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 This paper presents the adaptive filtering based least mean square control 
algorithm for distribution static compensator (DSTATCOM) in three-phase 
grid tied system for linear/non-linear load, to solve the power quality 
problems caused by solid-state equipment and devices. This is shown that the 
active component weights obtained from the load currents in the LMS 
adaptive filter are used to produce the reference currents and subsequently 
produces the switching pulses for VSC of the compensator. The complete 
circuit along with the adaptive technique and diode bridge rectifier type non-
linear load is simulated in Matlab/Simulink software. Initially the circuit was 
simulated for a three phase linear inductive load. Later it was simulated for a 
rectifier load connected at PCC with a disconnection of the load of any phase 
for a short duration of time. It is concluded that the harmonics are found 
within the limit. The harmonics and power results for both types of loads are 
compared in a tabular form. Hence this three phase system with 
DSTATCOM  improves the power quality in the three-phase distribution 
network therefore, serves to provide harmonics reduction, load balancing and 
regulating the terminal voltage at the point of common coupling (PCC).
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1. INTRODUCTION  

The invention of solid-state devices and its new technologies have made the life very simple and 
peaceful. On the other hand, these devices-based load deteriorate the power quality. The problems related to 
Power quality become of major concern in distribution system which results in reduction of efficiency of the 
entire system and hence requires more attention to reduce power pollution. There are large numbers of solid-
state devices based nonlinear loads which inject the harmonics into the entire system and subsequently 
decrease the quality of power. These loads are renewable energy systems, HVDC system, medical 
equipment, office and household equipment, transmission, high-frequency transformers, electric traction, arc 
furnaces, etc., If the system consists of unbalanced single-phase or three-phase loads, the nature of 
waveforms in the distribution system is changed, leads to affects the equipment as well as nearby users. 
Nowadays, research is concentrated on power quality issues like mitigation of current quality problems such 
as harmonics elimination, power factor correction (PFC), load balancing, noise cancellation and the voltage 
quality problems like swells, sag, voltage unbalances, impulses and fluctuations etc.  

The solution of these current based and voltage-based power quality problems is to use alternatives 
in the system which are Distribution static compensator (D-STATCOM), Dynamic voltage restore (DVR), 
and universal power quality conditioner (UPQC) [1]. Voltage-source converter (VSC)-based DSTATCOM is 
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the suitable option to mitigate all current based power quality problems, a major concern, in addition to static 
VAR compensators, power capacitors etc., the existing mitigating technologies. This device supplies the 
appropriate compensation into the system by which a balance sinusoidal current is generated. There are 
various topologies of DSTATCOM available in literature and the application of this finds in Microgrid [2], 
Distributed generation [3]. The compensation capability of distributed static compensator is dependant 
mainly on the control techniques used [4-7]. DSTATCOM is widely used in both the power network i.e. 
Three phase three wire and three phase four wire system [8]. 

To operate the VSC based DSTATCOM, requiring the appropriate pulses, a proper control 
algorithm is needed. This algorithm may be design either in time domain or frequency domain depending on 
the type of pulse generating process. The switching pulses for the VSC can be generated by extracting 
reference source/grid current and then comparing these with observed supply currents. Different 
configuration and various control algorithms are well explained in literature [9-12]. These techniques are 
such as: Unit template, synchronous rotating frame (SRF) theory, instantaneous reactive power theory 
(IRPT), power balance theory (PBT), single PQ theory, Adaline based Neural network, single DQ theory etc. 

Adaptive filter theory shows its power to track the changes of the unknown systems’ environment 
and characteristics. The filter parameters will be self-adjusted during the environment changing so that the 
filter behaviour and environment will be order to fulfil its purpose. There exists various adaptive control-
based algorithm available in the literature such as recursive least square (RLS), Least Mean Square (LMS) 
etc. [13-14]. Among these algorithms, LMS and its variants become popular for their best convergence speed 
and stability [15-18]. The function of LMS algorithm is to extract accurate pulse and minimizes the error 
appropriately for the proper operation of DSTATCOM. 

In this paper, continuous time LMS based adaptive control algorithm with DSTATCOM system will 
be discuss to improve current related power quality problems, harmonics’ elimination, load balancing of 
nonlinear loads etc. Moreover, this filter structure is simple, and to get desired response, only one constant  
is required.  
 
 
2. SYSTEM CONFIGURATION  

The block diagram of the DSTATCOM system with three phase system having a non-linear load 
connected at a PCC is shown in Figure 1. The distribution system consists of a three phase grid of 415 V (line 
to line), 50 Hz, having Rs and Ls as series resistance and inductance respectively, along with IGBT based 
Voltage Source Converter (VSC), dc link capacitance (Cdc), an interfacing inductance Lf between VSC and 
PCC to reduce the ripples in compensating current, and ripple filter Rf and Cf to suppress the high switching 
frequency noise [19]. VSC is a three-leg voltage source inverter having six IGBT switches with an input as 
dc voltage source and the output as three phase ac supply feeding to the grid as well as to the linear/non-
linear load connected at PCC. The system is analyzed for both the load, linear and non-linear loads. Inductive 
RL load is employed as linear load at PCC, while as a non-linear load, a three-phase diode bridge rectifier 
with inductive branch at dc side, is used. 
 
