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ABSTRACT

At present, use of electronics based equipments is increasing because they are
compact, energy efficient and reliability is more compared to other system. But main
problem due these loads are generation of harmonic currents which propagate to other
connected feeders and demand more reactive from AC mains and introduced other
power quality problems. The power quality problem affects electrical utilities and
connected consumer at the end of load. The power quality problems in ac main
include demand of high reactive power, harmonics currents, load unbalancing, poor
voltage regulation due to loading and neutral currents. In the area filtering technology
many solution are available  for compensation of these problem. Moreover, shunt
connected custom power device as DSTATCOM (Distribution Static Compensator) is
more suitable solution for mitigation of these problems. Performance of DSTATCOM
depends upon topology, design of power circuit components and control algorithm
used for generation of reference supply currents. The control of DSTATCOM
depends mainly on the control algorithm for estimation of fundamental components of
load currents which is the major component of reference supply currents. Some of the
new control algorithms are developed for controlling of DSTATCOM in cost
effective and compact size topologies of DSTATCOM. Developed control algorithms
are divided in four categories. These are classical control algorithm, transform based
control algorithm, adaptive theory based control algorithm and ANN based control
algorithm.

In the category of classical control, Implemented control algorithms are Icosine@
control algorithm, CFT (Character Triangle Function) control algorithm, admittance
based control algorithm, LPF (Low Pass Filter) based control algorithm, composite

observer based control algorithm, correction function approach control algorithm,
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power balanced theory based control algorithm, CSD (Current Synchronous
Detection) control algorithm and EPLL (Enhanced Phase Locked Loop) control
algorithm. The performance of control algorithm are analyzed in three phase three
wire system using three leg VSC (voltage source converter) for reactive power

compensation, harmonics eliminations and load balancing.

In the category of transform based control algorithms, implemented control
algorithms with ac mains are IRPT (Instantaneous Reactive Power Theory), ISCT
(Instantaneous Symmetrical Component Theory), SRF (Synchronous Reference
Frame), SRF (Synchronous Reference Frame) with double frequency oscillation
cancellation, single phase PQ theory and WLMS (Weighted Least Mean Square).
Performance of these control algorithm are analyzed in three phase four wire system
using three leg VSC with zig-zag transform for reactive power compensation,

harmonics eliminations, neutral current compensation along with load balancing.

Based on the proposed classification, third category is adaptive theory based control
algorithms. In this category, implemented control algorithm are adaptive sinusoidal
tracer control algorithm, anti-hebbain control algorithm, adaptive filter based control
algorithm, adjustable step size control algorithm, leaky LMS control algorithm, KIML
(Kernel Incremental Metalearning) control algorithm and affine projection control
algorithm in three phase three wire system using three leg VSC for reactive power

compensation, harmonics eliminations and load balancing.

In proposed classification, last category is based on artificial neutral network (ANN)
where estimation of fundamental active and reactive power components of load
currents are based on training of input signals, used functions, constant parameters

and other factors. Implemented control algorithms in this category are BP (Back



Propagation) control algorithm, RBF (Radial Basis Function) control algorithm,
adaptive neural network control algorithm LVQ (Learning Vector Quantization)
control algorithm and neural network based conductance estimation control algorithm.
Performance of these control algorithm are analyzed in three phase three wire system
using three leg VSC for reactive power compensation, harmonics eliminations and

load balancing.

Designed DSTATCOM is used in the conditions of abnormal ac mains such as
distorted ac mains for power factor correction and zero voltage regulation modes of
operation. Performance of some of the proposed control algorithms are simulated and
tested including these distorted voltage ac mains conditions. In these condition, tested
control algorithm are EPLL (Enhanced Phase Locked Loop) control algorithm, and
adaptive filter based control algorithm in the classification of classical control and

adaptive control respectively.

Design and implementation of Multifunction DSTATCOM is also discussed using
four leg VSC topology. Performance of this most effective topology is studied using
classical control, adaptive control and ANN based control algorithm. One of the

proposed control algorithms is implemented from each category.
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Fig. 9.1 (a) Simulation model of the AST control algorithm used for
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MATLAB based Model for estimation of phase ‘a’ amplitude of
active power components of load current.

