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ABSTRACT 

Cross-regulation problem and power dissipation due to multiple switching are 

mostly encountered among single-input multiple outputs (SIMO) converters. In 

present research, a SIMO flyback converter is designed and developed to evaluate the 

effect of switching frequency and overcome cross-regulation error. The developed 

converter system has four output levels of 24 V, 12 V, 9 V and 5 V  and contains 

minimum number of components with low cost (USD20) and power dissipation 

(<2%). Ferrite-core transformer is used to generate four output voltage levels. All the 

four windings are wound around a common core and the developed system provides 

high efficiency and reduce dissipations. As voltage is applied at the primary coil, a 

magnetic field is generated around the core due to mutual inductance. The magnetic 

field strength induced into the core depends on the number of turns, current and voltage 

in the winding. The percentage error at the outputs of the SIMO converter is more on 

terminals with less number of windings; the higher the voltage the less the error. The 

average switching frequency 𝑓𝑠𝑤 against 𝑘 (a control parameter for switching 

frequency) is notably higher with lower 𝑘. However, for small 𝑘, (i.e. at high switching 

frequency), the voltage regulation is tighter and more accurate. Therefore, 0.1 < 𝑘 <

0.2 has been set and the regulation error are limited to < 1%. The switching and 

control techniques operate at an average switching frequency of 199 kHz with small 

frequency fluctuations and output voltage ripples around 10 mV (i.e <

0.1% of 𝑉0) under nominal conditions of 𝑉𝑖 = 12 V. Efficiencies of 97%, 97.3%, 

98.2% and 98.4% have been obtained across the four terminals for 24 V, 12 V, 9 V 

and 5 V respectively. 
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ABSTRAK 

Masalah pengawalaturan-silang dan pelesapan kuasa disebabkan oleh 

pensuisan berganda kebanyakannya ditemui di penukar input-tunggal output-berganda 

(SIMO). Dalam kajian ini, penukar terbang balik SIMO direka dan dibangunkan untuk 

menilai kesan frekuensi pensuisan dan mengatasi ralat pengawalaturan-silang. Sistem 

penukar yang dibangunkan mempunyai empat aras keluaran iaitu 24 V, 12 V, 9 V dan 

5 V dan mengandungi komponen yang berkos rendah (USD 20) dan pelesapan kuasa 

(<2%). Transformer teras ferit digunakan untuk menjana empat voltan keluaran. 

Kesemua empat belitan dilititkan di sekeliling teras yang sama dan sistem yang 

dibangunkan memberi kecekapan tinggi dan mengurangkan pelesapan. Oleh sebab 

voltan dikenakan di gegelung utama, medan magnet dijana di sekitar teras kerana 

aruhan saling. Kekuatan medan magnet yang diaruh ke teras bergantung pada bilangan 

lilitan, arus dan voltan dalam lilitan. Peratusan ralat pada keluaran penukar SIMO lebih 

banyak pada terminal dengan kurang bilangan lilitan; semakin tinggi voltan semakin 

kurang ralat. Purata frekuensi pensuisan 𝑓𝑠𝑤 kepada 𝑘 (parameter kawalan untuk 

frekuensi pensuisan) adalah lebih tinggi pada 𝑘 yang lebih rendah. Walau 

bagaimanapun, pada 𝑘 yang lebih rendah (frekuensi pensuisan tinggi), pengawalaturan 

voltan lebih rapat dan lebih tepat. Oleh itu, 0.1 < 𝑘 < 0.2 telah diatur dan ralat 

pengawalaturan dihadkan kepada < 1%. Teknik pensuisan dan kawalan beroperasi 

pada frekuensi pensuisan sekitar 199 kHz dengan turun naik frekuensi yang kecil dan 

voltan riak keluaran sekitar 10 mV (< 0.1% daripada 𝑉0) di bawah keadaan nominal   

𝑉𝑖 = 12 V. Kecekapan 97%, 97.3%, 98.2% dan 98.4% diperolehi merentas empat 

terminal 24 V, 12 V, 9 V dan 5 V. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction  

A complete photovoltaic (PV) system consists of three basic units; PV panel, 

converter/inverter unit and the storage unit. The PV unit constitutes of PV cells which 

are connected together and generate Direct Current (DC) [1]. The converter/inverter 

unit changes the low level DC voltage supplied by the PV panel into high level 

DC or AC [2]. To improve the PV system’s design flexibility and energy production 

abilities, DC − DC converters are connected at the centre between the PV panels and 

the inverter which  provides voltage amplification [3]. DC − DC converter is generally 

being applied for the sole purpose of changing the unregulated DC into a regulated and 

controlled DC output at desired voltage levels [4]. The storage unit comprises of the 

battery that provides short-term to medium-term power saving by applying match 

between power density and energy density to meet the PV system’s storage demand 

[5].  

 

There are two basic forms of electrical energy transmission used; Direct 

Current (DC) and Alternating Current (AC) [6]. Each having its specific field of 

application. Due to its ability to give a constant low or constant high voltage, most 

digital gadgets and appliances nowadays are designed to work on (DC) power [7]. In 

common practice, the available power on the grid or off-grid is Alternating Current 

(AC) and electric infrastructure around the world is based on (AC) voltage with a few 

exceptions. Therefore, the Direct Current (DC) provided by Solar PV modules needs 

to be converted to (AC) to make it useful [8]. Inverters circuits are used to change the 

DC signal (from solar panel or batteries) into AC signal. The DC generated by either 

the PV cells or batteries is feed to small electronic appliances (loads), especially in off-

grid applications. The DC from photovoltaic source must be converted to AC  using for 



2 

grid-connected inverters before it can be sold to electric utilities or be used for 

commercial applications. 

 

As mentioned earlier, for most of the low power devices (house hold devices) 

runs on DC current as most of these gadgets invloved built-in circuitry to convert AC 

to DC current. As such, it is now a vital issue to develop methods and means to 

transform and regulate either DC − DC, DC − AC or AC − DC conversion in an 

efficient and most profitable manner. Without this ability, the utilization of devices 

would be restricted to the only available power form. Therefore, this project proposes 

the use of DC current generated by the PV cell for such devices and gadgets without 

converting into DC − AC − DC. The conversion stages from DC − AC or DC − AC −

DC cause loss of significant energy. The application of proposed system is specifically 

for off-grid installation in remote locations. 

 

The photovoltaic panels output voltage is unstable due to instability of the 

irradiances [9-11]. In common practice, DC − DC converters are employed to get 

constant and regulated output with different voltages [12]. There is a consistent 

demand for highly efficient DC − DC converters for various DC applications [11]. 

Single input multiple output (SIMO) converter enables various outputs, minimizes 

components number and production cost [13]. Various electronic devices have 

different voltage requirement, and a single output converter may not satisfy their 

requirements efficiently [14]. DC fan, television, or laptop may require higher amount 

of power than mobile phone, and the power required by phones may be too small as 

compared tolaptops, etc.  

The use of various conversion stages from DC − AC − DC in small off-grid 

power systems introduces a lot of losses due to conversion processes. The total losses 

in converters are incurred during operation due to conduction and switching [15]. 

The power dissipation can be eliminated or significantly reduced by minimizing the 

number of switches and components in the circuitry [16]. In this work, the switches 

have been reduced from two, three or four as the case may be as reviewed and 

presented in [11]  to only one, while other converters such as [17-22] are designed 

with either more than a single switch or multiple components.   Existing multiple-
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output (MO) converters can be divided into two types: isolated and non-isolated 

converters [23]. For an isolated n-output converter, it makes use of a transformer that 

has n secondary windings to distribute energy into the outputs. In many cases, only 

one output has a closed-loop control and tight regulation [24]. Other outputs are 

generated through coupling of the secondary windings. Therefore, the outputs of a MO 

converter are not independently controlled. 

 

Lefedjiev et al [24] proposed a multiplexed approach in which packets are 

steered by  a controller to achieve cross regulation. But the approach support only 

constant current and constant voltage which may not serve variable load demands 

effectively. Jin et al [25] adopted two identical back-to-back connected MOSFETs, 

which ensures a unidirectional current flow across the main inductor. But the limitation 

is, the two MOSFETS add to the system’s power dissipation and the unidirectional 

current flow makes effective cross-regulation impossible. To reduce the power 

dissipation, regulate all outputs and provide a closed-loop feedback control, a single-

input multiple outputs (SIMO) flyback converter is proposed with a single switch and 

a closed-loop feedback control using optocoupler connected to all the four outputs. 

This enables regulation of all the outputs and reduction of dissipations due to multiple 

switchings. The UC3843’ responsible for generating the pulsed-width modulation 

signal to trigger the IRF3205 switch into operation is immune to noise and controlled 

by the load demand via a feedback control loop. The best frequency for the switching 

operation with less dissipation is evaluated to determine the best operating condition. 

