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Experimental test performance for a comparative evaluation  

of a voltage source inverter: Dual voltage source inverter 

 

Mrutyunjaya Mangaraj1, Jogeswara Sabat2, Ajit Kumar Barisal2 

 

This article proposes an adaptive Kernel-Hebbian least mean square (KHLMS) controller for a dual voltage source inverter 

(VSI). The recommended topology consists of a distributed energy resource (DER) supported VSI called main VSI (MVSI) 

and split capacitor supported VSI termed as auxiliary VSI (AVSI). Both the MVSI and AVSI are used to serve the shunt 

compensation when DER is not integrated with MVSI. The DER scenario is considered to suppress the active power flow 

shortage in the utility grid. Here, optimal active power flow control (OAPFC) is managed by MVSI and shunt compensation is 

achieved by AVSI during DER operated mode.  Hence, a dual VSI based distribution static compensator (DSTATCOM) 

facilitates the configuration merits such as reduction in system downtime cost, filter rating switching stress etc. Supremacy of 

both the neural network (NN) based controller and topology is presented by comparing VSI (called AVSI) in the context of 

harmonic reduction in source side, voltage balancing, power factor (PF) enhancement, better voltage regulation and OAPFC. 

The experimental results are obtained through field programmable gate array (FPGA) based hardware units which exhibit 

radical improvement in the power quality (PQ) conferring as per the international standard grid code (IEEE-519-2017). 

Keywords: MVSI, AVSI, KHLMS, DSTATCOM, DER and PQ 

 

1 Introduction 

1.1 Motivation and incitement 

Nowadays, the integration of DER with the utility 

grid has captured more attention due to the negative 

aspects of conventional resources and the traditional 

operation of the utility grid [1-3]. The conventional 

process of integrating the DER is the direct support to 

the utility or supplied into the grid [4-6]. In both cases, 

VSI along with power stage conversion is an important 

requirement. Conversely, the issues of the DER 

integration are the requirement of an extra power stage 

conversion and OAPFC management. Also, the high 

initial cost and seasonal power increase the cost 

efficiency of the DER integration system [7-9]. It is very 

important to deal with these challenges, to make the 

utility grid maximum efficient with economic benefits 

for consumers, has become necessary. To avoid the DER 

integration issues, power electronics devices that 

interface the non-conventional sources to the utility grid 

can be intended. It also realizes multiple operations, like, 

as reducing dependency on conventional sources, active 

power variation suppression and reducing PQ issues  

[10, 11]. 

 

1.2 Literature review 

The conventional two-level VSI is used extensively 

among the commercially existing inverters due to its 

simple design and operation [12]. Also, it is found that 

the VSI has the marginal compensation capability due to 

the single pathway power supply. Besides these demerits 

some other negative aspects are also found such as buck 

converter [10, 13], high rating DC link voltage [14], 

unable to arrest circulating current [15], more switching 

stresses, high rating of filter inductance [16] and for 

DER integration the rating of the inverter will increase. 

At the beginning of the twentieth century, dual inverter 

topology underwent a fast evolution to replace the single 

VSI architecture, which includes flexibility, reduced 

total harmonic distortion (THD), lower EMI emission, 

less semiconductor device stress, high reliability, and 

arrest the zero-sequence current [13-16]. The superior 

features offered by dual VSI topology leads to a mo-

mentous penetration in areas like electric vehicles [17], 

PV system [18], electric drives [19], active power filters 

[14] and utility grid [10, 14, 15, 18]. Because of their 

inherent merits including source current shaping, unity 

PF, voltage balanced at the point of common coupling 

(PCC) and better voltage regulation are receiving much 

more and wider attention. This innovation has fully 

fledged to enhance the overall performance by providing 

a double current pathway [15]. The enhancement of 

source current shaping garnishes to the utility grids is 

observed in the past research work when the proposed 

topology i.e. dual VSI is utilized in grid operations [10, 

14, 15]. 
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1.3 Contribution and paper organization 

To overcome the negative aspects of conventional 

VSI, this paper designs a dual VSI for better OAPFC 

management with PQ improvement. The dual VSI 

consists of a DER-supported VSI called MVSI and 

a split capacitor-supported VSI termed AVSI. Both the 

VSI can be used to serve the shunt compensation. The 

DER scenario is considered to suppress the active power 

flow shortage in the utility grid. Here, OAPFC is 

managed by MVSI and shunt compensation is achieved 

by AVSI during DER operated mode. Hence, it 

facilitates the configuration merits such as reduction in 

system downtime cost, filter rating switching stress etc. 

