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ABSTARCT-These papers propose the nonlinear control of DSTATCOM (distribution
STATCOM) using fuzzy logic based supervision of PI regulator. In this the control methodology
of DC capacitor voltage is regulated using a fuzzy PI controller. However during load change,
there is considerable variation in DC voltage which might affect compensation. In this work the
fuzzy based supervision is proposed to improve transient performance of DC link, which varies
the gain of PI regulator to minimize the error in DC link capacitor voltage during the load
change is obtained. Additionally the harmonic of the load current is reduced below the standard
value.

Keywords-DC link voltage control, fuzzy supervisor, DSTATCOM, symmetrical PI
controller, harmonic analysis, voltage source inverter.

1, INTRODUCTION

The voltage regulation and the power quality in the distribution feeder are improved by
shunt compensator called DSTATCOM. DSTATCOM is the shunt connected reactive power
compensator in distribution system shown is figure 1. The DSTATCOM is modeled to achieve
the power factor correction and voltage regulation along with neutral current compensation,
harmonic elimination and load balancing with linear loads and non-linear loads. In
DSTATCOM, the dc voltage should to be maintaining constant at reference value, whereas
sudden change in load makes the dc voltage to change away from the reference value. The dc
voltage in this is controlled by fuzzy logic controller by minimizing its error. The harmonics in
the power line produce greater power losses in distribution system, which create inference
problem, operation failure of equipment. Additionally harmonic of load current is also reduced in
this paper. In this paper the theory of instantaneous symmetrical component is used because of
its simplicity in formulation and ease of calculation. The fuzzy logic based supervisor varies the
proportional gain and integral gain of the PI controller during the transient period immediately
after the load change. This will improve the performance of controller with faster settling time.
The efficiency of the proposed strategy is proved using detailed matlab simulation design.

Principle of DSTATCOM

Figure: 1 shows the schematic diagram of DSTATCOM. The basic principle of DSTATCOM
in PS is the generation of a AC voltage source by voltage source inverter
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(VSI) connected to a DC capacitor (energy storage device).the DSTATCOM is connected to the
PS at the PCC, using transformer leakage reactance which gives active and reactive power
exchange between PS and the DSTATCOM. Ideally the output voltage of the VSI is in phase

Figure 1: schematic diagram of DSTATCOM

with source voltage. In this the decouple voltage control technique is used as control technique
by abc-dqo frame based technique which offer higher accuracy of control. In this technique abc
determines the 3-phase vector such as (voltage and current) then dqo determines the direct axis
and quadrature 2-phase vector define the real and reactive power transfer between PS and
DSTATCOM.

2, FUZZY LOGIC BASED PI CONTROLER

At steady state, the average power is updated at every half cycle which gets the power
from DSTATCOM as temporarily. This leads to the decrease dc link voltage, if the load is
increased or increase, if the load is decreased respectively. In decoupled technique the PI

Figure 2: Fuzzy Controller Architecture

controller for dc voltage regulation has the control output is given by (1)

Ploss = KP (Vdc
ref - Vdc) + Kiƪ (Vdc

ref - Vdc)dt (1)

Where, Kp is Proportional gain, Ki is Integral gain, Vdc
ref is Reference gain, Vdc actual DC

voltage. For ordinary PI controller after a load change depending on its Kp and Ki value the
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capacitor voltage takes the 6-8 cycle to settle where as the gain is chosen by trial and error
method. In order to perform satisfactory performance for load varying system, further tuning
may be necessary for ordinary PI regulator. Since many processes are complicated and nonlinear,
fuzzy control seems to be better choice. However instead of modifying the control action it is
sufficient to use an additional level of control by supervising the gain of PI regulator for DC
voltage regulation. Some of the main aspect of fuzzy controller design are choosing the right
inputs and outputs and designing each of the four components of the fuzzy logic controller
shown in figure.2.

2.1 Input and Output

The input of the fuzzy supervisor has been chosen as the error in DC voltage and the
change in DC voltage.

Err(i) = Vdc
ref –Vdc(i) (2)

Derr(i) = Err(i) –Err(i-1) (3)

Where, Err(i) is error at ith iteration, Derr(i) is difference of error at ith iteration.

The output of controller has been chosen as the change Kp and Ki value.

Kp = Kpref +ΔKp (4)

Ki = Kiref + ΔKi (5)

Where, Kpref, and Kiref is Reference Proportional and Integral gain respectively. ΔKp and ΔKiv is
change in Kp and Ki given by fuzzy controller.

2.2 Fuzzification

The fuzzification interface the input(crisp value) to a form in which they can be used for
inference mechanism to assign the membership function value[0,1] of triangular, trapezoidal or
exponential. After fuzzification, the inference mechanism do the two membership function are a)
Based on the active membership function from input, the rule for current situation are
determined. b) From the rule, the certainty of the control action is ascertained from the
membership values which are called as premise quantification. Thus at the end of the process, we
shall have a set of rules each with a certain certainty of being valid. The database containing the
rules will determine the output membership function value from the respective rule based
system. The common rule based system used here is IF-THEN process of minimum operation is
used to determine the certainty µpremise.

2.3 Rule base

The rule based system play an important role in the designing of controller. From the typical DC
voltage waveform of figure after an increase in the load without the inherent ripple due to
compensation. The waveform has been split into various parts depending on the sign of error and
change in error.
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Figure 3: typical DC link voltage after a load change

2.4 Defuzzification

the defuzzyfication mechanism consider the rule from inference mechanism which has set of
rules as

Table 1: Rule base Matrix for change in Kp Table 2: Rule matrix for change in Ki

µpremise. From this the numerical value of output (crisp value) as Kp and Ki which is calculated
using ‘center of gravity’. If we use this resultant crisp output sensitive to all of the active fuzzy
outputs of the inference mechanism.

3, SIMULATION DESIGN OF DSTATCOM

The proposed system shown below is 3-phase system of 415v, 50Hz is connected to a linear(3-
phase unbalanced load) and nonlinear load (rectifier with C load).

Figure 4: Simulink model with fuzzy controlled DSTATCOM.
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The DC voltage regulation using fuzzy logic based system is shown below.

Figure 5: fuzzy logic control implementation of DSTATCOM

The figure shown above gives the control of DC voltage by getting the actual value of dc and

Figure 6 membership function for Input and Output

reference value. In this case the fuzzy logic based supervisor is manipulating the gain of PI
controller. The figure.6 shows the fuzzy implemented PI controller deign of input and output are
shown.

Then the two input of controller as error of DC voltage and change in error and their output as
gain of change in Kp and Ki is shown above.

The output of controller has to be added with actual gain of PI controller. The proposed fuzzy
controller is able to compensate the reactive power and suppress the harmonic in load current.
Thus the fuzzy logic controller is more effective for DSTATCOM. With the implementation of
fuzzy logic supervisor the improvement in DC voltage for change in load is given in figure 7(a).
Then output voltage and current for this proposed system is also shown below of figure 7(b).
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Figure 7(a) fuzzy implemented DC voltage              Figure 7(b) load voltage & current

4, CONCLUSION

The fuzzy logic supervisory control to the DC link PI controller in a DSTATCOM has been
proposed. during transient period the supervisor varies the gain of the PI controller which
improve the performance. The performance of DC voltage is analyzed and well control for
change in load. Good compensation has been observed through simulation design. then the load
current THD has been observed under the 5.0% for each phase.
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