 

To further improve solar power system performance, enhance efficiency and 

proper utilization of the generated power, good management, monitoring and control 

of the distribution and consumption is of great importance [26]. Internet of Things 

(IoT) provide a wide technological advancement and platform for home management 

and domestic loads automation. A smart controller can be developed based on IoT to 

monitor, control and manage the appliances connected to photovoltaic power system. 

The controller can schedule appliances to turn ON or which should use the generated 

power, thereby minimize wastages and enhance the performance, while serving the 

needs of various appliances as well [27]. 
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1.2 Problem Statement 

One inherent drawback of SIMO flyback converters is cross-regulation 

problem which has reached 6% and above [24, 28], resulting in recreating power 

dissipation due to multiple switchings [29]. Hence, there is need to reduce it to a 

fraction of 1% [24]. The power dissipation is consuming up to 36% of the converter 

system’s efficiency [30]. To minimize power consumption and dissipation in portable 

devices, efficient DC-DC converters with a wide range of regulated voltages and 

currents with minimum number of switches is highly desirable [31]. However, low 

power density of SIMO systems due to dissipations are major obstacles to system 

efficiency and performance [18, 32-35]. Generally, for a solar power system with 

multiple outputs for various voltage levels, high switching frequencies are employed 

[36], which make them unsuitable for off-grid applications. Also, the use of multiple 

switching devices and iron-core transformers in power systems lead to high switching 

and conduction losses respectively. The power systems using high switching 

frequencies are susceptible to higher power dissipation, parasitic inductance and 

capacitance of the switching devices [37], thereby reduce the efficiency of the entire 

solar power systems.  

 

In a multi-output converter, the major camplication is the voltage at one output 

which is affected by the load current of the others, leading to cross regulation error. 

However, in many cases of the existing SIMO converters such as [18, 20, 38-40] and 

many others, only one output is controlled by a closed-loop and tight regulation. 

Belloni et al [20] used independent switches for each of the four outputs, making the 

system more vulnerable to power dissipation. In all these implementations, inductors 

and/or transformers are normally the largest off-chip components. Transormer’s 

secondary windings are used to couple the remaining outputs, making other outputs 

not independently controlled. The need remain consistent for the tightly regulated 

multiple outputs voltages [41-44].  Thasreef et al [45] used a coupled-inductor to 

achieve voltage gain and used proportional-integral (PI) control to regulate the firing 

pulse to produce the control output. But this method can only be used on one output at 

a time, all the four outputs cannot be regulated by the firing pulse concurrently. In 

addition, cross-coupling of these magnetic components can affect system performance 

and induce more conduction losses.  
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Power dissipation occur during the period when the switch is ON while 

switching losses occur when the switch in the circuitry swings between ON and OFF 

states [46]. Switching losses are function of current flowing in the device, switching 

frequency and the dynamic characteristics of the device. However, during switching 

process, the power dissipation increases with increase in switching frequency. This is 

because as the switching frequency increases, each switching duration has a large 

fraction of switching cycle duration [47]. Chen et al [48] used low frequency to switch 

the input stage and high frequency to switch the output stage. Using low frequency at 

the input simplifies the design while higher frequency at the output enables higher 

dynamic response of the system,  but the method requires additional capacitors, 

increases complexity and doesn’t enable better cross-regulation. This is the reason that 

led to obtaining 73% peak efficiency of the system. Hence, the more the switches and 

components in the power systems the more the power dissipation and the poorer the 

cross-regulation. 

 

Voltage regulation of a multiple-output DC-DC converter is typically done 

with only one control variable, the duty cycle [49]. From the control point of view, 

duty cycle alone cannot accurately control several independent outputs [49]. Therefore 

there always exists a DC regulation error in one or several of the outputs. The most 

commonly used regulation method is to sense one output and leave the other outputs 

unattended [49]. The sensed output is accurately controlled while the unsensed outputs 

are cross-regulated. The cross-regulation range depends on the load conditions and the 

power stage parameters [50]. Therefore, a SIMO flyback converter is proposed as a 

prototype to be used in regulating and reducing switching frequency to 200 Hz, 

eliminating power dissipation to less than two percent (<2%) and cross-regulate all 

outputs simultaneously and concurrently via a closed-loop feedback control using 

optocoupler sensor connected to UC3843 oscillator IC, which is being controlled by 

the load demand to trigger the switch. The target is to have efficiency of up to 98% 

and reduce power dissipation to a negligible fraction. 

 

 

 

 



6 

1.3 Research Objectives 

This study is aimed to design and construct a power system unit comprising of 

single-input multiple-outputs (SIMO) flyback converter for off-grid PV applications. 

A robust intelligent controller is also designed and incorporated to manage, monitor 

and control input voltage supply and drop, output loads and scheduling via the use of 

Raspberry microcontroller and Internet of Things (IoT) The specific objectives are: 

 

i. To  optimize the performance of SIMO flyback converter by regulating and 

reducing the switching frequency. 

ii. To  implement effective cross-regulation of all the SIMO flyback converter’s 

outputs sumultaneously by using closed-loop feedback control via the use of 

UC3843 IC and optocoupler to sense the output currents concurrently. 

iii. To optimize the performance of the SIMO flyaback converter by reducing 

power dissipation, power losses and conduction losses. 

 

 

1.4 Scope of Study 

The proposed system is divided into two parts: SIMO DC − DC flyback 

converter and IoT-based controller.  

The SIMO converter uses minimum input voltages of range 3 V − 48 V to give 

multiple output voltages of  5 V, 9 V, 12 V and 24 V DC. The proposed converter is 

implemented with a ferrite-core magnetic transformer (acting as a coupled-inductor). 

5, 9, 12 and 24 winding turns on the transformer to give different output voltages of 

5 V, 9 V, 12 V and 24 V DCrespectively.  UC3843 oscillator supplies the astable pulses 

and is used to sense the current at the output via a feedback topology using optocoupler 

sensor to cross-regulate all outputs for effective PWM supply by the UC3843 oscillator 

via a feedback control loop. 

The control unit is designed to use a Raspberry Pi W microcontroller based 

on IoT techniques, which has the ability for wireless communication. The controller is 
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developed with robust ability to connect or disconnect supply to the loads or inverter 

from the SIMO converter, monitor and control distribution of power to the connected 

loads and enhance efficiency by blocking leakages. It controls domestic appliances 

such as light bulbs, television, fan, fridge/freezer, laptop computer, phone charger and 

washing machine and performs scheduling. The control topology is able to manage the 

power of the proposed converter/inverter and prevent losses due to distribution and 

random access. 

1.5 Significance and Original Contributions of the Study 

Off-grid photovoltaic systems can provide an affordable means of getting 

access to electricity depending on the availability of the solar energy at the places. 

Therefore, off-grid PV systems have potentials to compensate the outage of power in 

remote areas. The significance of off-grid solar systems is to optimize suitable designs 

to tap and generate the available solar energy at most economically feasible cost and 

enhanced efficiency to satisfy the energy demands. This study would open doors for 

academic research and technological advancements and would contribute to 

development of both knowledge and technology. 

 

The evaluation of the SIMO flyback converter’s efficiency and determining its 

performance by incorporating closed-loop regulation via the use of UC3843 IC to 

cross-regulate all outputs contributes towards the development of technology and 

knowledge, especially solar power systems and devices by introducing a new idea of 

achieving high efficiency power conversion of up tp 98.4% and utilisation through 

cross-regulation of all outputs of SIMO power systems concurrently. This has been 

achived through the use of UC3843 oscillator, single IRF3205 switch and multiple 

windings on a ferrite-core inductor. The study explores the use of advanced techniques 

with a new approach to monitor and control PV systems and appliances connected to 

it, thereby enabling utilization of information technology in the field of solar power 

technology and education.  
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1.6 Thesis Structure and Organization 

The research background, problem statement, objectives, scope, significant of 

this research are presented in chapter 1. The overviews of photovoltaic power system, 

their topologies and configurations, power systems development, power system 

control, power system intelligent control and smart homes are discussed in chapter 2. 

The processes of designing and details of development of the basic parts SIMO flyback 

converterand IoT-based controller of this project are explained in chapter 3. The 

obtained results and discussion are presented in chapters 4 and 5 respectively. The 

conclusion and future recommendation are given in chapter 6. Appendices and 

references followed at the end of the thesis.



 

 

145 

REFERENCES 

Racharla, S. and K. Rajan, Solar tracking system–a review. International Journal of 

Sustainable Engineering, 2017. 10(2): p. 72-81. 

Mohammed, A.Y., F.I. Mohammed, and M.Y. Ibrahim. Grid connected Photovoltaic 

system. in Communication, Control, Computing and Electronics Engineering 

(ICCCCEE), 2017 International Conference on. 2017. IEEE. 

Kjaer, S.B., J.K. Pedersen, and F. Blaabjerg, A review of single-phase grid-connected 

inverters for photovoltaic modules. IEEE transactions on industry applications, 

2005. 41(5): p. 1292-1306. 

Erickson, R.W. and A.P. Rogers. A microinverter for building-integrated 

photovoltaics. in Applied Power Electronics Conference and Exposition, 2009. 

