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ABSTRACT 

The rapidly vanishing conventional energy sources (fossil fuels) have put an alarming energy 

crisis situation in front of the world. Moreover, the deteriorating environmental conditions have 

moved the world’s attention towards nonconventional green energy sources. Amongst various 

available renewable energy sources, the solar PV (Photovoltaic) generation systems are gaining 

importance because of the abundance of sun, low maintenance, modular structure and the 

possibility of small generation plants at the rooftops. The solar PV generation systems can be 

broadly classified into two main categories, which are standalone and grid interfaced systems. 

The energy storage systems (generally batteries) are the inherent requirement of the standalone 

systems to match the instantaneous power balance, which adds to the extra cost and frequent 

maintenance in the standalone system. Therefore, battery-less grid interfaced solar PV generation 

systems are more preferred where the grid is available.  

The increasing energy crisis has not only given promotions to renewable energy sources 

but also the efficient electrical equipment. Most of these equipment use power converters to 

achieve high efficiency and compact structure. However, the rapid increase in power converter 

based loads, has given rise to serious power quality problems such as poor power factor, 

harmonics in AC mains current, neutral current, voltage distortion etc. in the distribution 

network. Therefore, the energy crisis and the power quality problems are the two prime issues of 

the modern distribution network.  

Moreover, the nonlinear power-voltage characteristic of solar PV array, which magnitude 

depends on uncertain solar irradiation and environmental temperature, creates a complex 

situation to operate the solar power generation at the maximum power point (MPP). In this 

situation, the panel situation and location also play an important role. The panel in open space, 

where no any obstacle is in between the sun and panel, their power-voltage characteristic of solar 

PV array consists of a single peak, and the change in solar irradiation impacts uniformly on 

every solar cell. However, if any obstacle is present in between the panel and sun, which shadow 

partially falls on the panel, their power-voltage characteristic of solar PV array consists of 

multiple peaks and the change in solar irradiation impacts non-uniformly (Partially-Uniformly) 

on every solar cell. Moreover, since the sun is continuous rotation, so the pattern of solar PV 

array characteristic also changes with time. In this situation, it requires a MPP tracking (MPPT) 
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or MPP searching algorithm, which quickly finds out the MPP operating point as well as forces 

the solar PV array to operate at MPP. Therefore, for optimal and efficient operation, a rapid and 

adaptive MPPT technique for uniformly shaded solar PV array condition as well as, a small 

population with quick conversion and accurate global MPP (GMPP) searching technique for 

partially shaded solar PV array conditions, are required, which are the prime issues of the 

modern maximum power extraction technique from the solar PV array.  

Therefore, this research work presents a novel “self-adaptive hill climbing (SAHC)” 

MPPT algorithm for maximum power harvesting (MPH) from the uniformly shaded solar 

photovoltaic array, which has inherent decision taking and self-adaptive ability. The working 

principle of SAHC MPPT algorithm is based on three consecutive operating points on the power-

voltage characteristic. These points, smartly detect the dynamic condition, as well as, in normal 

condition, search the maximum power peak (MPP) zone. Moreover, the used of a triangular 

analogy, decides the optimum operating position for the next iteration, which is responsible for 

quick MPP tracking as well as good dynamic performance.   

Moreover, a novel “human psychology optimization (HPO)” algorithm is developed, 

which is based on psychological and mental states of an ambitious person. HPO algorithm is 

used for GMPP searching (GMPPS) in partially shaded solar PV array conditions. Here, the 

requirement of a population of the searching agent is less as well as, the convergence behavior is 

very fast and accurate, which are the essential requirements of the GMPPS algorithm.  

In this work, after extracting maximum possible power from the solar PV array, by using 

DC-to-AC voltage source converter (VSC), it is fed to the local loads and the grid. For optimal 

operation of VSC, an efficient control technique is needed. The prime objective of the control 

technique is that the generated solar power is supplied to the nearby loads and, after satisfying 

the load demand, the rest power is supplied to the grid. However, when generated solar power is 

not sufficient for the load, then the load requirement is met by taking extra required power from 

the grid. In this process, the responsibilities of the control technique, are power factor correction, 

harmonics filtering and mitigation of other power quality issues. 