Simulation model of the KIML control algorithm used for estimation
of reference supply currents

MATLAB based Model for estimation of phase ‘a’ amplitude of
active power components of load current and detail circuit of
incremental learning rate

Simulation model of the Affine Projection control algorithm used for
estimation of reference supply currents

MATLAB based Model for estimation of phase ‘a’ amplitude of
active power components of load current and detail circuit of
variable learning rate

Simulation model of the adaptive filter based control algorithm for
estimation of reference supply currents

MATLAB based Model for estimation of phase ‘a’ amplitude of
active and reactive power components of load current.

Various intermediate signals of AST control algorithm with AC
mains voltages (v;) and load currents (1)

Performance of DSTATCOM controlled by AST control algorithm
under varying linear loads in PFC mode

Performance of DSTATCOM controlled by AST control algorithm
under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)

li



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

9.12

9.13

9.14

9.15

9.16

9.17

9.18

9.19

9.20

9.21

9.22

9.23

9.24

9.25

9.26

9.27

Fig.9.28

Fig.

Fig.

9.29

9.30

supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by AST control algorithm
under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by AST control algorithm
under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of Anti-Hebbain control algorithm with
AC mains voltages (v;) and load currents (i)

Performance of DSTATCOM controlled by Anti-Hebbain control
algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by Anti-Hebbain control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by Anti-Hebbain control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by Anti-Hebbain control
algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (¢) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of adjustable step size control algorithm
with AC mains voltages (vy) and load currents (iz)

Performance of DSTATCOM controlled by adjustable step size
control algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by adjustable step size
control algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by adjustable step size
control algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by adjustable step size
control algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of leaky LMS control algorithm with
AC mains voltages (v;) and load currents (i;)

Performance of DSTATCOM controlled by leaky LMS control
algorithm under varying linear loads in PFC mode

lii



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

9.31

9.32

9.33

9.34

9.35

9.36

9.37

9.38

9.39

9.40

9.42

9.43

9.44

9.45

9.46

9.47

9.48

9.49

9.50

Performance of DSTATCOM controlled by leaky LMS control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by leaky LMS control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by leaky LMS control
algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of KIML control algorithm with AC
mains voltages (vy) and load currents (iy)

Performance of DSTATCOM controlled by KIML control algorithm
under varying linear loads in PFC mode

Performance of DSTATCOM controlled by KIML control algorithm
under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by KIML control algorithm
under varying linear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (¢) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of affine projection control algorithm
with AC mains voltages (vy) and load currents (iz)

Performance of DSTATCOM controlled by affine projection control
algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by affine projection control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by affine projection control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by affine projection control
algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Various intermediate signals of adaptive filter based control
algorithm with AC mains voltages (v) and load currents (iz)

liii



Fig. 9.51

Fig. 9.52

Fig. 9.53

Fig. 9.54

Fig. 9.55

Fig. 9.56

Fig.10.1

Fig.10.2

Fig. 10.3

Fig.10.4

Fig.10.5

Fig. 10.6

Fig.10.7

Fig.10.8(a-d)

Fig. 10.9

Fig.10.10

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under varying nonlinear loads in PFC mod

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC mode

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Extraction of phase ‘a’ reference supply current during load injection
using AST based control algorithm

Performance of DSTATCOM with AST based control algorithm
under linear loads (a-c) iy, izq, ica With vy (d) Ps(e) Pr

Dynamic performance of DSTATCOM with AST based control
algorithm during injection of phase ’a’ in linear loads (a) vy, i, is
and i (b) vge isa, ic, and ip,

Performance of DSTATCOM with AST based control algorithm
under nonlinear loads (a-c) iy, is and i with vy (d-f) iz, iz, and ip.
(g-1) ica, icp and ic. (j-1) Harmonic spectra of iy, iz, and v, (m-o) Ps,
P; and Pc

Performance of DSTATCOM with AST based control algorithm
under unbalanced nonlinear loads (a-c) iy, is» and iz with vy (d-f) iz,

iLb and iLc (g-l) ica, iCb and icc

Dynamic performance of DSTATCOM with AST based control
algorithm during injection of phase ’a’ in nonlinear loads (a) v, is4,
isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa, iCb and iCc (d) Vde isa; iCa
and i,