APEC 2009. Twenty-Fourth Annual IEEE. 2009. IEEE. 

Weniger, J., T. Tjaden, and V. Quaschning, Sizing of residential PV battery systems. 

Energy Procedia, 2014. 46: p. 78-87. 

Lotfi, H. and A. Khodaei, AC versus DC microgrid planning. IEEE Transactions on 

Smart Grid, 2017. 8(1): p. 296-304. 

Adest, M., et al., Method for distributed power harvesting using DC power sources. 

2017, Google Patents. 

Megha, R., et al., Study of alternating current conduction mechanism in polypyrrole-

magnesium ferrite hybrid nanocomposite through correlated barrier hopping 

model. Composite Interfaces, 2017. 24(1): p. 55-68. 

Yadav, A.K. and S. Chandel, Identification of relevant input variables for prediction 

of 1-minute time-step photovoltaic module power using Artificial Neural 

Network and Multiple Linear Regression Models. Renewable and Sustainable 

Energy Reviews, 2017. 77: p. 955-969. 

Eke, R. and T.R. Betts, Spectral irradiance effects on the outdoor performance of 

photovoltaic modules. Renewable and Sustainable Energy Reviews, 2017. 69: 

p. 429-434. 

Forouzesh, M., et al., Step-Up DC–DC Converters: A Comprehensive Review of 

Voltage-Boosting Techniques, Topologies, and Applications. IEEE 

Transactions on Power Electronics, 2017. 32(12): p. 9143-9178. 



146 

Kawano, A. and K. Goto, Dc-dc converter. 2017, Google Patents. 

Lu, D., Y. Qian, and Z. Hong. 4.3 An 87%-peak-efficiency DVS-capable single-

inductor 4-output DC-DC buck converter with ripple-based adaptive off-time 

control. in Solid-State Circuits Conference Digest of Technical Papers 

(ISSCC), 2014 IEEE International. 2014. IEEE. 

Deboy, G. and A. Sanders, Post-regulated flyback converter with variable output 

stage. 2017, Google Patents. 

Venkatramanan, D., A.K. Adapa, and V. John, Design and comparative study of 

discrete and module-based IGBT power converters. Sādhanā, 2017. 42(8): p. 

1401-1409. 

Kabalyk, Y., Determination of Energy Loss in Power Voltage Inverters for Power 

Supply of Locomotive Traction Motors. Procedia Engineering, 2016. 165: p. 

1437-1443. 

Baek, J.-W., et al. High boost converter using voltage multiplier. in Industrial 

Electronics Society, 2005. IECON 2005. 31st Annual Conference of IEEE. 

2005. IEEE. 

Belloni, M., et al. A 4-output single-inductor DC-DC buck converter with self-boosted 

switch drivers and 1.2 A total output current. in 2008 IEEE International Solid-

State Circuits Conference-Digest of Technical Papers. 2008. IEEE. 

Belloni, M., E. Bonizzoni, and F. Maloberti. On the design of single-inductor multiple-

output DC-DC buck converters. in 2008 IEEE International Symposium on 

Circuits and Systems. 2008. IEEE. 

Belloni, M., E. Bonizzoni, and F. Maloberti, Single-Inductor Multiple-Output DC-DC 

Converters, in Analog Circuit Design. 2009, Springer. p. 233-253. 

Berkovich, Y. and B. Axelrod, Switched-coupled inductor cell for DC–DC converters 

with very large conversion ratio. IET power electronics, 2011. 4(3): p. 309-

315. 

Bretz, J.H., DC-DC converters with high efficiency over wide load ranges. 1999, 

Massachusetts Institute of Technology. 

Li, W. and X. He, Review of nonisolated high-step-up DC/DC converters in 

photovoltaic grid-connected applications. IEEE Transactions on Industrial 

Electronics, 2011. 58(4): p. 1239-1250. 



 

 

147 

Lefedjiev, A. A Novel Multiplexed Power Architecture for Improving Cross 

Regulation and Efficiency. in 2019 IEEE Applied Power Electronics 

Conference and Exposition (APEC). 2019. IEEE. 

Jin, W., et al. Power loss analysis of a back-to-back switching single-inductor 

multiple-output inverter. in 2019 IEEE Applied Power Electronics Conference 

and Exposition (APEC). 2019. IEEE. 

Carrasco, J.M., et al., Power-electronic systems for the grid integration of renewable 

energy sources: A survey. IEEE Transactions on industrial electronics, 2006. 

53(4): p. 1002-1016. 

Kanchev, H., et al., Energy management and operational planning of a microgrid with 

a PV-based active generator for smart grid applications. IEEE transactions on 

industrial electronics, 2011. 58(10): p. 4583-4592. 

Satyaraddi, C.G., et al. Design and Implementation of Multiple Output Interleaved 

Flyback Converter with Post Regulators. in 2019 IEEE International 

Conference on Electrical, Computer and Communication Technologies 

(ICECCT). 2019. IEEE. 

Kuan, C.-W. and H.-C. Lin. Near-independently regulated 5-output single-inductor 

DC-DC buck converter delivering 1.2 W/mm 2 in 65nm CMOS. in 2012 IEEE 

International Solid-State Circuits Conference. 2012. IEEE. 

Salimath, A., et al., An 86% Efficiency, Wide-V $ _ {in} $ SIMO DC–DC Converter 

Embedded in a Car-Radio IC. IEEE Transactions on Circuits and Systems I: 

Regular Papers, 2019. 66(9): p. 3598-3609. 

Takamiya, M., Y.H. Hsu, and A. Thomsen. Session 27 overview: Power-converter 

techniques: Power management subcommittee. in 2018 IEEE International 

Solid-State Circuits Conference-(ISSCC). 2018. IEEE. 

Ma, D., W.-H. Ki, and C.-Y. Tsui, A pseudo-CCM/DCM SIMO switching converter 

with freewheel switching. IEEE Journal of Solid-State Circuits, 2003. 38(6): p. 

1007-1014. 

Qian, J. and Z. Shao. Single-inductor dual-output DC/DC buck converter with high 

full-load efficiency. in 2009 IEEE International Conference of Electron 

Devices and Solid-State Circuits (EDSSC). 2009. IEEE. 

Woo, Y.-J., et al., Load-independent control of switching DC-DC converters with 

freewheeling current feedback. IEEE Journal of Solid-State Circuits, 2008. 

43(12): p. 2798-2808. 



148 

Lee, K.-C., et al. A PLL-based high-stability single-inductor 6-channel output DC-DC 

buck converter. in 2010 IEEE International Solid-State Circuits Conference-

(ISSCC). 2010. IEEE. 

Park, Y., et al., Single Inductor-Multiple Output DPWM DC-DC Boost Converter with 

a High Efficiency and Small Area. Energies, 2018. 11(4): p. 725. 

Wang, J., H.S.-h. Chung, and R.T.-h. Li, Characterization and experimental 

assessment of the effects of parasitic elements on the MOSFET switching 

performance. IEEE Transactions on Power Electronics, 2013. 28(1): p. 573-

590. 

Castle, O.D. and A. El Shahat. Single-input-multi-output (SIMO) converter for nano-

grids applications. in SoutheastCon 2017. 2017. IEEE. 

Chen, Y., et al., The multiple-output DC-DC converter with shared ZCS lagging leg. 

IEEE Transactions on Power Electronics, 2011. 26(8): p. 2278-2294. 

Dasika, J.D., et al., Multivariable control of single-inductor dual-output buck 

converters. IEEE Transactions on Power Electronics, 2013. 29(4): p. 2061-

2070. 

Chang, J.-M. and M. Pedram, Energy minimization using multiple supply voltages. 

IEEE Transactions on Very Large Scale Integration (VLSI) Systems, 1997. 

5(4): p. 436-443. 

Ishihara, T. and K. Asada. A system level memory power optimization technique using 

multiple supply and threshold voltages. in Proceedings of the 2001 Asia and 

South Pacific Design Automation Conference. 2001. ACM. 

Usami, K., et al., Automated low-power technique exploiting multiple supply voltages 

applied to a media processor. IEEE Journal of Solid-State Circuits, 1998. 

33(3): p. 463-472. 

Johnson, M.C. and K. Roy. Scheduling and optimal voltage selection for low power 

multi-voltage DSP datapaths. in Proceedings of 1997 IEEE International 

Symposium on Circuits and Systems. Circuits and Systems in the Information 

Age ISCAS'97. 1997. IEEE. 

Thasreef, R., S. Paul, and A.P. Oommen, Controlled voltage single-Input Multiple 

Output DC to DC Converter. Institutional Journal of adavanced research in 

electrical, electronics and instrumentation engineering, 2014. 3(5): p. 167-173. 



 

 

149 

Pou, J., et al. Power losses calculation methodology to evaluate inverter efficiency in 

electrical vehicles. in Compatibility and Power Electronics (CPE), 2011 7th 

International Conference-Workshop. 2011. IEEE. 