This research work mainly focuses on the investigations of solar PV generation systems 

connected to the distribution network. The problem of voltage fluctuations, is quite common in 

the weak distribution network. Therefore, simple, intuitive and improved control algorithms for 

the PV inverters, are developed such that the PV inverter is capable of operating under a wide 



ix 
 

range of voltage variation. The ANOVA kernel stochastic gradient descent (AKSGD) based 

adaptive control technique for weak grid environment, and decoupled adaptive vectorial filter 

(DAVF) based adaptive control for stiff grid environment, are developed for optimal integration 

of solar PV energy conversion system. All the MPPT algorithms and control techniques are 

simulated in MATLAB based environment, and the laboratory prototypes of them, are built to 

validate the simulation results. These PV inverters feed the sinusoidal currents at unity power 

factor with respect to PCC (Point of Common Coupling) voltage. In case of two-stage PV 

inverters, an adaptive DC link voltage-based control structure is presented, which has shown 

improvement in the performance in terms of reduction of switching losses, high-frequency ohmic 

losses and reduction of ripple content in the output current. Moreover, a single input fuzzy logic 

controller is developed for online gain tuning of PI controller, which improves the dynamic 

performance of the system. In addition, the solar PV energy is not available almost two third 

period of the day in a typical solar PV generating system, and its power converter is not utilized 

when there is no solar PV energy, and normally it is switched off in order to reduce its losses. 

This leads to poor utilization of the power converters involved in the grid interfaced solar PV 

system. Therefore, in order to improve the utilization factor of the solar PV generation system, 

multifunctional solar PV energy conversion system (SPECS) is proposed in this work. The 

multifunctional SPECS is the ones, which not only feeds the solar PV energy into the grid but 

also helps in power quality improvement at the PCC. In these multifunctional SECS, the grid-

tied VSC not only serves for transferring the generated solar PV power into the distribution 

network but also for additional features such as harmonics mitigation, reactive power 

compensation, grid currents balancing etc.  

The performances of MPPT algorithms, adaptive control techniques, online tuned PI 

controllers, are found satisfactory for all the features of the multifunctional SPECS, where all 

types of adverse situations are considered, such as different types of solar irradiation change 

condition, load unbalancing, grid over-voltage, under-voltage, voltage unbalance, and distorted 

grid voltage conditions. Moreover, the performance improvement is achieved in terms of less 

MPP tracking time, accurate achievement of true MPP, unity power factor operation in all types 

of adverse situations, reactive power support during zero solar irradiation, reduction of losses 

and mitigation of ripples in the grid currents. 
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US-SPVA Uniformly Shaded Solar PV Array 

VSC Voltage Source Converter 
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LIST OF SYMBOLS 

α Open circuit voltage rating of the PV array 

α1 Ideality factor of diode-1 

α2 Ideality factor of diode-2 

β PV array power rating at MPP 

β' Boltzmann constant 

β" Optimal duty cycle 

βDC Loss component 

 ,i
jD

t   Influence factor 

η
s
 Number of series solar cells 

η
p
 Number of parallel solar cells 

ηf Representation of error distance 

ν Optimal step size 

ν' Working irradiation 

ν
ref

 Reference irradiation 

lcA Percentage peak to peak ripple allowed in the IPV 

lcv Percentage peak to peak ripple allowed in the VPV 

r Percentage peak to peak ripple allowed in the boost inductor 

DC Percentage ripple allowed in the DC link voltage 

μ Excitement factor 

p Designed parameter 

μpa(n), μpb(n), μpc(n),   Designed parameter of phase-a, phase-b and phase-c 

ω Grid frequency 

ω' PV array voltage rating at MPP 

Ω Leaky learning rate 

Ω’ TA angle 

€ Change in power due to movement of one particle 

ħ Length factor 

ξ' Length of baseline 

ξCl Californian efficiency 

ξEu European efficiency 



 

xxxviii 
 

ξ(
i
jD

 ,t) Consciousness factor 

ξpa,  ξpb, ξpc Active weight of phase-a, phase-b and phase-c 

ξp Resultant estimated active weight component 

ξlp

 