Dynamic performance of DSTATCOM with AST based control
algorithm during removal of phase ’a’ in nonlinear loads (a) Vs i,
iCa and iLa (b) Vab isa, iCa and iLa-

Extraction of phase ‘a’ reference current during load injection using
anti-hebbain based control algorithm

Performance of DSTATCOM with anti-hebbain based control
algorithm under linear loads (a-c) Ps, P, and P¢

Performance of DSTATCOM with anti-hebbain based control
algorithm under unbalanced linear loads (a-c) iy, i and iz with vy,
(d-f) iLa, iLb and iLc (g-l) ica, iCb and icc

liv



Fig.10.11

Fig. 10.12

Fig.10.13

Fig. 10.14

Fig.10.15(a-d)

Fig. 10.16

Fig.10.17

Fig. 10.18

Fig. 10.19

Fig.10.20

Fig.10.21(a,b)

Fig.10.22

Fig. 10.23

Fig.10.24

Dynamic performance of DSTATCOM with anti-hebbain based
control algorithm during injection of phase ’a’ in linear loads (a) vy,
isa; isb and isc (b) Vab, iLa; iLb and iLc(C) Vab, iCa; iCb and iCc (d) Vde isa;
iLa and ica

Performance of DSTATCOM with anti-hebbain based control
algorithm under nonlinear loads (a-f) iy, is» and is. with v, and their

harmonics (g-1) iy, i1 and iz with v, and their harmonics (m) ic,, (n)
Harmonic spectra of v, (0) Ps

Performance of DSTATCOM with anti-hebbain based control
algorithm under unbalanced nonlinear loads (a-c) iy, is and i, with
Vap (A-1) irq, iy and ize (g-1) ica, icy and ic.

Dynamic performance of DSTATCOM with anti-hebbain based
control algorithm during injection of phase ’a’ in nonlinear loads (a)
Vab, isa; isb and isc (b) Vab iLa; iLb and iLc (C) Vab iCa; iCb and iCc (d) Vdc
isa; iLa and iCa

Extraction of phase ‘a’ reference supply current during load injection
using adjustable step size control algorithm

Performance of DSTATCOM with adjustable step size control
algorithm under linear loads (a-c) Ps, P, and P¢ (d-f) iy, izq,and ic,

Dynamic performance of DSTATCOM with adjustable step size
control algorithm during injection of phase ’a’ in linear loads (a) v,
isa: isb and isc (b) Vab, iLa: iLb and iLc (C) Vab, isa: iCa and iLa (d) Vdc isa:
icgand if,

Performance of DSTATCOM with adjustable step size control
algorithm under nonlinear loads (a-f) iy, iz and i with v, and their

harmonics (g-1) iz, ir» and iz, with v,, and their harmonics (m-0)
Py, Py, and Pc (p)ic, (q) Harmonic spectra of v,y

Performance of DSTATCOM with adjustable step size control
algorithm under unbalanced nonlinear loads (a-c) iy, iy and iz with
Vab (A-1) iL4, i1y and irc (g-1) ica icp and ic.

Dynamic performance of DSTATCOM with adjustable step size
control algorithm during injection of phase ’a’ in nonlinear loads (a)
Vab, isa’ isb and isc (b) Vab iLa: iLb and iLc (C) Vab iCa; iCb and iCc (d) Vde
isa; iCa and iLa

Extraction of phase ‘a’ reference supply current during load injection
using Leaky LMS based control algorithm

Performance of DSTATCOM with Leaky LMS based control
algorithm under linear loads (a-c) Ps P and P¢

Dynamic performance of DSTATCOM with Leaky LMS based
control algorithm during injection of phase ’a’ in linear loads (a) v,
isa: isb and isc (b) Vab, iLa’ iLb and iLc (C) Vab, iCa: iCb and iCc (d) Vdc isa;
icq and iz,

Performance of DSTATCOM with Leaky LMS based control
algorithm under nonlinear loads (a-c) iy, iy and iz, with v, (d-f)

lv



Fig. 10.25

Fig.10.26

Fig.10.27(a-d)

Fig. 10.28

Fig.10.29

Fig. 10.30

Fig. 10.31

Fig.10.32

Fig. 10.33

Fig.10.34(a-c)