Lu, Q., F. Ma, and J.J. Zeng, DC-DC converters. 1997, Google Patents. 

Chen, C.-W., Dual-frequency single-inductor multiple-output (DF-SIMO) power 

converter topology for SoC applications. 2015. 

Tahan, M., D. Bamgboje, and T. Hu. Flyback-Based Multiple Output dc-dc Converter 

with Independent Voltage Regulation. in 2018 9th IEEE International 

Symposium on Power Electronics for Distributed Generation Systems (PEDG). 

2018. IEEE. 

Wang, Y., J. Xu, and G. Yin, Cross-Regulation Suppression and Stability Analysis of 

Capacitor Current Ripple Controlled SIDO CCM Buck Converter. IEEE 

Transactions on Industrial Electronics, 2018. 66(3): p. 1770-1780. 

Choi, Y., Maximum Power Point Tracking. 2017, WORCESTER POLYTECHNIC 

INSTITUTE. 

Taghvaee, M., et al., A current and future study on non-isolated DC–DC converters 

for photovoltaic applications. Renewable and sustainable energy reviews, 

2013. 17: p. 216-227. 

Figueres, E., et al., Sensitivity study of the dynamics of three-phase photovoltaic 

inverters with an LCL grid filter. IEEE Transactions on Industrial Electronics, 

2009. 56(3): p. 706-717. 

Li, Q. and P. Wolfs, A review of the single phase photovoltaic module integrated 

converter topologies with three different DC link configurations. IEEE 

Transactions on Power Electronics, 2008. 23(3): p. 1320-1333. 

Kazmi, S.M.R., et al. Review and critical analysis of the research papers published 

till date on maximum power point tracking in wind energy conversion system. 

in Energy Conversion Congress and Exposition (ECCE), 2010 IEEE. 2010. 

IEEE. 

Erickson, R.W. and D. Maksimovic, Fundamentals of power electronics. 2007: 

Springer Science & Business Media. 

Chiang, H.-C. and H.-Y. Tsai, Design and implementation of a grid-tied wind power 

micro-inverter. IET Renewable Power Generation, 2013. 7(5): p. 493-503. 

  



150 

Shenoy, P.S., K.A. Kim, and P.T. Krein. Comparative analysis of differential power 

conversion architectures and controls for solar photovoltaics. in Control and 

Modeling for Power Electronics (COMPEL), 2012 IEEE 13th Workshop on. 

2012. IEEE. 

Elhodeiby, A., H. Metwally, and M. Farahat. performance analysis of 3.6 kW roof top 

grid connected photovoltaic system in egypt. in International Conference on 

Energy Systems and Technologies (ICEST 2011), Cairo, Egypt. 2011. 

Zong, X., A single phase grid connected DC/AC inverter with reactive power control 

for residential PV application. 2011. 

Rahman, S., N.S. Oni, and Q.A.I. Masud, Design of a charge controller circuit with 

Maximum Power Point Tracker (MPPT) for Photovoltaic system. 2012, BRAC 

University. 

Prieto, R., et al. Optimizing the winding strategy of the transformer in a flyback 

converter. in Power Electronics Specialists Conference, 1996. PESC'96 

Record., 27th Annual IEEE. 1996. IEEE. 

Lee, H.-S., et al., High-efficiency asymmetric forward-flyback converter for wide 

output power range. IEEE Transactions on Power Electronics, 2017. 32(1): p. 

433-440. 

Sonti, V., S. Jain, and S. Bhattacharya, Analysis of the modulation strategy for the 

minimization of the leakage current in the PV grid-connected cascaded 

multilevel inverter. IEEE Transactions on Power Electronics, 2017. 32(2): p. 

1156-1169. 

Chu, E., et al., Novel zero-voltage and zero-current switching (ZVZCS) PWM three-

level DC/DC converter using output coupled inductor. IEEE Transactions on 

Power Electronics, 2014. 29(3): p. 1082-1093. 

Rathore, A.K., D.R. Patil, and D. Srinivasan, Non-isolated bidirectional soft-switching 

current-fed LCL resonant DC/DC converter to interface energy storage in DC 

microgrid. IEEE Transactions on Industry Applications, 2016. 52(2): p. 1711-

1722. 

Han, B.-M. Grid-tied power converter for battery energy storage composed of 2-stage 

DC-DC converter. in Power and Energy Society General Meeting (PES), 2013 

IEEE. 2013. IEEE. 

  



 

 

151 

Wu, H., et al. Secondary-side phase-shift-controlled high step-up hybrid resonant 

converter with voltage multiplier for high efficiency PV applications. in 

Applied Power Electronics Conference and Exposition (APEC), 2015 IEEE. 

2015. IEEE. 

Tran, V., High efficiency grid-connected system using switched-capacitor converter 

and Lyapunov approach to control design for inverters. 2014, University of 

Massachusetts Lowell. 

Watanabe, H. and J.-I. Itoh. Highly-Reliable Flyback-Based PV Micro-Inverter 

Applying Power Decoupling Capability without Additional Components. in 

PCIM Europe 2017; International Exhibition and Conference for Power 

Electronics, Intelligent Motion, Renewable Energy and Energy Management; 

Proceedings of. 2017. VDE. 

Özkara, Ö., et al., The Analysis of OCC and PI Control Method for Isolated Fly-Back 

Converter using PEM Fuel Cells. BİLDİRİ ÖZETLERİ KİTABI, 2017: p. 259. 

Wei, H. and I. Batarseh. Comparison of basic converter topologies for power factor 

correction. in Southeastcon'98. Proceedings. IEEE. 1998. IEEE. 

Ahsanuzzaman, S.M., et al., Flyback converter. 2019, Google Patents. 

Adragna, C. and G. Gritti, Control method and device for quasi-resonant high-power-

factor flyback converter. 2019, Google Patents. 

Wang, Z.-J. and R. Dibyendu, Reduction of electromagnetic interference in a flyback 

converter. 2019, Google Patents. 

Guepfrih, M.F., G. Waltrich, and T.B. Lazzarin, Quadratic-boost-double-flyback 

converter. IET Power Electronics, 2019. 12(12): p. 3166-3177. 

Song, H., J. Zhang, and D. Xu, Device and method for controlling flyback converter. 

2019, Google Patents. 

Fu, K. and W. Chen, Evaluation method of flyback converter behaviors on common-

mode noise. IEEE Access, 2019. 7: p. 28019-28030. 

She, X., et al. Review of solid state transformer in the distribution system: From 

components to field application. in Energy Conversion Congress and 

Exposition (ECCE), 2012 IEEE. 2012. IEEE. 

Rong, E., et al. A magnetic integration half-turn planar transformer for LLC resonant 

DC-DC converters. in 2018 IEEE Applied Power Electronics Conference and 

Exposition (APEC). 2018. IEEE. 



152 

Li, S., et al., A half-turn transformer with symmetry magnetic flux for high-frequency-

isolated DC/DC converters. IEEE Transactions on Power Electronics, 2018. 

33(8): p. 6467-6470. 

Pîslaru-Dănescu, L., et al., Miniature Planar Spiral Transformer With Hybrid, Ferrite, 

and Magnetic Nanofluid Core. IEEE Transactions on Magnetics, 2018. 54(10): 

p. 1-14. 

Noah, M., et al., Magnetic Design and Experimental Evaluation of a Commercially 

Available Single Integrated Transformer in Three-PhaseLLCResonant 

Converter. IEEE Transactions on Industry Applications, 2018. 54(6): p. 6190-

6204. 

de Medeiros, R.L.P., et al., Robust decentralized controller for minimizing coupling 

effect in single inductor multiple output DC-DC converter operating in 

continuous conduction mode. ISA transactions, 2018. 73: p. 112-129. 

Salary, E., Single input multi output dc/dc converter: An approach to voltage 

balancing in multilevel inverter. Journal of Electrical Engineering & 

Technology, 2014. 9(5): p. 1537-1543. 

Ganjavi, A., H. Ghoreishy, and A.A. Ahmad, A novel single-input dual-output three-

level DC–DC converter. IEEE Transactions on Industrial Electronics, 2018. 

65(10): p. 8101-8111. 

Lodh, T. and T. Majumder. Highly efficient and compact single input multiple output 

DC-DC converters. in 2016 IEEE International Conference on Power 

Electronics, Drives and Energy Systems (PEDES). 2016. IEEE. 

Thulasi, V. and H.S. Kumar, Single-input double output high efficient boost dc-dc 

converter. International Journal of Modern Engineering Research, 2014. 4(3): 

p. 1-14. 

Wang, C., Z. Li, and L. Zhao, Multi-energy harvesting SIMO converter with energy 

prediction and adaptive output priority. International Journal of Electronics, 

2018. 105(11): p. 1866-1880. 

Zhu, H., et al. Design of power electronic transformer based on modular multilevel 

converter. in 2012 Asia-Pacific Power and Energy Engineering Conference. 