Meanwhile, it suffers from some demerits, such as 

higher costs and complex switching signal generations. 

The dual operation of the proposed single system 

neglects the higher cost and for complex pulse 

generation a NN based control algorithm is utilized. 

Some control techniques based on neural network are 

Gradient descent back propagation [20], Quasi Newton 

back propagation [21], Least mean fourth based NN 

[22], Naïve back propagation [23], and KHLMS [24]. 

However, an accurately tuned KHLMS algorithm has 

better performance than the other algorithm [25]. This 

research work also like to point out the main objectives 

of the paper, which are been listed below: 

• The proposed system can be one of the upcoming 

custom power devices with nonconventional energy 

integration with several benefits such as reduced dc-

link voltage, continuous input current, reduction in 

filter inductance, lower source current THD, PF 

correction, lower switching stress, easy fault 

identification and repair. 

• All time quality power supply to the clients of the 

utility grid is maintained with less dependency on 

conventional sources. 

• Both inverters have the shunt compensation 

capability, if MVSI is shut down from the utility grid, 

still the shunt compensation of the grid is achieved 

using AVSI. 

• Simple computation exhibits less error and 

accomplishes fast response on variable loading. 

The structure of this research paper is organized as 

follows. First, the principle of MVSI and AVSI with 

theoretical capability is presented in Section 1. Section 2 

presents the proposed system circuit configuration, 

principle of operation and novelties. Section 3 presents 

the computation process of switching signal generation 

using the KHLMS controller. Section 4 presents experi-

mental results performance evaluations, and related 

discussions. Eventually, the proposed work is concluded 

in Section 5. 

 

2 Brief background 

2.1 Circuit description and operation 

Figure 1 depicts a complete schematic diagram of 

dual VSI topology. There are three legs with two 

controlled IGBTs per each leg, forming the MVSI and 

AVSI. It is utilized for OAPFC in the utility grid by DER 

supported MVSI and shunt compensation by split 

capacitors supported AVSI. Two compensating 

impedances Zc and Z’c are connected between the utility 

grid and the front side of the inverter to inject currents. 

In this configuration AVSI is an earth point clamped 

inverter, the function of AVSI is to provide shunt 

compensation with arrested circulating current and 

unbalanced current. Two split capacitors are connected 

in series to form a common voltage DC link. A three-

phase nonlinear and variable load drawing load 

current, and is connected at the PCC. Different 

nonconventional sources constitute the DER such as 

photovoltaic at variable low DC voltage, wind energy at 

variable AC voltage and fuel cell etc. So, these sources 

require power conditioning before connecting to the 

utility grid through MVSI. During experiments, a ba-

lanced three phase supply was connected through an 

autotransformer and isolation transformer to the 

rectifier, and the output of the rectifier was supplied to 

the MVSI. Here, a DC source is used in place of DER. 

The MVSI supplies the DER generated power into the 

three-phase utility grid.  
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Fig. 1. Dual VSI topology with KHLMS controller 
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2.2 Novelties of the dual VSI based DSTATCOM 

The dual VSI topology has improved characteristics 

with some novelties. The performances are highlighted 

below: 

(i) The components' breakdown rate reduced: The 

dual VSI topology provides a two-way current 

path, i.e., load current divided by both MVSI and 

AVSI. If one fails then the other one can continue 

the operation. These factors increase the reliability 

and expiration time of components.  

(ii) Filter inductor rating reduced: The rating of the 

VSI decreased which decreased the rating of the 

switch. But the switches switched at the higher 

switching frequency and the inductance of the filter 

is decreased.  

(iii) Round the clock power supply: The MVSI is 

supported by DER, when the main source of the 

utility grid fails MVSI can inject active power. This 

helps to provide continuous power supply to the 

end user of the utility grid. 