Fig.10.35

Fig. 10.36

Fig.10.37

Fig.10.38

harmonic spectra of iy, is and is. (g-1) irs izs and iz (j-1) harmonic
spectra of iz, iz and iz, (m) ic, (n) Harmonic spectrum of v,, (0) Ps
Performance of DSTATCOM with Leaky LMS based control
algorithm under unbalanced nonlinear loads (a-c) iy, is and isc with
Vab (d'ﬂ iLa; iLb and iLc (g'l) iCa; iCb and iCc

Dynamic performance of DSTATCOM with Leaky LMS based
control algorithm during injection of phase ’a’ in nonlinear loads (a)
Vab, isa: isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa; iCb and iCc (d) Vde
Isa, ICa and ILa

Extraction of phase ‘a’ reference current during load injection using
KIML based control algorithm

Performance of DSTATCOM with KIML based control algorithm
under linear loads (a-c) Ps P, and P¢

Dynamic performance of DSTATCOM with KIML based control
algorithm during injection of phase ’a’ in linear loads (a) v, iss, is»
and isc (b) Vab, iLa, iLb and iLc (C) Vab, iCa, iCb and iCc (d) Vde isa: iCa
and iy,

Performance of DSTATCOM with KIML based control algorithm
under nonlinear loads (a-c) iy, iy and ig, with v, (d-f) Harmonic
spectra of iy, isp and i (g-1) ize irp and iz. (j-1) Harmonic spectra of
irg irpand iz, (M-0) icg, icp and ic. (p) Harmonic spectra of vy, (q) Ps

Performance of DSTATCOM with KIML based control algorithm
under unbalanced nonlinear loads (a-c) iy, s and iz with vy (d-f) iz,
iLb and iLc (g-l) iCa, iCb and icc

Dynamic performance of DSTATCOM with KIML based control
algorithm during removal of phase ’a’ in nonlinear loads (a) v, i,
isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa, iCb and iCc (d) Vde isa; iCa
and i,

Dynamic performance of DSTATCOM with KIML based control
algorithm during injection of phase ’a’ in nonlinear loads (a) vg. i,
icsand iz, (b) Vap isa, icoand ip,.

Extraction of phase ‘a’ reference current during load injection using
adaptive filter based control algorithm

Steady state performance of DSTATCOM adaptive filter based
control algorithm at linear lagging pf load in PFC mode (a) P; (b) P,

(C) Pc (d) Vab, isa (e)vbc: isb (f) Veas isc

Dynamic performance of DSTATCOM adaptive filter based control
algorithm at unbalanced linear loads (a) Vs, isa isprisc (D) Vb, iz, irsiLe
(C) Vab, isa; iLa, iCa (d) Vdes isa; iCa, iLa

Steady performance of DSTATCOM adaptive filter based control
algorithm at nonlinear loads in PFC mode (@) vap,isa (b) Vi, isp (C) Vea
isc (d-f) Harmonic spectrum of iy, ip,ise (€) Vab irq (h,1) Harmonic
spectrum of i;, and v,

Dynamic performance of DSTATCOM with adaptive filter based

Ivi



Fig.

10.39

Fig.10.40

Fig.10.41

Fig.

10.42

Fig.10.43

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.44

11.1

11.2(a)

11.2(b)

11.3(2)

11.3(b)

11.4

11.5(a)

11.5(b)

Fig.11.6

Fig.

11.7

control algorithm at unbalanced nonlinear loads (a) vup,isq,isp,isc (D)
Vab, iLa, iLb: iLc(C) Vab, isa: iCa; iLa (d) Vde, isa; iCa; iLa

Steady state performance of DSTATCOM with adaptive filter based
control algorithm at linear lagging pf load in ZVR mode (a) P, (b) P,

(C) Pc (d) Vab, isa (e) Vbe isb (f) Vea isc

Load balancing performance of DSTATCOM with adaptive filter
based control algorithm at unbalanced linear loads in ZVR mode (a-
C) isq, isp and ise With vy, (d-f) iz4, iz and i, (g-1) ica, icp and ic.