2012. IEEE. 

Bala, S., et al. Hybrid distribution transformer: Concept development and field 

demonstration. in 2012 IEEE Energy Conversion Congress and Exposition 

(ECCE). 2012. IEEE. 



 

 

153 

Yan, Z. and S. Ai-ming, Simplified ferrite core loss separation model for switched 

mode power converter. IET Power Electronics, 2016. 9(3): p. 529-535. 

She, X., A.Q. Huang, and R. Burgos, Review of solid-state transformer technologies 

and their application in power distribution systems. IEEE Journal of Emerging 

and Selected Topics in Power Electronics, 2013. 1(3): p. 186-198. 

Hoang, K. and J. Wang. Design optimization of high frequency transformer for dual 

active bridge DC-DC converter. in 2012 XXth International Conference on 

Electrical Machines. 2012. IEEE. 

Hayasaki, M. and K. Samejima, Transformer, switching power supply device, and DC-

DC converter device. 2012, Google Patents. 

Le, H.-P., et al., A single-inductor switching DC–DC converter with five outputs and 

ordered power-distributive control. IEEE Journal of Solid-State Circuits, 2007. 

42(12): p. 2706-2714. 

Lu, D., Y. Qian, and Z. Hong. 4.3 An 87%-peak-efficiency DVS-capable single-

inductor 4-output DC-DC buck converter with ripple-based adaptive off-time 

control. in 2014 IEEE International Solid-State Circuits Conference Digest of 

Technical Papers (ISSCC). 2014. IEEE. 

Ma, D., et al., Single-inductor multiple-output switching converters with time-

multiplexing control in discontinuous conduction mode. IEEE Journal of Solid-

State Circuits, 2003. 38(1): p. 89-100. 

Leung, C.Y., P.K. Mok, and K.N. Leung, A 1-V integrated current-mode boost 

converter in standard 3.3/5-V CMOS technologies. IEEE Journal of Solid-State 

Circuits, 2005. 40(11): p. 2265-2274. 

Jung, K., et al. A high efficiency CMOS DC-DC boost converter with current sensing 

feedback. in 48th Midwest Symposium on Circuits and Systems, 2005. 2005. 

IEEE. 

Phuc, L., et al., Integrated zero-inductor-current detection circuit for step-up DC–DC 

converters. Electronics Letters, 2006. 42(16): p. 943-945. 

Xu, W., et al. A 90% peak efficiency single-inductor dual-output buck-boost converter 

with extended-PWM control. in 2011 IEEE International Solid-State Circuits 

Conference. 2011. IEEE. 

Wang, B., et al., Deadbeat Control for a Single-Inductor Multiple-Input Multiple-

Output DC–DC Converter. IEEE Transactions on Power Electronics, 2018. 

34(2): p. 1914-1924. 



154 

Tang, W., et al. Charge control: modeling, analysis and design. in PESC'92 Record. 

23rd Annual IEEE Power Electronics Specialists Conference. 1992. IEEE. 

Chen, Q., F.C. Lee, and M. Jovanovic. Analysis and design of weighted voltage-mode 

control for a multiple-output forward converter. in Proceedings Eighth Annual 

Applied Power Electronics Conference and Exposition. 1993. IEEE. 

Wilson, T.G. Cross regulation in an energy-storage dc-to-dc converter with two 

regulated outputs. in 1977 IEEE Power Electronics Specialists Conference. 

1977. IEEE. 

Marrero, J. Improving cross regulation of multiple output flyback converters. in 

PROCEEDINGS OF THE INTERNATIONAL POWER CONVERSION 

CONFERENCE. 1995. INTERTEC INTERNATIONAL, INC. 

Hamill, D. and T. Yeo. Characterisation of cross regulation in DC-DC converters. in 

Proceedings of Intelec 93: 15th International Telecommunications Energy 

Conference. 1993. IEEE. 

Goldman, M. and A.F. Witulski. Predicting regulation for a multiple-output current-

mode controlled dc-to-dc converter. in Proceedings Eighth Annual Applied 

Power Electronics Conference and Exposition. 1993. IEEE. 

Maksimovic, D., R.W. Erickson, and C. Griesbach, Modeling of cross-regulation in 

converters containing coupled inductors. IEEE Transactions on Power 

Electronics, 2000. 15(4): p. 607-615. 

Bevrani, H. and T. Hiyama, Intelligent automatic generation control. 2016: CRC 

press. 

Vale, Z., et al., Computational intelligence applications for future power systems. 

Computational intelligence for engineering systems, 2011: p. 176-193. 

Fozdar, M., C. Arora, and V. Gottipati. Recent trends in intelligent techniques to power 

systems. in Universities Power Engineering Conference, 2007. UPEC 2007. 

42nd International. 2007. IEEE. 

Alata, M., M. Al-Nimr, and Y. Qaroush, Developing a multipurpose sun tracking 

system using fuzzy control. Energy Conversion and Management, 2005. 46(7): 

p. 1229-1245. 

Babakmehr, M., et al. Designing an intelligent low power residential pv-based 

microgrid. in Industry Applications Society Annual Meeting, 2016 IEEE. 2016. 

IEEE. 



 

 

155 

Yue, J., et al., Economic power schedule and transactive energy through an intelligent 

centralized energy management system for a DC residential distribution 

system. Energies, 2017. 10(7): p. 916. 

Yoon, J.H., R. Baldick, and A. Novoselac, Demand response control of residential 

HVAC loads based on dynamic electricity prices and economic analysis. 

Science and Technology for the Built Environment, 2016. 22(6): p. 705-719. 

Saravanan, S. and N.R. Babu, Maximum power point tracking algorithms for 

photovoltaic system–A review. Renewable and Sustainable Energy Reviews, 

2016. 57: p. 192-204. 

Shi, Y., et al., High-frequency-link-based grid-tied PV system with small DC-link 

capacitor and low-frequency ripple-free maximum power point tracking. IEEE 

Transactions on Power Electronics, 2016. 31(1): p. 328-339. 

Fathabadi, H., Novel fast dynamic MPPT (maximum power point tracking) technique 

with the capability of very high accurate power tracking. Energy, 2016. 94: p. 

466-475. 

Kheldoun, A., et al., A new Golden Section method-based maximum power point 

tracking algorithm for photovoltaic systems. Energy Conversion and 

Management, 2016. 111: p. 125-136. 

Fathabadi, H., Novel photovoltaic based battery charger including novel high 

efficiency step-up DC/DC converter and novel high accurate fast maximum 

power point tracking controller. Energy Conversion and Management, 2016. 

110: p. 200-211. 

Clemmer, T., et al. Design and evaluation of a next generation residential energy 

management system. in Power Electronics for Distributed Generation Systems 

(PEDG), 2013 4th IEEE International Symposium on. 2013. IEEE. 

Monfared, M., S. Golestan, and J.M. Guerrero, Analysis, design, and experimental 

verification of a synchronous reference frame voltage control for single-phase 

inverters. IEEE Transactions on Industrial Electronics, 2014. 61(1): p. 258-

269. 

Yang, Y., H. Wang, and F. Blaabjerg, Reactive power injection strategies for single-

phase photovoltaic systems considering grid requirements. IEEE Transactions 

on Industry Applications, 2014. 50(6): p. 4065-4076. 



156 

Adhikari, S. and F. Li, Coordinated Vf and PQ control of solar photovoltaic 

generators with MPPT and battery storage in microgrids. IEEE Transactions 

on Smart Grid, 2014. 5(3): p. 1270-1281. 

Peña, J.C., et al. Robust control of a single-phase VSI with LCL filter for grid-tie and 

islanded operation modes applied to PV distributed generation in microgrids 

environment. in Energy Conversion Congress and Exposition (ECCE), 2014 

IEEE. 2014. IEEE. 

Umuhoza, J., et al. Optimizing efficiency and performance for single-phase 

photovoltaic inverter with Dual-Half Bridge converter Yuzhi Zhang. in 2015 

IEEE Applied Power Electronics Conference and Exposition (APEC). 

Zhang, Y., et al. Realizing an integrated system for residential energy harvesting and 

management. in Applied Power Electronics Conference and Exposition 

(APEC), 2015 IEEE. 2015. IEEE. 

Jang, M., M. Ciobotaru, and V.G. Agelidis, A single-phase grid-connected fuel cell 

system based on a boost-inverter. IEEE transactions on power electronics, 

2013. 28(1): p. 279-288. 

Cha, H. and T.-K. Vu. Comparative analysis of low-pass output filter for single-phase 

grid-connected Photovoltaic inverter. in Applied Power Electronics 

Conference and Exposition (APEC), 2010 Twenty-Fifth Annual IEEE. 2010. 

IEEE. 

Hui, T.K., R.S. Sherratt, and D.D. Sánchez, Major requirements for building Smart 

Homes in Smart Cities based on Internet of Things technologies. Future 

Generation Computer Systems, 2017. 76: p. 358-369. 