(iv) Flexibility of the system increased: MVSI and 

AVSI were supplied from separate DC sources. i.e., 

MVSI and AVSI can operate separately. Hence the 

system flexibility will be increased. 

(v) THD reduction: It is found from the experimental 

results that the dual VSI keeps its supply current 

THD less than the VSI and also keeps less than the 

value recommended by the IEEE grid code.  

(vi) Decrease in inverter DC link voltage: The MVSI is 

a self-capacitor supported topology and AVSI is 

split capacitor supported topology. Hence MVSI 

DC-link voltage is reduced to 38% over AVSI 

because MVSI does not supply the zero-sequence 

load current component. 

(vii) Reduces dependence on conventional sources: It 

reduces the dependence on conventional sources 

because the MVSI is integrated with non-

conventional sources and its maximum capacity is 

utilized as active power transfer.  

 

3 KHLMS control algorithm  

In this proposed KHLMS algorithm, the step size and 

convergence factor are represented by α  and γ . The 

range of both α  and γ  must be within 0 and 1. The 

KHLMS algorithm is trained (where, α = 0.4 and γ =
0.2) to obtain the stable and convergence characteristics. 

In particular, the training study is analysed for the unit 

PF operation, less harmonic distortion and suitable 

amplitude of source current. Hence, both the values are 

chosen as the most accepted values [24]. The 

computation process for different variables is presented 

below: 

 

 

3.1 Computation of load current's active component  

The weighting values of the active component of the 

load current ( 𝑤𝑝𝑎 , 𝑤𝑝𝑏 , 𝑤𝑝𝑐 ) are obtained using the 

KHLMS algorithm as follows [24]: 

 

𝑤𝑝𝑎(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑎)𝑇 + 𝑓(𝑖𝑙𝑎)𝑇𝑓(𝑖𝑙𝑎)𝑤𝑝𝑎(𝑛 − 1)}𝑖𝑙𝑎𝑢𝑝𝑐(𝑛) 

+𝑤𝑝𝑎(𝑛 − 1),                                                                     (1) 

 

𝑤𝑝𝑏(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑏)𝑇 + 𝑓(𝑖𝑙𝑏)𝑇𝑓(𝑖𝑙𝑏)𝑤𝑝𝑏(𝑛 − 1)}𝑖𝑙𝑏𝑢𝑝𝑐(𝑛) 

+𝑤𝑝𝑏(𝑛 − 1),                                                                     (2) 

 

𝑤𝑝𝑐(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑐)𝑇 + 𝑓(𝑖𝑙𝑐)𝑇𝑓(𝑖𝑙𝑐)𝑤𝑝𝑐(𝑛 − 1)}𝑖𝑙𝑐𝑢𝑝𝑐(𝑛) 

+𝑤𝑝𝑐(𝑛 − 1),                                                                     (3) 

 

where 𝑤𝑝𝑎(𝑛 − 1) is the vector in phase 𝑎, 

𝑓(𝑖𝑙𝑎)𝑇 = (𝑖𝑙𝑎1, 𝑖𝑙𝑎2 … … . 𝑖𝑙𝑎𝑛)𝑇 , and 𝑖𝑙𝑎𝑛 =  𝑛𝑡ℎ is the 

eigen-value of the load current ≥ 0. 

 

3.2 Computation of load current's reactive component 

Similarly, the extraction of weighting values of the 

reactive component of load current 𝑤𝑞𝑎 , 𝑤𝑞𝑏 , 𝑤𝑞𝑐  are 

obtained using the KHLMS algorithm as follows: 

 

𝑤𝑞𝑎(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑎)𝑇𝑓(𝑖𝑙𝑎)𝑇𝑓(𝑖𝑙𝑎)𝑤𝑞𝑎(𝑛 − 1)}𝑖𝑙𝑎𝑢𝑞𝑎(𝑛) 

+𝑤𝑞𝑎(𝑛 − 1)                                                                      (4) 

 

𝑤𝑞𝑏(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑏)𝑇𝑓(𝑖𝑙𝑏)𝑇𝑓(𝑖𝑙𝑏)𝑤𝑞𝑏(𝑛 − 1)}𝑖𝑙𝑏𝑢𝑞𝑏(𝑛) 

+𝑤𝑞𝑏(𝑛 − 1)                                                                      (5) 

 