Dynamic performance of DSTATCOM with adaptive filter based
control algorithm at unbalanced linear loads (a) Vs, isaispisc (b)
Vde, Vt’ isa: iLa

Steady state performance of DSTATCOM with adaptive filter based
control algorithm at nonlinear load in ZVR mode (a) vap,isa (b) Vie, isp
(€) Ve, ise (d-f) Harmonic spectra of ig,,(€) i, With v, (f,g) Harmonic
spectra of iz, and v,p(h) ic, (1) Ps

Load balancing performance of DSTATCOM with adaptive filter

based control algorithm at unbalanced nonlinear loads in ZVR mode
(a-C) isq, isp and iz with vy, (d-1) izg, izs and ize (g-1) icy, icp and ic.
Dynamic performance of DSTATCOM with adaptive filter based
control algorithm at unbalanced nonlinear loads () Vap, i, isp ise (b)
Vab, iLa; l.Lb; iLc (C) Vab, iCa; iCb; iCc (d) Vde, Vi, isa; iLa (e) Vde, Vi, isa: iLa

MATLAB based model of Back Propagation control algorithm used
for estimation of reference supply currents

MATLAB based model of RBN control algorithm used for
estimation of reference supply currents

MATLAB based model of RBFN control algorithm for estimation of
active power component of phase ‘a’ load current

MATLAB based model of Learning Vector Quantization control
algorithm used for estimation of reference supply currents

MATLAB based model of Learning Vector Quantization control
algorithm for estimation of tuned value of active power components
of load current

MATLAB based model of adaptive neural network based control
algorithm for estimation of reference supply currents

MATLAB based model of neural network based conductance
estimation control algorithm for estimation of reference supply
currents

MATLAB based model of neural network based conductance
estimation control algorithm for conductance estimation as a
physical components of load currents

Various intermediate signals of back propagation control algorithm
with AC mains voltages (v) and load currents (i)

Performance of DSTATCOM controlled by back propagation control

lvii



Fig.11.8

Fig. 11.9

Fig. 11.10

Fig.11.11

Fig. 11.12

Fig.11.13

Fig. 11.14

Fig.11.15

Fig. 11.16

Fig 11.17

Fig. 11.18

Fig. 11.19

Fig.11.20

Fig. 11.21

Fig. 11.22

Fig. 11.23

Fig.11.24

Fig. 11.25

algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by back propagation control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Performance of DSTATCOM controlled by back propagation control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by back propagation control
algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Various intermediate signals of RBFNN control algorithm with AC
mains (v;) and load currents (1)

Performance of DSTATCOM controlled by RBFNN control
algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by RBFNN control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Performance of DSTATCOM controlled by RBFNN control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by RBFNN control
algorithm under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Various intermediate signals of adaline control algorithm with AC
mains voltages (v;) and load currents (i1)

Performance of DSTATCOM controlled by adaline control
algorithm under varying linear loads in PFC mode

Performance of DSTATCOM controlled by adaline control
algorithm under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Performance of DSTATCOM  controlled by adaline control
algorithm under varying linear loads in ZVR mode

Performance of DSTATCOM  controlled by adaline control
algorithm under varying nonlinear loads in ZVR mode

lviii



Fig. 11.26

Fig.11.27

Fig.11.28

Fig. 11.29

Fig. 11.30

Fig.11.31

Fig. 11.32

Fig. 11.33

Fig.11.34

Fig. 11.35

Fig. 11.36

Fig. 11.37

Fig.11.38

Fig.11.39

Fig. 11.40

Fig. 12.1 (a,b)

Fig.12.2

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Various intermediate signals of LQV control algorithm with AC
mains voltages (vy) and load currents (iz)

Performance of DSTATCOM controlled by LQV control algorithm
under varying linear loads in PFC mode

Performance of DSTATCOM controlled by LQV control algorithm
under varying nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Performance of DSTATCOM controlled by LQV control algorithm
under varying linear loads in ZVR mode

Performance of DSTATCOM controlled by LQV control algorithm
under varying nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Various intermediate signals of neural network based conductance
estimation control algorithm with AC mains (vy) and load currents
(i)

Performance of DSTATCOM controlled by neural network based

conductance estimation control algorithm under varying linear loads
in PFC mode

Performance of DSTATCOM neural network based conductance
estimation control algorithm under varying nonlinear loads in PFC
mod