 

 
 

Figure 1. Block diagram of DC bus based DSTATCOM with three phase system 
 
 
3. CONTROL ALGORITHM 

The schematic diagram of DSTATCOM based on Least Mean Square (LMS) control algorithm is 
shown in Figure 2. The main function of this algorithm is to derive unit templates for each of the three phases 
(xaa, xab and xac) extracted from the observed grid voltages (vsa, vsb and vsc), required grid reference current by 
sensing the three phase load current (iLa, iLb and iLc), grid voltage magnitude (Vt) and Vdc across the VSC. The 
switching pulses for DSTATCOM are generated after making a comparison between the two grid currents: 
reference current obtained from algorithm and the observed current from the system. 
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Figure 2. Schematic diagram for LMS based control algorithm 
 
 

Initially the active or in-phase voltage unit templates of each of three phases xaa, xab and xac can be 
calculated with the help of grid voltage magnitude (Vt) [20]. These xpa, xpb and xpc are in phase with the three 
phase grid voltages vsa, vsb and vsc and mathematically these are represented as: 

 

𝑥௣௔ ൌ ௩ೞೌ

௏೟
, 𝑥௣௕ ൌ ௩ೞ್

௏೟
, 𝑥௣௖ ൌ ௩ೞ೎

௏೟
,  (1) 

 
Vt is the magnitude of the three phase instantaneous supply voltages given as: 
 

𝑉௧ ൌ  ටଶ

ଷ
ሺ𝑣௦௔

ଶ ൅  𝑣௦௕
ଶ ൅ 𝑣௦௖

ଶ   (2) 

 
where instantaneous three phase voltages are: 
 

vsa (t) = Vm Sin ωt 
vsb (t) = Vm Sin (ωt - 120º)  (3) 
vsc (t) = Vm Sin (ωt - 240º) 

 
Three blocks are used to estimate active weight component related to each of the three phases. Each 

block receives the input signal as a load current. The difference between the input and output is termed as 
error signal while the output is obtained after the multiplication of unit in phase template (xpa for phase ‘a’) 
with its corresponding weight component. Moreover, the integrated output of the product of unit template 
and error along with gain is known as active component of load current for a particular phase. The equations 
for phase ‘a’ representing the above in time domain are written in (4). 

 
𝑒𝑎ሺ𝑡ሻ ൌ 𝑖𝐿𝑎ሺ𝑡ሻ െ 𝑦𝑎ሺ𝑡ሻ   
Where output 𝑦𝑎

ሺ𝑡ሻ ൌ 𝑤𝑎ሺ𝑡ሻ. 𝑥𝑝𝑎ሺ𝑡ሻ  (4) 

𝑤𝑎 ൌ 𝑘 ׬ 𝑒𝑎ሺ𝑡ሻ. 𝑥𝑝𝑎ሺ𝑡ሻ𝑑𝑡
𝑡

0
  

Similarly, for phase ‘b’ and phase ‘c’, the active weight components (wb and wc) can be calculated. 
The average of active weights for all the three phases will be taken to ensure balance source current. This is 
stated as wpA and value will be: 

 

𝑤𝑝𝐴ሺ𝑡ሻ ൌ
𝑤𝑎൅ 𝑤𝑏൅ 𝑤𝑐

3
 (5) 

 
The dc link voltage of VSC is sensed with reference dc voltage to get error. Consequently, this error 

is feed to Proportional plus Integral controller (PI) of dc bus voltage to get dc loss weight component (wcd) 
and the equation is written as [21-22]: 

 
𝑤𝑐𝑑ሺ𝑘 ൅ 1ሻ ൌ 𝑤𝑐𝑑ሺ𝑘ሻ ൅ 𝑘𝑝ሾ𝑣𝑑𝑑ሺ𝑘 ൅ 1ሻ െ 𝑣𝑑𝑑ሺ𝑘ሻሿ ൅ 𝑘𝑖. 𝑣𝑑𝑑ሺ𝑘 ൅ 1ሻ  
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where 
𝑣𝑑𝑑ሺ𝑘 ൅ 1ሻ ൌ 𝑣𝑑𝑐

∗ ሺ𝑘 ൅ 1ሻ െ 𝑣𝑑𝑐ሺ𝑘 ൅ 1ሻ  (6) 
 
kp and kd are the proportional and integral gain for the dc voltage controller, while vdd(n+1) is the error 
between dc reference value and the sensed value of dc bus. 