Kelly, S.D.T., N.K. Suryadevara, and S.C. Mukhopadhyay, Towards the 

implementation of IoT for environmental condition monitoring in homes. IEEE 

sensors journal, 2013. 13(10): p. 3846-3853. 

Gubbi, J., et al., Internet of Things (IoT): A vision, architectural elements, and future 

directions. Future generation computer systems, 2013. 29(7): p. 1645-1660. 

Sundmaeker, H., et al., Vision and challenges for realising the Internet of Things. 

Cluster of European Research Projects on the Internet of Things, European 

Commision, 2010. 3(3): p. 34-36. 

Vermesan, O., et al., Internet of things strategic research roadmap. Internet of Things-

Global Technological and Societal Trends, 2011. 1(2011): p. 9-52. 

Mazidi, M.A., et al., Embedded Systems. 2008: Pearson, New Jersey. 



 

 

157 

Lee, I. and K. Lee, The Internet of Things (IoT): Applications, investments, and 

challenges for enterprises. Business Horizons, 2015. 58(4): p. 431-440. 

Zhao, C.W., J. Jegatheesan, and S.C. Loon, Exploring iot application using raspberry 

pi. International Journal of Computer Networks and Applications, 2015. 2(1): 

p. 27-34. 

Holler, J., et al., From Machine-to-machine to the Internet of Things: Introduction to 

a New Age of Intelligence. 2014: Academic Press. 

Vujović, V. and M. Maksimović, Raspberry Pi as a Sensor Web node for home 

automation. Computers & Electrical Engineering, 2015. 44: p. 153-171. 

Schmidt, M., Raspberry Pi: a quick-start guide. 2014: Pragmatic Bookshelf. 

Horan, B., Practical Raspberry Pi. 2013: Apress. 

Dennis, A.K., Raspberry Pi home automation with Arduino. 2013: Packt Publishing 

Ltd. 

Upton, E. and G. Halfacree, Raspberry Pi user guide. 2014: John Wiley & Sons. 

McManus, S. and M. Cook, Raspberry Pi for dummies. 2017: John Wiley & Sons. 

Vujovic, V. and M. Maksimovic. Raspberry Pi as a Wireless Sensor node: 

Performances and constraints. in Information and Communication 

Technology, Electronics and Microelectronics (MIPRO), 2014 37th 

International Convention on. 2014. IEEE. 

Maksimović, M., et al., Raspberry Pi as Internet of things hardware: performances 

and constraints. design issues, 2014. 3: p. 8. 

Adhya, S., et al. An IoT based smart solar photovoltaic remote monitoring and control 

unit. in 2016 2nd international conference on control, instrumentation, energy 

& communication (CIEC). 2016. IEEE. 

Patil, S., M. Vijayalashmi, and R. Tapaskar, Solar energy monitoring system using 

IOT. Indian Journal of Scientific Research, 2017: p. 149-156. 

Wu, F., C. Rüdiger, and M. Yuce, Real-time performance of a self-powered 

environmental IoT sensor network system. Sensors, 2017. 17(2): p. 282. 

Patil, K. and N. Kale. A model for smart agriculture using IoT. in 2016 International 

Conference on Global Trends in Signal Processing, Information Computing 

and Communication (ICGTSPICC). 2016. IEEE. 

Kekre, A. and S.K. Gawre. Solar photovoltaic remote monitoring system using IOT. 

in 2017 International Conference on Recent Innovations in Signal processing 

and Embedded Systems (RISE). 2017. IEEE. 



158 

Shrihariprasath, B. and V. Rathinasabapathy. A smart IoT system for monitoring solar 

PV power conditioning unit. in 2016 World Conference on Futuristic Trends 

in Research and Innovation for Social Welfare (Startup Conclave). 2016. 

IEEE. 

Katyarmal, M., et al., Solar power monitoring system using IoT. Int Res J Eng Technol 

(IRJET), 2018. 5(3): p. 2395-0056. 

Pereira, R.I., et al., IoT embedded linux system based on Raspberry Pi applied to real-

time cloud monitoring of a decentralized photovoltaic plant. Measurement, 

2018. 114: p. 286-297. 

Srivastava, P., M. Bajaj, and A.S. Rana. IOT based controlling of hybrid energy system 

using ESP8266. in 2018 IEEMA Engineer Infinite Conference (eTechNxT). 

2018. IEEE. 

Al-Kuwari, M., et al. Smart-home automation using IoT-based sensing and monitoring 

platform. in 2018 IEEE 12th International Conference on Compatibility, 

Power Electronics and Power Engineering (CPE-POWERENG 2018). 2018. 

IEEE. 

Ayachit, A. and M.K. Kazimierczuk, Averaged small-signal model of PWM DC-DC 

converters in CCM including switching power loss. IEEE Transactions on 

Circuits and Systems II: Express Briefs, 2018. 66(2): p. 262-266. 

Chen, S.-M., et al., A cascaded high step-up DC–DC converter with single switch for 

microsource applications. IEEE Transactions on Power Electronics, 2011. 

26(4): p. 1146-1153. 

Ejegi, E., J. Rossiter, and P. Trodden. Distributed model predictive load frequency 

control of a deregulated power system. in Control (CONTROL), 2016 UKACC 

11th International Conference on. 2016. IEEE. 

Hong, X.-E., J.-F. Wu, and C.-L. Wei, 98.1%-Efficiency Hysteretic-Current-Mode 

Noninverting Buck–Boost DC-DC Converter With Smooth Mode Transition. 

IEEE Transactions on Power Electronics, 2017. 32(3): p. 2008-2017. 

Xue, F., R. Yu, and A.Q. Huang, A 98.3% Efficient GaN Isolated Bidirectional DC–

DC Converter for DC Microgrid Energy Storage System Applications. IEEE 

Transactions on Industrial Electronics, 2017. 64(11): p. 9094-9103. 

Yeh, C.-H., et al. A 70W and 90% GaN-based class-E wireless-power-transfer system 

with automatic-matching-point-search control for zero-voltage switching and 



 

 

159 

zero-voltage-derivative switching. in 2018 IEEE International Solid-State 

Circuits Conference-(ISSCC). 2018. IEEE. 

Do, H.-L., A soft-switching DC/DC converter with high voltage gain. IEEE 

Transactions on power electronics, 2010. 25(5): p. 1193-1200. 

El-Sherbiny, M., G. El-Saady, and A.M. Yousef, Efficient fuzzy logic load–frequency 

controller. Energy conversion and management, 2002. 43(14): p. 1853-1863. 

Patra, P., J. Ghosh, and A. Patra, Control scheme for reduced cross-regulation in 

single-inductor multiple-output DC–DC converters. IEEE Transactions on 

Industrial Electronics, 2012. 60(11): p. 5095-5104. 

Khooban, M.H. and T. Niknam, A new intelligent online fuzzy tuning approach for 

multi-area load frequency control: Self Adaptive Modified Bat Algorithm. 

International Journal of Electrical Power & Energy Systems, 2015. 71: p. 254-

261. 

Raju, K.R.S.R. and G.H.K. Varma. Knowledge based real time monitoring system for 

aquaculture using IoT. in 2017 IEEE 7th International Advance Computing 

Conference (IACC). 2017. IEEE. 

Sindhuja, P. and M. Balamurugan, Smart power monitoring and control system 

through internet of things using cloud data storage. Indian Journal of Science 

and Technology, 2015. 8(19): p. 1. 

Prathibha, S., A. Hongal, and M. Jyothi. IoT based monitoring system in smart 

agriculture. in 2017 International Conference on Recent Advances in 

Electronics and Communication Technology (ICRAECT). 2017. IEEE. 

Katyarmal, M., et al., Solar power monitoring system using IoT. Int Res J Eng Technol 

(IRJET), 2018. 5(3): p. 2395-0056. 

Thakar, P.T., P.V. Jha, and T. Sawant. Prepaid Energy Meter Using Solar Power and 

Wi-fi. in Proceedings of International Conference on Wireless 

Communication. 2020. Springer. 

Song, D., B. Xu, and Y.-h. Gu, Design of High Voltage Discharge Circuit Based on 

UC3843. Control and Instruments in Chemical Industry, 2013. 3: p. 377-380. 

Bui, N., et al., The internet of energy: a web-enabled smart grid system. IEEE 

Network, 2012. 26(4). 

Doctor, F., H. Hagras, and V. Callaghan, A fuzzy embedded agent-based approach for 

realizing ambient intelligence in intelligent. 2005, Phd thesis. The University 

of Texas at Arlington. 



160 

Dutta, J. and S. Roy. IoT-fog-cloud based architecture for smart city: Prototype of a 

smart building. in Cloud Computing, Data Science & Engineering-Confluence, 

2017 7th International Conference on. 2017. IEEE. 

Järventausta, P., et al., Smart grid power system control in distributed generation 

environment. Annual Reviews in Control, 2010. 34(2): p. 277-286. 

Javaid, N., et al., An intelligent load management system with renewable energy 

integration for smart homes. IEEE Access, 2017. 5: p. 13587-13600. 