Active load power component 

ξ Feature map 

σ Slope of the baseline 

σpa(n) Autocorrelation factor 

σpa(n), σpb(n), σpc(n), Autocorrelation factor of phase-a, phase-b and phase-c 

Φ Angle of δ 

Φp Net active power component 

δ Length of the line 

λ1 Random numbers 1 

λ2 Random numbers 2 

 Expected rate of change 

Ψ Spirit factor 

ϑL Lowe limit of difference 

ϑU Upper limit of difference 

τ and ϛ Accelerating parameters 

φ Improved leakage component 

ϕape , ϕbpe,  ϕcpe Prediction error of phase-a, phase-b and phase-c 

IPV Peak to peak ripple current  

IPVc Solar PV Current ripple 

VPVc Solar PV Voltage ripple 

ΔVref1new New step size in iteration-1 

ΔVPV Change in voltage 

ΔVref Fractional step change 

ΔVrefNew New step size 

ΔPPV Change in power 

ΔP Change in power 

Δ₰max Maximum change in power during every iteration 

Δ₰max, new New maximum change in power during every iteration 

Aa

 

Amplitude fundamental components  
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Af Fuzzy set 

A(n) Stability matrix 

Cr Ripple filter capacitance 

CPV The link capacitor 

djk
i
 K

th
 searching agent of j

th
 population during i

th
 iteration 

Dj
i
 Set of variables of j

th
 population during i

th
 iteration 

Dmax Maximum duty ratio 

Dk
j
 Duty cycle generated by k

th
 population during j

th
 iteration 

Dmin Minimum duty ratio 

DPV Duty cycle 

DBy Bypass diode 

DBL Blocking diode 

eDC DC link error 

fsw Switching frequency 

f1-f7 Unimodal benchmark functions 

f8-f13 Under multimodal benchmark functions 

f14- f23 Under fixed-dimension benchmark functions 

‖ f ‖ Nearest integer to f 

Gp Proportional gain 

GI Integral gain 

h Upper and lower hysteresis band 

Impp Current at MPP 

I
s
 Output current of the solar cell 

I
H
 Photovoltaic current of the solar cell 

Isc Short circuit current 

I
1d

 Cell reverse saturation current of diode-1 

I
2d

 Reverse saturation current of diode-2 

I
sc

 Short circuit current of the solar cell 

IPV Solar PV current 

ImppA MPP current of PV array 

Icbat Rating of battery charging current 

I Total number of iteration 



 

xl 
 

IPV(Dk
j
) SPV Current corresponding to the Dk

j
 

max,peakVSCI  Maximum peak current rating 

iga, igb, igc Grid current of phase-a, phase-b and phase-c 

iLa, iLb, iLc Load current of phase-a, phase-b and phase-c 

Ipv PV current 

IDpv Pv dynamic reflection component 

iga*,igb*, igc* Reference grid currents of phase-a, phase-b and phase-c 

I Identity matrix 

J Total number of population 

K Total number of variables 

κ
i
 Short circuit current coefficients of temperature 

κ
v
 Open circuit voltage coefficients of temperature 

KG Kernel function 

Kpf

 

Fuzzy generated proportional gain 

KIf

 

Fuzzy generated integral gain 

k’, k”, k0  

 

Clarke’s transformation of ila, ilb and ilc 

ka’, ka”

 