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode

Performance of DSTATCOM neural network based conductance
estimation control algorithm under varying linear loads in ZVR
mode

Performance of DSTATCOM neural network based conductance
estimation control algorithm under varying nonlinear loads in ZVR
mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply  current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode

Extraction of phase ‘a’ reference supply current during load injection
using Back Propagation control algorithm

Performance of DSTATCOM with Back Propagation control

lix



Fig. 12.3

Fig.12.4

Fig.12.5

Fig. 12.6 (a-d)

Fig.12.7

Fig. 12.8

Fig. 12.9

Fig. 12.10

Fig. 12.11

Fig. 12.12 (a-
b)

Fig.12.13

Fig. 12.14

Fig. 12.15

Fig.12.16

algorithm wunder linear loads (a-c) is, iz and ic, (d,e) Ps, Pr (f)
harmonic spectra of iy,

Dynamic performance of DSTATCOM with Back Propagation
control algorithm during injection of phase ’a’ in linear loads (a) v,
isa: isb and isc (b) Vab, iLa: iLb and iLc (C) Vab isa; iCa and iLa (d) Vdc isa:
icgand if,

Performance of DSTATCOM with Back Propagation control
algorithm under nonlinear loads (a-c) iy, i and iz, with v, (d-f) iz,
iz and iy (g-1) Harmonic spectra of iy, iz, and v (j-1) icq, icp and ic,

Dynamic performance of DSTATCOM with Back Propagation
control algorithm during injection of phase ’a’ in nonlinear loads (a)
Vab, isa: isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa; iCb and iCc (d) Vdc
Isa» ICa and Ira

Extraction of phase ‘a’ reference current during load injection using
RBFN Control algorithm

Performance of DSTATCOM with RBFNN Control algorithm under
linear loads (a-c) Ps, P, and P¢

Dynamic performance of DSTATCOM with RBFNN Control
algorithm during injection of phase ’a’ in linear loads (a) vup, isa, is»
and iz (b) Vap, ira, ip and ize (€) Vap, ica, icy and ice (d) vae isq, iro and
iCa

Performance of DSTATCOM with RBFNN Control algorithm under
nonlinear loads (a-c) iy, is» and is. with v, (d-f) Harmonic spectra of
Isa, isp and iy, (g-1) irq irp and iz, (j-k) Harmonic spectra of iz, and v,
(1) iCa;

Performance of DSTATCOM with RBFNN Control algorithm under
nonlinear loads (a-c) isq, isp and is. with vy, (d-1) iz, irs and iz. (g-1) ic,
icp and i¢c. (j-k) Harmonic spectra of iy, and iz,

Dynamic performance of DSTATCOM with RBFNN Control
algorithm during removal of phase ’a’ in nonlinear loads (a) v, i,
isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa, iCb and iCc (d) Vde isa; iCa
and i,

Fig. 12.12 (a-b) Extraction of phase ‘a’ reference current during load
injection using LVQ Control algorithm

Performance of DSTATCOM with LVQ Control algorithm under
linear loads (a) Ps with v, and is. (b) P, with v, and i), (¢c) Pc with
Vab and icc

Performance of DSTATCOM with LVQ Control algorithm under

unbalanced linear loads (a-c) iy, is» and iz with vy (d-f) iz, i and if.
with vy (g-1) ica, icp and ic. with v,

Dynamic performance of DSTATCOM with LVQ Control algorithm
during injection of phase ’a’ in linear loads (a) v, iy, is» and i (b)
Vab, iLa; iLb and iLc (C) Vdc isa; iLa and iCa (d) Vab l‘sa; iLa and iCa

Performance of DSTATCOM with LVQ Control algorithm under

Ix



Fig.12.17

Fig. 12.18

Fig.12.19(a-b)

Fig.12.20

Fig. 12.21

Fig.12.22

Fig.12.23

Fig.12.24

Fig. 12.25

Fig.12.26(a-b)

Fig.12.27

Fig. 12.28

Fig. 12.29

Fig. 12.30

nonlinear loads (a) iy, with vy (b) iz, With v, (¢) ic, With vy, (d-f)
Harmonic spectra of iy, iz, and v,

Performance of DSTATCOM with LVQ Control algorithm under
unbalanced nonlinear loads (a-c) iy, is and ise with vy, (d-f) ize, inp
and iz with vy (g-1) ica, icp and ic. with vy

