 0.8 sec. The transformer secondary voltage is shown in Fig. 5. 

Table 1. Specifications. 

Parameter Values 

Supply Voltage 230 V 

Supply Frequency 50 Hz 

Coupling Transformer Turns Ratio 1:1 

DC Link Voltage 230 V 

R Load 200 Ω 

Additional RL Load 100 Ω and 3µH 
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Fig. 4. Input voltage. Fig. 5. Transformer  

secondary voltage. 

As observed from Fig. 5, from 0.3 secs to 0.8 secs, there is a dip in the 

transformer secondary voltage. The rectifier bridge is connected across the 

transformer secondary. Therefore, the load voltage is also reduced. To compensate 

for this voltage sag, an inverter is connected to the grid through coupling 

transformer. This inverter is supplied from a battery. 

Goertzel algorithm is applied to extract the fundamental voltage. The Simulink 

model for this algorithm is shown in Fig. 6. Figure 7 indicates the output extracted 

after applying this algorithm. The algorithm extracts the fundamental component 

from the load voltage. 

 
Fig. 6. Simulink model for  

Goertzel algorithm 

Fig. 7. FFT spectra extracted  

from the algorithm 

4.1. Two level inverter based D-STATCOM 

The Simulink model of the two level inverter D-STATCOM is shown in Fig. 8. 

Figure 9 shows the inverter output. From Fig. 9, it is observed that, inverter gives 

the output voltage only during voltage sag. Figure 10 shows the transformer 

secondary side voltage after compensation by using two level inverter. From Fig. 

10, it is observed that the voltage sag (0.3 sec.-0.8 sec) is compensated using D-

STATCOM. The FFT analysis of the transformer secondary voltage was carried 

out and the FFT spectrum is shown in Fig. 11. It is observed that the total harmonic 

distortion in the transformer secondary voltage is 36.7%. 
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Fig. 8. Simulink model for two level inverter based DSTATCOM. 

 
Fig. 9. Inverter  

output voltage (0.3-0.8 s). 

Fig. 10. Transformer  

secondary voltage. 

 

Fig. 11. FFT spectra of transformer secondary voltage after compensation. 

4.2. Seven level cascaded multilevel inverter based D-STATCOM 

The proposed seven level CHBMLI with minimum number of switches is shown 

in Fig. 12. This topology consists of six power switches: Sa, Sb, SL1, SL2, SR1, 

SR2 and two DC voltage sources. Asymmetric cascaded H-bridge inverter is 

considered because a greater number of levels in output voltage can be obtained 
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with reduced number of switches and few voltage sources. This helps in reducing 

the switching complexities as well. 

 

Fig. 12. Cascaded H-bridge multilevel inverter topology. 

Unequal DC source voltages are considered to generate more levels with a smaller 

number of voltage sources. The magnitudes of dc voltage source are: 𝑉𝐿1 = 𝑉𝑑𝑐, 𝑉𝑅2 =
2𝑉𝑑𝑐 . Table 2 shows the switching state for seven level cascaded multilevel inverter. 

The multilevel was simulated for 7 levels of output voltage with a 300 V dc 

source. The output voltage of CHBMLI is shown in Fig. 13. The inverter output 

voltage which appears only during sag is shown in Fig. 14. The transformer 

secondary voltage is shown in Fig. 15. The FFT spectrum of the secondary voltage 

is shown in Fig. 16. The THD is found to be 22.46%. This THD can be further 

brought down using LC filter or LCL filters or harmonic filter. 

Table 2. Switching pattern for seven level cascaded multilevel inverter. 

𝑺𝑳𝟏 𝑺𝑳𝟐 𝑺𝑹𝟏 𝑺𝑹𝟐 𝑺𝒂 𝑺𝒃 𝒗𝒐 

1 0 0 1 0 1 𝑉𝐿1 

1 0 0 1 1 0 -𝑉𝑅2 

1 0 1 0 0 1 𝑉𝐿1+𝑉𝑅2 

0 1 0 1 0 1 0 

0 1 1 0 1 0 -𝑉𝐿1 

0 1 1 0 0 1 𝑉𝑅2 

0 1 0 1 1 0 -(𝑉𝐿1+𝑉𝑅2) 
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Fig. 13. Output voltage of CHBMLI. Fig. 14. MLI output voltage. 

 
Fig. 15. Transformer Secondary 

voltage with CHBMLI D-

STATCOM 

Fig. 16. FFT spectra after 

compensation 

5. Conclusion 

A simple control algorithm using Goertzel algorithm was presented to compensate 

for the voltage dip due to non-linear loads. Two level inverter and seven level 

CHBMLI based D-STATCOMs were analysed. An improved performance is 

obtained by using CHBMLI. Further the work can be extended to investigate on 

voltage sag during transformer faults such as interturn short circuit fault and during 

starting of induction motors. 

Abbreviations 

CHBMLI Cascaded H-Bridge Multilevel Inverter  

D-STATCOM Distributed Static Compensator  

MLI Multilevel Inverter 
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