𝑤𝑞𝑐(𝑛) = 

= 𝛼𝛾{𝑓(𝑖𝑙𝑐)𝑇𝑓(𝑖𝑙𝑐)𝑇𝑓(𝑖𝑙𝑐)𝑤𝑞𝑐(𝑛 − 1)}𝑖𝑙𝑐𝑢𝑞𝑐(𝑛) 

+𝑤𝑞𝑐(𝑛 − 1)                                                                      (6) 

 

The 𝑤𝑎  average weight of active component can be 

expressed as: 

𝑤𝑎 =
𝑤𝑝𝑎 + 𝑤𝑝𝑏 + 𝑤𝑝𝑐

3
 .                                            (7) 

The 𝑤𝑟  average weight of reactive component can be 

expressed as: 

𝑤𝑟 =
𝑤𝑞𝑎 + 𝑤𝑞𝑏 + 𝑤𝑞𝑐

3
 .                                             (8) 
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3.3 Computation of unit voltage template 

Here, 𝑣𝑡 is termed as amplitude of PCC voltage and 

𝑣𝑠𝑎 is the phase voltage. Therefore, for estimating unit 

voltage templates ( 𝑢𝑝𝑎 , 𝑢𝑝𝑏 , 𝑢𝑝𝑐 ), the phase voltage 

divided by the amplitude of PCC voltage is determined 

as 

 𝑢𝑝𝑎 =
𝑣𝑠𝑎

𝑣𝑡
,  𝑢𝑝𝑏 =

𝑣𝑠𝑏

𝑣𝑡
,  𝑢𝑝𝑐 =  

𝑣𝑠𝑐

𝑣𝑡
 .                  (9) 

The quadrature unit voltage templates ( 𝑢𝑞𝑎 , 𝑢𝑞𝑏 , 𝑢𝑞𝑐) is 

determined as 

 𝑢𝑞𝑎 =
𝑢𝑝𝑏 + 𝑢𝑝𝑐

√3
,   𝑢𝑞𝑏 =

3𝑢𝑝𝑎 + 𝑢𝑝𝑏 − 𝑢𝑝𝑐

2√3
, 

𝑢𝑞𝑐 =
−3𝑢𝑝𝑎 + 𝑢𝑝𝑏 − 𝑢𝑝𝑐

2√3
 ,                               (10) 

 

where 𝑣𝑡 can be stated as 

𝑣𝑡 = √
2(𝑣𝑠𝑎

2 +𝑣𝑠𝑏
2 + 𝑣𝑠𝑐

2 )

3
 .                                  (11) 

 

3.4 Computation of source current's active component 

The estimating error dc voltage 𝑣𝑑𝑒 is determined as 

 

𝑣𝑑𝑒 = 𝑣𝑑𝑐 (𝑟𝑒𝑓) − 𝑣𝑑𝑐 ,                                          (12) 

 

where 𝑣𝑑𝑐 (𝑟𝑒𝑓) is the reference DC voltage and 𝑣𝑑𝑐  is 

the sensed DC voltage. 

Based on the above analysis, the difference is 

processed through the Proportional-Integral controller. 

we can deduce the output as  

𝑤𝑐𝑝 = 𝑘𝑝𝑎𝑣𝑑𝑒 + 𝑘𝑖𝑎 ∫ 𝑣𝑑𝑒𝑑𝑡 .                           (13) 

The estimating the reference source current total active 

components is determined as 

𝑤𝑠𝑝 = 𝑤𝑎 + 𝑤𝑐𝑝 ,                                                  (14) 

where 𝑤𝑎 is the average magnitude of the load currents 

active component and 𝑤𝑐𝑝 is the PI controller output. 