Dynamic performance of DSTATCOM with LVQ Control algorithm
during removal of phase ’c’ in nonlinear loads (a) v, isq, is» and iy
(b) Vab iLa, iLb and iLc (C) Vab iCa; iCb and iCc (d) Vdc isc: iLc and iCc

Extraction of phase ‘a’ reference current during load injection using
ADALINE Control algorithm

Performance of DSTATCOM with ADALINE Control algorithm
under linear loads (a-c) iy, iz, and ic, (d-f) Ps, P, and Pc (g-h)
harmonic spectra of v, and iy,

Dynamic performance of DSTATCOM with ADALINE Control
algorithm during injection of phase ’a’ in linear loads (a) vup, ise, is»
and iz (b) Vap, ira, ip and ize (€) Vap, ica, icy and ice (d) Vae isa, iro and
iCa

Performance of DSTATCOM with ADALINE Control algorithm
under nonlinear loads (a-c) iy, iy and iz, with v, (d-f) Harmonic
spectra of iy, iy and iy (gh) i, and their harmonic spectrum (i)
Harmonic spectra of vy (j, k) Ps and i¢,

Performance of DSTATCOM with ADALINE Control algorithm
under unbalanced nonlinear loads (a-c) iy, iy and is. with v, (d-f) icy,
icp and ice (g-1) irg, irp and iz.

Dynamic performance of DSTATCOM with ADALINE Control
algorithm during injection of phase ’a’ in nonlinear loads (a) v, i,
isb and isc (b) Vab iLa, iLb and iLc (C) Vab iCa, iCb and iCc (d) Vde l‘sa, iLa
and ic,

Dynamic performance of DSTATCOM with ADALINE Control
algorithm during removal of phase ’a’ in nonlinear loads (a) v i,
iCa and iLa (d) Vab isa, iCa and iLa-

Extraction of phase ‘a’ reference current during injection using
Kohenen Learning Control algorithm

Performance of DSTATCOM with Kohenen Learning Control
algorithm under linear loads (a-c) Ps, P, and P¢

Performance of DSTATCOM with Kohenen Learning Control
algorithm under unbalanced nonlinear loads (a-c) iy, is» and i, with
Vab (d-f) ica, iCb and icc (g-l) iLa; iLb and iLc

Dynamic performance of DSTATCOM with Kohenen Learning
Control algorithm during injection of phase ’a’ in linear loads (a) vy,
isa; isb and l‘sc (b) Vab, iLa, iLb and iLc (C) Vab, iCa, iCb and iCc (d) Vdc isa;
ica and iLa

Performance of DSTATCOM with Kohenen Learning Control
algorithm under nonlinear loads (a-c) iy, i and i, with v, (d-f)

Ixi



Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12.31

12.32

12.33

13.1

13.2

13.3
13.4
13.5

13.6

13.7

13.8

13.9

13.10

13.11

13.12

13.13

13.14

Harmonic spectra of iy, i and is (g-1) iz, izp and iz, (j,k)Harmonic
spectra of iz, vap (1) ics, (M-0) Ps, Py and Pc
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Dynamic performance of DSTATCOM with Kohenen Learning
Control algorithm during injection of phase ’a’ in nonlinear loads (a)
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Dynamic performance of DSTATCOM with Kohenen Learning
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Schematic diagram of four-leg DSTATCOM

MATLAB Based model of four leg DSTATCOM with 3phase 4 wire
system.

MATLAB Based model of four leg VSC used as DSTATCOM
MATLAB Based model of gating scheme for fourth leg of VSC

Schematic diagram of developed four leg VSC based three phase
four wire DSTATCOM

Developed three-phase four-leg VSC based DSTATCOM in
laboratory environment

Performance of DSTATCOM controlled by EPLL control algorithm
under linear loads in PFC mode

Steady state performance of DSTATCOM with EPLL control
algorithm under linear loads (a-¢) iy, isp ise (d-f) iz irp, ire (g-1) icq,
icp, icc (J-1) Per phase Ps, Py and P¢ (m) iy,

Dynamic performance of DSTATCOM with EPLL control algorithm
under hnear loads (a) Vab, isa; l‘sb; l‘sc (b) Vab, iLa; iLb; iLc (C) Vab, isa; l‘sn; iLn (d)
Vde, isa; iCa; iLa

Performance of DSTATCOM controlled by EPLL control algorithm
under nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c¢) load current of phase ‘a’ in PFC
mode.

