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1. Introduction  

My research interests have revolved around micro-inverters used in photovoltaics (PV) applications. 
The main advantages of micro inverters are flexibility and better power harvest from the PV panels. 
The output from several micro-inverters is often fed to the electrical grid. Micro-inverters are 
important to a variety of applications, including solar panels, which are used in the field of grid 
connected and standalone applications by energy companies. My dissertation work, Utility Interface 
Design and Sizing of a Quasi-Eight-Level Inverter for a Wind Power Generation System of the 
Installing Area, focused specifically on multi-cascade inverters; that is, having low total harmonic 
distortion (THD) and software flexibility that is unique. This is a challenging problem for two reasons. 
First, higher quality of voltage, current, power and reliability issues are desired. Lower THD means 
pure signal emission or noise, reduction in heating, core losses in motors and transformers. Second, 
such as in off-grid applications customers can easily store and use the energy, which is being 
produced by the panels. I am starting the next phase of my research, specifically, quantitative 
experimental studies of embedded system.  
 
The most common way of using micro-inverters with the PV is directly fed the power in to grid. 
Power of micro-inverter is low (less than 300W), resulting in low internal temperature and longer 
system service life, moreover fan is not also required [1].  
 
This work proposes a new topology of 250W rated power single-phase system consisted of three-
paralleled micro-inverter, one 2-step forward converter output filter. Then the operating principle is 
analyzed. The 2-step forward converter circuit operates in CCM mode. In addition, the selecting of 
injection inductance and the extraction of quasi 3rd harmonic reference current are described in 
detail. SOGI-PLL feedback method is used in the control system. Finally, the feasibility and 
effectiveness of the new topology is simulated by MATLAB Simulink® and will be experimented 
successfully. 
 

2. Summary of Previous and Current Research 

My thesis work describes design and layout of a special single-phase supply system with high voltage 
quality and low power electronics expenditure through application of a special quasi-eight-level 
inverter output voltage shape with H-bridge circuit configuration. The task is to minimize the number 
of stochastic and unknown parameters influencing the device functionality. First, the different 
possibilities to implement a multilevel inverter for grid and its power supply are explored, pointing 
out the advantages and disadvantages of each solution. Then, an H-bridge-module is designed and 
built. With these modules and together with some innovative concepts a model of a multilayer 
inverter is developed and a set of preliminary measurements are gained. Our new contribution has 
advantages compared to other standard multilevel inverter topologies. Common inverter approaches 
have isolation transformers with delta, star, or zigzag winding connections. The most complex part is 
to determine the needed parameters such as inductance and resistance values of each transformer. 
In this thesis, a common DC bus feeds all the inverters. The transformers are located at the output 
side of the inverters, which the primary sides are connected to each inverter in parallel and the 
secondary sides are connected in series. Grouping of these seven transformers as 1, 2 and 4, total 7 
voltage levels can be produced. Referring to sinus voltage, each group of transformer acts differently 



in one period. Therefore, switching states of these three groups of transformers determine the total 
harmonic distortion and losses of the inverters. Switching frequencies between 4 kHz…20 kHz, are 
the main operation area of the MOSFETs inverter and experimental results show better output 
voltage with the increasing frequencies. These advantages prevent filter implementation, which is 
usually a common solution, and decrease the costs in such kind of systems.  
 
I have introduced a novel multi-cascade inverter algorithm for identifying each inverter that 
represents different switching frequencies from a single DC source. Finally, I have introduced a 
strategy for designing of fault-tolerant cascaded H-bridge multilevel inverter with output-side 
transformers using bidirectional switches.  
 
Current Research As a research fellow at Austrian Institute of Technology (AIT) / Electric Energy 
Systems I have continued this line of study using simulation and testing procedures of different types 
of projects such as Smart Grid Converter Platform - Control board functional block testing plan.  The 
final component of current research is more experimental in nature. Its purpose is to investigate and 
measure the maximum line, load and cross regulation of Offline Power Supply. 
 

3. Future Research  

 
My future work will combine multi-cascade micro-inverter with galvanically isolated DC-DC converter 
model of 2-switch forward converter. It consists of a high-capacity battery pack, inverter, solar panel 
and software all in one easy to use portable package. My research provides several closed loop 
control techniques that greatly show the results of the construction.  
 
The closed loop control algorithm will be performed using the MATLAB Simulink® model. In other 

words, I will study the entire control system, which will be verified on a single-phase pulse-width-

modulation (PWM) converter simulation with a simple DSP-based digital implementation of multi-

cascade inverter. Previous work in multi-cascade inverters with transformers at the output side has 

given lower THD with non-linear loads. The controllers for stand-alone inverter are also tested under 

non-linear conditions (10Ω resistive load, 1mH inductive load and 75mF capacitive load).   
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Figure 1:  (a) The backside of PV panel   (b) The front view of PV panel 
 



The PV system controllers consist of two stages, first stage is for the closed loop control 
(Implementation of Perturb and Observe Maximum Power Point Tracking (MPPT)) of the DC-DC stage 
and the second is for the closed loop control of the DC-AC stage. 
 
The device, shown in Figure 1 (a) and (b), which consists of a 300 W solar panel, a 500 Wh battery, 
converter, will include the inverter, control systems, and a WiFi hotspot.  
 
I also intend to use Second Order General Integrator Phase Locked Loop (SOGI PLL) controller to 
improve output voltage, current and power dynamics between grid and the other inverters as a 
smart in a network. 
 
Furthermore, I will develop an app that offers an overview of the whole system, which includes a 
“Smart Meter”.  
 
Along with company Oekostrom that performed similar work [2], I will develop the first practical 
method for grid-tie inverters having low THD with the help of multi-cascade inverters [3]. My future 
work intends to adapt the multi-cascade inverter system as on-grid system. 
 
Typically, laboratory controlled experiments yield better result data than can be gathered from real 
world, but as an output of this work relatively low THD (<%1) and high efficiency (>94%)) will be 
confirmed. Here again, techniques and methods gained at the AIT can be used to derive also 
theoretical and practical from these experiments. My work shows a significant attention for grid-
connected PV system applications because of improved energy harvest, friendly “Plug-and-Play” 
operation, and enhanced modularity and flexibility. 
 
In summation, this work will have the ability to experience true energy independence with total 
control of power. In addition, National Electric Code limitations on “plug-in” power sources must be 
considered for safe installations. Nevertheless, the demand for an affordable plug and play home 
solar and storage system is almost unlimited. 
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