 

3.5 Computation of source current's reactive component 

The ac voltage error (𝑣𝑡𝑒) is determined as 

𝑣𝑡𝑒 =   𝑣𝑡 (𝑟𝑒𝑓) − 𝑣𝑡 .                                             (15) 

Based on the above analysis, the difference is 

processed through the Proportional-Integral controller. 

we can deduce the output as  

 

 

𝑤𝑐𝑞 = 𝑘𝑝𝑟𝑣𝑡𝑒 + 𝑘𝑖𝑟 ∫ 𝑣𝑡𝑒𝑑𝑡 .                            (16) 

Here, 𝑤𝑟  is termed as average magnitude of the load 

currents reactive component and 𝑤𝑐𝑞 is the PI controller 

output. Therefore, for estimating the reference source 

current total reactive components is determined as 

𝑤𝑠𝑞 = 𝑤𝑟 − 𝑤𝑐𝑞 .                                                  (17) 

 

3.6 Generation of switching signal  

The procedure of obtaining active part of 

instantaneous three-phase reference source side current 

is determined as  

𝑖𝑎𝑎 = 𝑤𝑠𝑝𝑢𝑝𝑎 ,   𝑖𝑎𝑏 = 𝑤𝑠𝑝𝑢𝑝𝑏,   𝑖𝑎𝑐 = 𝑤𝑠𝑝𝑢𝑝𝑐 .        (18) 

The procedure of obtaining reactive part of 

instantaneous three-phase reference source side current 

can deduce as  

𝑖𝑟𝑎 = 𝑤𝑠𝑞𝑢𝑞𝑎,   𝑖𝑟𝑏 = 𝑤𝑠𝑞𝑢𝑞𝑏 ,   𝑖𝑟𝑐 = 𝑤𝑠𝑞𝑢𝑞𝑐 .         (19) 

Therefore, for estimating the reference source current 

can deduce as follows: 

𝑖𝑠𝑎
∗ = 𝑖𝑎𝑎 + 𝑖𝑟𝑎 , 𝑖𝑠𝑏

∗ = 𝑖𝑎𝑏 + 𝑖𝑟𝑏 , 𝑖𝑠𝑐
∗ = 𝑖𝑎𝑐 + 𝑖𝑟𝑐 .     (20) 

Here, 𝑖𝑠𝑎 ,  𝑖𝑠𝑏 , 𝑖𝑠𝑐  are termed as actual source currents 

and 𝑖𝑠𝑎
∗ , 𝑖𝑠𝑏

∗ , 𝑖𝑠𝑐
∗  are the source currents (reference). 

Therefore, for generating the error signals both are 

compared. Afterward, the error is precise to a Hysteresis 

Current Controller (HCC). The outputs of HCC are used 

to supply the pulses of switches S1 to S6 of the AVSI 

and S′1 to S′6 of the MVSI. 

 

4 Hardware implementation and results 

The merits of the proposed topology are designed and 

verified through experimentation. The hardware unit 

seen in Fig. 2 is constructed using system parameters as 

those arranged in Tab. 1. The SPARTAN-6 FPGA 

controller switching frequency is 20 kHz, which 

operates the switches of MVSI and AVSI. The KHLMS 

control algorithm is designed in XILINX SP6 LX25 and 

coded for implementation in the FPGA controller 

toolbox. The sampling rate is kept to 50 µs to avoid 

overrun errors. The voltage, current, PF and harmonic 

reduction are recorded with 200 ms averages by using a 

digital storage oscilloscope (model no-SIGLENT, 

SDS1104X-E-5100) and multifunction meter (MFM) 

model no-SELEC-MFM384, which is fully compatible 

with IEC-614000-4-30. 
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Fig. 2. Experimental unit of the proposed topology 

 

A 3-phase variable nonlinear load, i.e., a diode bridge 

rectifier with variable R and fixed L is supplied by MVSI 

and AVSI topology. Two MFMs are connected at source 

side MFM-1 and load side MFM-2 of the utility grid to 

measure different parameters such as voltage, current, 

power, PF and THD of the system.  

 

4.1 Operational performance of conventional VSI 

The experimental waveform of the source voltage 

and three phase source currents with and without VSI are 

depicted in Fig. 3(a) it is found that no distortions are 

present in the source currents after compensation. Figure 

3(b) shows the distortion present in the source current 

before VSI switched ON. The a-phase source current and 

voltage are in phase and sinusoidal when VSI based 

DSTATCOM is switched ON. Figures 3(c-d) show the 

THD reduction and PF correction after compensation. 