Therefore, one can obtain the total active weight component by adding average active weight 
component and dc loss component which is stated as: 

 
 𝑤𝑝𝑡 ൌ 𝑤𝑝𝐴 ൅ 𝑤𝑐𝑑  (7) 
 
The reference grid currents of the three phases can be obtained by multiplying total active weight 

components with corresponding unit templates for each phase. These are representing as: 
 

𝑖௦௔
∗ ൌ 𝑤௣௧. 𝑥௣௔, 𝑖௦௕

∗ ൌ 𝑤௣௧. 𝑥௣௕, 𝑖௦௖
∗ ൌ 𝑤௣௧. 𝑥௣௖   (8) 

 
Then, the actual grid currents are compared with the reference grid current for each phase. The 

differences of these two currents are again compared individually with a reference signal, a triangular carrier 
wave of 10 kHz. By this comparison, the six pulses are extracted (S1 to S6) which are utilized as the gate 
signal of six switches of the three-arm voltage source converter. 
 
 
4. RESULTS AND DISCUSSION  

The performance of a control circuit with a linear R-L load is shown in Figure 3, where the load of 
phase ‘a’ is disconnected from time 0.5 to 0.6 second. The variation of grid voltage at PCC (vs), source 
currents of the three phases (is), load current for three phases (iL) and the compensator current (iC) are shown 
in the figure. Moreover, the active and reactive power of load, source and compensator is also represented in 
Figure 4.  
 
 

 
 

Figure 3. Variation of different currents for linear load with load disconnection of phase a between  
0.5 to 0.6 s 
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Further, the control circuit is analyzed for a non-linear load of a diode bridge with R-L branch 
connected at its dc side. The performance of this system is depicted in Figure 5 when the phase ‘a’ load is 
disconnected from 0.5 to 0.6 second. This figure consists of source/grid voltage at PCC (vs), grid current (is), 
output (ya), error signal (ea), active components’ average weight (wavg), weight component corresponds to PI 
controller’s output (wcd), active components total weight (wpt) and dc bus voltage (Vdc). Moreover, the 
waveforms of load current as well as compensator current along with grid voltage, current is represented  
in Figure 6.  

The active and reactive power for source/grid, load and compensator is also shown in Figure 7. It is 
concluded from the figure that the active power to the load (PL) is mainly supplied from the grid as active 
power (PS), whereas the reactive power into the load is majorly supplied by compensator as reactive power.  
A comparison of different parameters is made between linear as well as non-linear load and is shown in 
Table 1. It is clear from the table that, for linear load, the harmonics are less in grid/source voltage, source 
current and load current as compare to the harmonics obtained in the case of non-linear load. The harmonics 
present in source current are 5 % and 6.9 % for linear and non-linear load respectively. While the harmonics 
in load current are 0.1 % and 29.5 % for linear and non-linear load of bridge rectifier respectively. Further, it 
can also be seen from the table that, as the load changes from linear to non-linear, the load power and source 
power changes slightly, while the compensator power remains approximately the same.  
 
 

Table 1. Comparison of different parameters for linear and non-linear load 

Load Type 

Source Voltage 
(Vs) 

Source current 
(A) 

Load Current 
(A) 

Source Power Load Power 
Compensator 

Power 
RMS 
value 
(V) 

THD 
(%) 

RMS 
value 

THD 
(%) 

RMS 
value 

THD 
(%) 

PS 
(W) 

QS 

(VAr) 
PL 

(W) 
QL 

(VAr) 
PC 

(W) 
QC 

(VAr) 

Linear 413.3 3.5 26.0 5.0 31.1 0.1 18230 171 20700 4064 54 -539 
Non linear 413.4 3.8 26.4 6.9 31.2 29.5 18200 255 20900 447 54 -540 

 
 

 
 

Figure 4. Active Power and reactive power 
variation 

 
Figure 5. Variation of different parameters for non-

linear load 
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Figure 6. Load and compensator current for a non-

linear load 

 
Figure 7. Active and reactive power variation for 

non-linear load 
 
 
5. CONCLUSION 

A three-phase adaptive filtering based DSTATCOM system is implemented to mitigate the 
harmonics caused by non-linear load. The active weight component extracted from load current is utilized for 
the gate pulse generation. The system is analyzed for both linear as well as non-linear load connected at PCC 
with a load disconnection of phase ‘a’ for a short period of time. The results for both the cases are compared 
and explained. The obtained results show that the control system is capable to improves many problems 
related to power quality like load unbalancing problem, harmonics in source current and in source voltage. 
The active and reactive power for load, grid and compensator is also explained with the help of a diagram, 
concluding that the active power to the load is mainly fed from the grid, while the reactive power comes from 
the compensator. 
 
 
APPENDIX 

Three phase AC supply: 50 Hz, Line to line Voltage: 415 V, Non-linear load: A diode bridge 
rectifier with R= 15 Ω, L= 10 mH, Interfacing inductors: Li = 1.5 mH, Ripple Filter: Rf = 20 Ω, Cf = 10µF, dc 
link Capacitor: Cdc = 4000 µF, DC PI controller Gain: KP = 0.25 and KI = 0.1, Reference voltage of DC link: 
700 V, Carrier wave frequency: 10 kHz. 
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