Steady state performance of DSTATCOM with EPLL control
algorithm  under nonlinear loads (a-c) iy, is is (d-f) Harmonic
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Dynamic performance of DSTATCOM with EPLL control algorithm
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Performance of DSTATCOM controlled by EPLL control algorithm
under linear loads in ZVR mode
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Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
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mode.

Performance of DSTATCOM controlled by adaptive filter based
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Dynamic performance of DSTATCOM with adaptive filter based
control algorithm under unbalanced linear loads (a) Vap,ise,isp ise (b)
Vab, iLa; l.Lb; iLc (C) Vab, isa: isn: iLn (d) Vde, isa: iCa: iLa

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode.

Steady state performance of DSTATCOM with adaptive filter based
control algorithm under nonlinear loads (a-c) iy, i i (d-f)
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Steady state performance of DSTATCOM with adaptive filter based
control algorithm under nonlinear loads (a-c) i, i i (d-f)
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Performance of DSTATCOM controlled by adaptive filter based
control algorithm under linear loads in ZVR mode

Performance of DSTATCOM controlled by adaptive filter based
control algorithm under nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’
(b) supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode.

Performance of DSTATCOM controlled by adaline control
algorithm under linear loads in PFC mode

Steady state performance of DSTATCOM with adaline control
algorithm under linear lagging pf load (a) P, (b) Py (c) P, (d-f) iy, is,
isc (g-1) irq irp, irc (j,k) Harmonic spectra i, and vg, (1) iy

Dynamic state performance of DSTATCOM with adaline control
algorithm at unbalanced nonlinear loads (a) Vb iseisnise (D)
Vab, iLa: iLb’ iLc (C) Ve, isa’ iCa: iLa (d) Vab, isn’ iCm iLn

Ixiii



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.31

13.32

13.33

13.34

13.35

13.36

13.37

13.38

Performance of DSTATCOM controlled by adaline control
algorithm under nonlinear loads in PFC mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in PFC
mode.

Steady state performance of DSTATCOM with adaline control
algorithm under nonlinear loads (a-c),is,is,isc (d-f) Harmonic
spectra of i, isp,isc (g-1), irairpire (j) Harmonic spectra iy, (k) ic, (1),
is» (m) Harmonic spectrum of vy, (n) P;

Steady state performance of DSTATCOM with adaline control
algorithm under nonlinear loads for load balancing (a-c),iy, is, ise
(d-0), ire irp ire (g-1), ice ich icdj) Harmonic spectra iz, (k)
Harmonic spectrum of vy,(1) is,

Dynamic state performance of DSTATCOM with adaline control
algorithm at wunbalanced nonlinear loads () Vupiseispisc (D)
Vab, iLa; l.Lb; iLc (C) Vde, isa; iCa; iLa (d) Vab, isn; iCn; iLn

Performance of DSTATCOM controlled by adaline control
algorithm under linear loads in ZVR mode

Performance of DSTATCOM controlled by adaline control
algorithm under nonlinear loads in ZVR mode

Waveforms and harmonic spectra of (a) PCC voltage of phase ‘a’ (b)
supply current of phase ‘a’ (c) load current of phase ‘a’ in ZVR
mode.

Ixiv



Table 5.1
Table 13.1
Table G.I
Table G.II
Table G.III
Table G.IV

LIST OF TABLES

System Parameter (Three Phase Four Wire)

System Parameter (Three Phase Four Wire)

Comparison of Various Classical Control Algorithms
Comparison of Various Transform Based Control Algorithms
Comparison of Adaptive Theory Based Control Algorithms
Comparison of Various ANN Based Control Algorithms

Ixv



	Sabha Raj Arya.pdf
	a1
	a1
	a2
	a3

	a2
	c1
	c2
	c3
	c4
	c5
	c6
	c7
	c8
	c9
	d1
	d2
	d3
	d4
	d5

	a3
	b1
	b2
	b3
	b4
	b5