 

4.2 Superior performance of proposed topology  

The MVSI and AVSI are connected at the PCC of the 

utility grid, the switches of AVSI are first switched on 

and the performance is similar to the two-level VSI. But 

when dual VSI is switched on, the performance of the 

system is improved and its results in phase a source 

voltage and three phase source currents are shown in 

Fig. 4(a). The inherent merits of the proposed confi- 

guration are that it decreases the DC link voltage of 

MVSI up to 38% over AVSI and is stable at 570 V and 

the total DC link voltage across two split capacitors of 

AVSI is 904 V. The proposed dual VSI exhibits 

admirable dynamic performance, phase-a source 

voltage, phase-a source currents, phase-a compensating 

current of AVSI and phase-a compensating current of 

MVSI are shown in Fig. 4(b). 

 

 

Fig. 3. Performance of VSI, (a) 𝑣𝑠𝑎  (phase a supply 

voltage) and 𝑖𝑠𝑎 ,  𝑖𝑠𝑏 ,  𝑖𝑠𝑐  (3-phase supply current) 

before and after compensation, (b) distortion in source 

currents before compensation, (c) distortion free source 

currents after compensation and (d) after compensation 

PF improvement 

 

It is observed from Fig. 4(c), that after compensation, 

the three phase source currents THDs are reduced to 

(average) 2.4% and the PF corrected to 0.985 is shown 

in Fig. 4(d). The experimental outcome of dual VSI 

compared with conventional VSI and the dynamic 

performance of the KHLMS technique with others are 

arranged in Tab. 2 and Tab. 3 respectively. 
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Fig. 4. Superior performance of the dual VSI: (a) 𝑣𝑠𝑎 

(phase a supply voltage) and 𝑖𝑠𝑎,𝑖𝑠𝑏 , 𝑖𝑠𝑐 (3-phase supply 

current) before and after compensation, (b) phase a 

supply voltage, supply current, compensating current of 

AVSI and MVSI, (c) distortion free source currents after 

compensation, and (d) after compensation PF impro-

vement 

 

Table 1. Hardware unit parameters and magnitude 

Required parameter Magnitude 

Source voltage 200 V/phase 

Microgrid voltage 415 V (line to line) 

System frequency 50 Hz 

Switching frequency 20 kHz 

Source resistance  5 Ω 

Variable load 1 kW 

Compensator resistance 50 Ω 

Compensator inductance 5 mH 

Inverter rating  2 kVA, 5 A 

DC link voltage  750 V(max) 

DC link capacitor 2200 µF 

Isolation Transformer 3 kVA, 415 V 

Variable Transformer (No 2) 5 kVA, (0-470 V) 

 

Table 2. Assessment of single VSI and dual VSI 

Parameter VSI dual VSI 

𝒊𝒔 (A), %THD 2.3, 4.1 2.1, 2.4 

𝒗𝒔 (V), %THD 200, 1.6 202, 1.4 

𝒊𝒍 (A), %THD 1.8, 29 1.83, 29 

PF 0.982 0.985 

Active power injection NO Yes 

DC link voltage (V) 904 V 904 V(AVSI) 

570 V(MVSI) 

 

Table 3. Assessment between other techniques for 

source current harmonics reduction with the KHLMS 

Measurement Source current 

THD% 

Load current 

THD% 

PF 

Ref. [14] 4.14 27.9 0.9 

Ref. [25] 3.8 27.9 0.8 

KHLMS 

technique 

2.4 29 0.98 

 

5 Conclusion 

The reliability, flexibility and shunt compensation 

capability of the inverter is improved, which can also 

regulate the OAPFC. Some important contributions of 

the dual VSI are highlighted below: 

• Auxiliary power supply requirement is omitted when 

the source side fails in the utility grid. 

• More reliable and the overall performance is better 

over single VSI. 

• Modularity is possible, future upcoming noncon-

ventional sources can be integrated with the proposed 

topology. 

• Fault identification and maintenance is easy and can 

be done without a whole system shutdown. 

• The switching losses are reduced due to the dual 

current path way. 

• Reduced THD of source currents, better voltage 

regulation with balanced voltage at PCC and under 

variable nonlinear loading maintaining source PF 

nearer to unity and sinusoidal. 

Validation of the proposed topology under variable 

nonlinear conditions is verified with the experimental 

setup. Finally, the proposed topology found a more 

suitable option for a low and medium voltage utility grid. 
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