Sehgal, A., et al., Management of resource constrained devices in the internet of 

things. IEEE Communications Magazine, 2012. 50(12). 

Shiroei, M. and A. Ranjbar, Supervisory predictive control of power system load 

frequency control. International Journal of Electrical Power & Energy 

Systems, 2014. 61: p. 70-80. 

Tibajia, G.V. and M.C. Talampas. Development and evaluation of simultaneous 

wireless transmission of power and data for oceanographic devices. in 

Sensors, 2011 IEEE. 2011. IEEE. 

Jing-Hui, H. and J. Yong-Gao, Design of High Efficiency Pulse Power Amplifier for 

Alarm Based on Floating Ground. DEStech Transactions on Engineering and 

Technology Research, 2017(iceeac). 

Zhao, J., K. Yeates, and Y. Han. Analysis of high efficiency DC/DC converter 

processing partial input/output power. in 2013 IEEE 14th Workshop on 

Control and Modeling for Power Electronics (COMPEL). 2013. IEEE. 

Yang, J.-W. and H.-L. Do, Soft-switching dual-flyback DC–DC converter with 

improved efficiency and reduced output ripple current. IEEE Transactions on 

Industrial Electronics, 2017. 64(5): p. 3587-3594. 

Wu, W., et al., A dual-buck–boost AC/DC converter for DC nanogrid with three 

terminal outputs. IEEE Transactions on Industrial Electronics, 2017. 64(1): p. 

295-299. 

Rashmi, R. and M. Uplane, Multiple Output Off-Line Flyback Converter with a Single 

Switch, in Smart Intelligent Computing and Applications. 2019, Springer. p. 

381-391. 

Zhu, S.S., et al. Design of An Online Maintenance Device for Batteries. in Advanced 

Materials Research. 2012. Trans Tech Publ. 

Tan, S.-C., Development of sliding mode controllers for DC-DC converters. 2005: 

Hong Kong Polytechnic University (Hong Kong). 



 

 

161 

Instruments, T., UC3843 Current Mode PWM Controller–Datasheet. Internet: 

http://focus. ti. com/docs/prod/folders/print/uc3843. html, 2007. 

Mao, H., Zero voltage switching half-bridge converters. 2018, Google Patents. 

Hu, P., et al., A currentless sorting and selection-based capacitor-voltage-balancing 

method for modular multilevel converters. IEEE Transactions on Power 

Electronics, 2018. 34(2): p. 1022-1025. 

Tan, S.-C., Y.-M. Lai, and C.-K. Tse, Sliding Mode Control in Power Converters, in 

Sliding Mode Control of Switching Power Converters. 2018, CRC Press. p. 51-

68. 

Nepusz, T. and T. Vicsek, Controlling edge dynamics in complex networks. Nature 

Physics, 2012. 8(7): p. 568. 

Jacquot, R.G., Modern digital control systems. 2019: Routledge. 

Qin, Y., et al., A novel nonlinear road profile classification approach for controllable 

suspension system: Simulation and experimental validation. Mechanical 

Systems and Signal Processing, 2019. 125: p. 79-98. 

Cai, N., et al., On almost controllability of dynamical complex networks with noises. 

Journal of Systems Science and Complexity, 2019. 32(4): p. 1125-1139. 

Maiti, C.K. and T. Maiti, -Strain-Engineered MOSFETs, in Strain-Engineered 

MOSFETs. 2018, CRC Press. p. 136-163. 

Zhang, M., et al., Simulation study of a power MOSFET with built-in channel diode 

for enhanced reverse recovery performance. IEEE Electron Device Letters, 

2018. 40(1): p. 79-82. 

ARAKI, R., Semiconductor device having a decreased switching loss. 2019, Google 

Patents. 

Sato, T., et al., Trench MOSFET having an independent coupled element in a trench. 

2018, Google Patents. 

Pressman, A., Switching power supply design. 1997: McGraw-Hill, Inc. 

Harlow, J.H., Electric power transformer engineering. 2012: CRC press. 

Hurley, W.G. and W.H. Wölfle, Transformers and inductors for power electronics: 

theory, design and applications. 2013: John Wiley & Sons. 

Witulski, A.F., Introduction to modeling of transformers and coupled inductors. IEEE 

Transactions on power electronics, 1995. 10(3): p. 349-357. 

Hishiki, H., Flyback transformer having coil arrangement capable of reducing 

leakage of magnetic flux. 1992, Google Patents. 

http://focus/


162 

Bhukya, M.N., V.R. Kota, and S.R. Depuru, A Simple, Efficient, and Novel Standalone 

Photovoltaic Inverter Configuration With Reduced Harmonic Distortion. IEEE 

Access, 2019. 7: p. 43831-43845. 

Murakami, Y., T. Kimura, and M. Ouchi, Relay method and relay device. 2018, 

Google Patents. 

Shannon, C.E., A symbolic analysis of relay and switching circuits. Electrical 

Engineering, 1938. 57(12): p. 713-723. 

Huntington, E., Independent postulates for the “informal” part of Principia 

Mathematica. Bulletin of the American Mathematical Society, 1934. 40(2): p. 

127-136. 

Rashidi, S., J.A. Esfahani, and A. Rashidi, A review on the applications of porous 

materials in solar energy systems. Renewable and Sustainable Energy 

Reviews, 2017. 73: p. 1198-1210. 

Siano, P., Demand response and smart grids—A survey. Renewable and sustainable 

energy reviews, 2014. 30: p. 461-478. 

Association, E.I., EIA Standard RS-232-C Interface Between Data Terminal 

Equipment and Data Communication Equipment Employing Serial Data 

Interchange. Greenlawn NY, 1969. 

Chatzivasiliadis, S., N. Hatziargyriou, and A. Dimeas. Development of an agent based 

intelligent control system for microgrids. in Power and Energy Society General 

Meeting-Conversion and Delivery of Electrical Energy in the 21st Century, 

2008 IEEE. 2008. IEEE. 

Ferro, E. and F. Potorti, Bluetooth and Wi-Fi wireless protocols: a survey and a 

comparison. IEEE Wireless Communications, 2005. 12(1): p. 12-26. 

Ye, Y. and K.W.E. Cheng, Single-switch single-inductor multi-output pulse width 

modulation converters based on optimised switched-capacitor. IET power 

electronics, 2015. 8(11): p. 2168-2175. 

Banaei, M.R. and H.A.F. Bonab, A novel structure for single-switch nonisolated 

transformerless buck–boost DC–DC converter. IEEE Transactions on 

Industrial Electronics, 2017. 64(1): p. 198-205. 

Costa, L., G. Buticchi, and M. Liserre, A Fault-Tolerant Series-Resonant DC–DC 

Converter. IEEE Transactions on Power Electronics, 2017. 32(2): p. 900-905. 



 

 

163 

Costa, L.F., G. Buticchi, and M. Liserre, Highly Efficient and Reliable SiC-Based DC–

DC Converter for Smart Transformer. IEEE Transactions on Industrial 

Electronics, 2017. 64(10): p. 8383-8392. 

Dasika, J.D., et al., Multivariable control of single-inductor dual-output buck 

converters. IEEE Transactions on Power Electronics, 2014. 29(4): p. 2061-

2070. 

Du, S., et al., A transformerless bipolar multistring DC–DC converter based on series-

connected modules. IEEE Transactions on Power Electronics, 2017. 32(2): p. 

1006-1017. 

Duong, M., et al. Effect of component design on the DC/DC power converters 

dynamics. in Advanced Topics in Electrical Engineering (ATEE), 2017 10th 

International Symposium on. 2017. IEEE. 

Hu, X. and C. Gong, A high voltage gain DC–DC converter integrating coupled-

inductor and diode–capacitor techniques. IEEE transactions on power 

electronics, 2014. 29(2): p. 789-800. 

Kumar, M., M. Ashirvad, and Y.N. Babu, An integrated Boost-Sepic-Ćuk DC-DC 

converter with high voltage ratio and reduced input current ripple. Energy 

Procedia, 2017. 117: p. 984-990. 

Lee, K.-H., et al., A family of high-frequency single-switch DC–DC converters with 

low switch voltage stress based on impedance networks. IEEE Transactions on 

Power Electronics, 2017. 32(4): p. 2913-2924. 

Liang, T.-J., et al., Ultra-large gain step-up switched-capacitor DC-DC converter with 

coupled inductor for alternative sources of energy. IEEE Transactions on 

Circuits and Systems I: Regular Papers, 2012. 59(4): p. 864-874. 

Liang, T.-J. and K. Tseng, Analysis of integrated boost-flyback step-up converter. IEE 

Proceedings-Electric Power Applications, 2005. 152(2): p. 217-225. 

Lu, Y., J. Jiang, and W.-H. Ki, A multiphase switched-capacitor DC–DC converter 

ring with fast transient response and small ripple. IEEE Journal of Solid-State 

Circuits, 2017. 52(2): p. 579-591. 