Output α, β component of DAVF for ila, ilb and ilc 

kf Filter constant 

L Large of ηf 

Lpf Large, output value for kpf 

LIf Large value for kif 

L’ Lesson factor 

Lo Value of inductance 

l’, l”, l0 Clarke’s transformation of vsa, vsb and vsc 

la’, la” Output α, β component of DAVF for vsa, vsb and vsc 

mjk
i
 The best achieved value of k

th
 searching agent  of j

th
 population upto the i

th
 iteration 

MIf Medium value for kif 

Mpf Medium, output value for kpf 

M Medium of ηf 

Np Amplitude of input signals 

N Inspiration factor 

PmaxA MPP power of PV array 
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PPresent Present power 

P
1

Past or P
2

Past Past power 

P
i
Dji Fitness function due to Dj

i
 for j

th
 population during i

th
 iteration 

Pmax Maximum PV power 

Pmin Minimum PV power 

Pn Nominal power 

Pn Nominal power 

Pn Amount of power 

PPV(Dk
j
) SPV Power corresponding to the Dk

j
 

q Charge of an electron 

Req Equivalent resistance 

LL
 LL matrix of real number 

Rr Ripple filter resistance 

Req Equivalent resistance 

r
p
 Equivalent series resistance of the solar cell 

r
sh

 Equivalent parallel resistance of the solar cell 

S Self motivation Factor 

Sk Short circuit power 

S1 Gate pulse of switch 1 in VSC 

S2 Gate pulse of switch 2 in VSC 

S3 Gate pulse of switch 3 in VSC 

S4 Gate pulse of switch 4 in VSC 

S5 Gate pulse of switch 5 in VSC 

S6 Gate pulse of switch 6 in VSC 

si and sj All samples 

Ss Input space 

Sk Short circuit power 

S Small of ηf 

Spf Small, output value for kpf 

SIf Small value for kif 

TL Too large of ηf 

TSpf Too small, output value for kpf 



 

xlii 
 

TS Too small of ηf 

TLpf Too large, output value for kpf 

TSIf Too small value for kif 

TLIf Too large value for kif 

Ts Settling time 

Tsw Switching time 

t
w
 Cell's working  temperature 

t
ref

 Cell's reference temperature 

U
t
 Thermal voltage of the diode 

U
t1
 Thermal voltage of the diode-1 

U
t2
 Thermal voltage of the diode-2 

U
oc

 Open circuit voltage of the solar cell 

U Photovoltaic voltage of the solar cell 

Ueq Nominal voltage 

ua, ub, uc

 

Unit templates of phase-a, phase-b and phase-c

 

ua(n) Eigenvector 

uaj Unit template for phase-a, during j
th

 iteration 

ua(n-j) Unit template for phase-a, at (n-j)
th

 instant 

Ueq Nominal voltage 

Uf Number of information 

Voc Open circuit voltage 

VT Optimum voltage 

Vmpp Voltage at MPP 

VPV Solar PV voltage 

VSIf Very small value for kif 

VLIf Very large value for kif 

Vref Reference voltage 

v’”α, v’”β Output α, and β component of DAVF 

v”’αβ Output αβ component of DAVF 

vsab PCC line a-b voltages 

vsbc PCC line b-c voltages 

Vx Estimate the amplitude of phase voltages 



 

xliii 
 

vsa, vsb , vsc PCC phase voltage of phase-a, phase-b and phase-c 

va, vb , vc Filtered PCC phase voltage of phase-a, phase-b and phase-c 

Vx Amplitude of phase voltage 

VS Very small of ηf 

VL Very large of ηf 

VDCref Reference DC link voltage 

VDC DC link voltage 

VLpf Very large, output value for kpf 

VSpf Very small, output value for kpf 

Vnbat Voltage of the battery rating 

VmppA MPP voltage of PV array 

VPV(Dk
j
) SPV Voltage corresponding to the Dk

j
 

Vs Grid voltage 

VOCA Maximum possible voltage 

VDCmin Minimum voltage level of DC bus 

Vsmin Lowest allowable AC side voltage 

Xeq Equivalent reactance 

Xeq Equivalent reactance 

yf* Defuzzified output 
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