Marjani, J., et al. A new dual output DC-DC converter based on SEPIC and Cuk 

converters. in Power Electronics, Electrical Drives, Automation and Motion 

(SPEEDAM), 2016 International Symposium on. 2016. IEEE. 



164 

Modepalli, K., et al., Three-Phase Current-Fed Isolated DC–DC Converter With Zero-

Current Switching. IEEE Transactions on Industry Applications, 2017. 53(1): 

p. 242-250. 

Nagarajan, R., et al., Performance Analysis of Synchronous SEPIC Converter for a 

Stand-Alone PV System. International Journal of Emerging Technologies in 

Engineering Research (IJETER), 2017. 5(5): p. 12-16. 

Nami, A., et al., Multi-output DC–DC converters based on diode-clamped converters 

configuration: topology and control strategy. IET power electronics, 2010. 

3(2): p. 197-208. 

Niknejad, P., T. Agarwal, and M. Barzegaran. Using gallium nitride DC-DC converter 

for speed control of BLDC motor. in Electric Machines and Drives Conference 

(IEMDC), 2017 IEEE International. 2017. IEEE. 

Notman, A. and M. McCloy-Stevens, DC-DC converter with low side switch control. 

2013, Google Patents. 

Seo, G.-S. and H.-P. Le. An inductor-less hybrid step-down DC-DC converter 

architecture for future smart power cable. in Applied Power Electronics 

Conference and Exposition (APEC), 2017 IEEE. 2017. IEEE. 

Shen, H., B. Zhang, and D. Qiu, Hybrid Z-source boost DC–DC converters. IEEE 

Transactions on Industrial Electronics, 2017. 64(1): p. 310-319. 

Singh, S., Selection of non-isolated DC-DC converters for solar photovoltaic system. 

Renewable and Sustainable Energy Reviews, 2017. 76: p. 1230-1247. 

Sivakumar, S., et al., An assessment on performance of DC–DC converters for 

renewable energy applications. Renewable and Sustainable Energy Reviews, 

2016. 58: p. 1475-1485. 

Siwakoti, Y.P. and F. Blaabjerg, Single Switch Nonisolated Ultra-Step-Up DC–DC 

Converter With an Integrated Coupled Inductor for High Boost Applications. 

IEEE Transactions on Power Electronics, 2017. 32(11): p. 8544-8558. 

Tomaszuk, A. and A. Krupa, High efficiency high step-up DC/DC converters-a review. 

Bulletin of the Polish Academy of Sciences: Technical Sciences, 2011. 59(4): 

p. 475-483. 

Wai, R.-J. and K.-H. Jheng, High-efficiency single-input multiple-output DC–DC 

converter. IEEE Transactions on Power Electronics, 2013. 28(2): p. 886-898. 

Walker, G.R. and P.C. Sernia, Cascaded DC-DC converter connection of photovoltaic 

modules. IEEE transactions on power electronics, 2004. 19(4): p. 1130-1139. 



 

 

165 

Wang, J.-M. and S.-T. Wu, A Synchronous Buck DC–DC Converter Using a Novel 

Dual-Mode Control Scheme to Improve Efficiency. IEEE Transactions on 

power electronics, 2017. 32(9): p. 6983-6993. 

Zhang, J., Z. Wang, and S. Shao, A Three-Phase Modular Multilevel DC–DC 

Converter for Power Electronic Transformer Applications. IEEE Journal of 

Emerging and Selected Topics in Power Electronics, 2017. 5(1): p. 140-150. 

Kavitha, H., High Efficiency Single Input Multiple Output DC-DC Converter. 

International Journal of Informative & Futuristic Research, 2016. 3(5): p. 

1659-1668. 

Wai, R.-J. and J.-J. Liaw, High-efficiency-isolated single-input multiple-output 

bidirectional converter. IEEE transactions on power electronics, 2014. 30(9): 

p. 4914-4930. 

Chen, B.-W. and L.-R. Chang-Chien. Digitally controlled low cross-regulation single-

inductor dual-output (SIDO) buck converter. in 2015 IEEE International 

Symposium on Circuits and Systems (ISCAS). 2015. IEEE. 

Patra, P., A. Patra, and N. Misra, A single-inductor multiple-output switcher with 

simultaneous buck, boost, and inverted outputs. IEEE Transactions on Power 

Electronics, 2011. 27(4): p. 1936-1951. 

Beitel, C.J., et al., Solar panels with integrated cell-level MPPT devices. 2017, Google 

Patents. 

Buckley., B., MPPT - Maximum Power Point Tracking. . Online, (2010). Available: 

http://bryanwbuckley.com/projects/mppt.html. 

Cornea, O., et al., Bidirectional power flow control in a dc microgrid through a 

switched-capacitor cell hybrid DC–DC converter. IEEE Transactions on 

Industrial Electronics, 2017. 64(4): p. 3012-3022. 

Elsisi, M., et al., Bat inspired algorithm based optimal design of model predictive load 

frequency control. International Journal of Electrical Power & Energy 

Systems, 2016. 83: p. 426-433. 

Fu, D., et al., Decentralized and centralized model predictive control to reduce the 

bullwhip effect in supply chain management. Computers & Industrial 

Engineering, 2014. 73: p. 21-31. 

Gu, B., et al., High reliability and efficiency single-phase transformerless inverter for 

grid-connected photovoltaic systems. IEEE Transactions on Power Electronics, 

2013. 28(5): p. 2235-2245. 

http://bryanwbuckley.com/projects/mppt.html


166 

Albach, M., T. Durbaum, and A. Brockmeyer. Calculating core losses in transformers 

for arbitrary magnetizing currents a comparison of different approaches. in 

Power Electronics Specialists Conference, 1996. PESC'96 Record., 27th 

Annual IEEE. 1996. IEEE. 

Cogiore, B., J.P. Kéradec, and J. Barbaroux. The two winding ferrite core transformer: 

An experimental method to obtain a wide frequency range equivalent circuit. 

in Instrumentation and Measurement Technology Conference, 1993. IMTC/93. 

Conference Record., IEEE. 1993. IEEE. 

Wedley, T.C., Stacked inductive device assemblies and methods. 2011, Google 

Patents. 

Dent, P.W., Inverter with independent current and voltage controlled outputs. 2018, 

Google Patents. 

Trip, S., et al., Distributed averaging control for voltage regulation and current 

sharing in DC microgrids. IEEE Control Systems Letters, 2018. 3(1): p. 174-

179. 

Liu, J., et al. Single-inductor multiple-output converter for high-power LED 

applictions with independent current control based on SiC SBD. in 2018 IEEE 

Applied Power Electronics Conference and Exposition (APEC). 2018. IEEE. 

Ma, D., et al. A 1.8 V single-inductor dual-output switching converter for power 

reduction techniques. in VLSI Circuits, 2001. Digest of Technical Papers. 2001 

Symposium on. 2001. IEEE. 

Moon, Y.-J., et al., Load-independent current control technique of a single-inductor 

multiple-output switching DC–DC converter. IEEE Transactions on Circuits 

and Systems II: Express Briefs, 2012. 59(1): p. 50-54. 

Patra, P., J. Ghosh, and A. Patra, Control scheme for reduced cross-regulation in 

single-inductor multiple-output DC–DC converters. IEEE Transactions on 

Industrial Electronics, 2013. 60(11): p. 5095-5104. 

Patra, P., A. Patra, and N. Misra, A single-inductor multiple-output switcher with 

simultaneous buck, boost, and inverted outputs. IEEE Transactions on Power 

Electronics, 2012. 27(4): p. 1936-1951. 

Poon, J., et al., Model-based fault detection and identification for switching power 

converters. IEEE Transactions on Power Electronics, 2017. 32(2): p. 1419-

1430. 



 

 

167 

Qu, L., D. Zhang, and Z. Bao, Output Current-Differential Control Scheme for Input-

Series–Output-Parallel-Connected Modular DC–DC Converters. IEEE 

Transactions on Power Electronics, 2017. 32(7): p. 5699-5711. 

Sagar, P.S.V. and K.S. Swarup. Load frequency control in isolated micro-grids using 

centralized model predictive control. in Power Electronics, Drives and Energy 

Systems (PEDES), 2016 IEEE International Conference on. 2016. IEEE. 

Sekhar, G.C., et al., Load frequency control of power system under deregulated 

environment using optimal firefly algorithm. International Journal of Electrical 

Power & Energy Systems, 2016. 74: p. 195-211. 

Shen, Z., et al., Predictive digital current control of single-inductor multiple-output 

converters in CCM with low cross regulation. IEEE Transactions on power 

electronics, 2012. 27(4): p. 1917-1925. 

Thongbuaban, P. and N. Jantharamin. New switch-control technique for multiphase 

interleaved converters with current sharing and voltage regulation. in 

Electrical Machines and Systems (ICEMS), 2011 International Conference on. 

2011. IEEE. 

 

 

 

 

 

 

  




