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Abstract: As multiple input converters are gaining importance and the power electronic converters, dc-dc converters find 

applications in key areas such as dc drives, battery charging, electric traction, and renewable power generation and so on. 

While many topologies of dc-dc converters are popular, multiple input converters (MICs) have been emerging as practical 

and efficient means especially for hybrid energy systems.The use of multiple input converters topology enables operation 

at high switching frequency without sacrificing efficiency. High switching frequency of operation reduces the output filter 

requirement, which in turn helps in reducing the size of the converters. In this paper review work is done on the basis of 

analytical study and comparative analysis of different research work. 
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1. Introduction 

 

Multiple-input (MI) dc-dc converters have recently been developed to interface more than one power source with a load. By using 

modular MI dc-dc converters (MIC), it is possible to diversify the energy sources so that the power system availability can be 

increased. Furthermore, utilization of renewable and alternative sources can be increased by combining units with different 

technologies, or by integrating energy storage to provide energy buffer functions or to feed the load when the power sources are 

unavailable. For example, using MI converters allows for an effective combination of wind and photovoltaic sources, allowing for 

more options when planning a site location and size [1]. Possible application examples include telecommunication power 

systems, [2] health care buildings, utilities [3] and sustainable buildings as shown in Fig. 1. Recently, several MICs have been 

proposed and studied with the objective of effectively combining various power sources and energy storage elements [1]-[15]. 

However, since each of the topologies proposed in the literature has its own advantages and disadvantages, it is difficult to choose 

an appropriate topology for specified application. The authors of [4] and [5] reviewed some of the MIC topologies that had been 

proposed in the past. The reviews are based on topological issues, such as in which circuit point the different inputs are combined. 

Combination strategies include sharing the output filter capacitor [6],[7], sharing some switches and energy transfer inductor and 

capacitor [8],[9], and sharing a magnetic core [4],[10]. These input combination methods, mentioned in [4], are shown in Fig. 2. 

Even though these methods can provide some indications of the MIC characteristics, they are not sufficient to allow a definitive 

topology selection criterion. A definitive criterion is necessary because it is possible to have different characteristics even when 

the strategy to couple the inputs is the same. Thus, additional aspects need to be considered in order to realize a reasonable MICs 

comparison framework. Such a comparison may involve considering different design and operational aspects. Cost and reliability 

are important characteristics that need to be considered when comparing either single-input or multiple-input converter. However, 

such a comparison needs to consider additional aspects because of the specific requirements involved in using MICs to combine 

different alternative power generation units in an effective way. Hence, in this work, two comparison aspects-flexibility and 

potential modularity-are also considered in addition to cost and reliability. A detailed description of these four comparison aspects 

is also included in this paper. 

 
(a)  
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(b) 

Fig. 1 (a),(b): Block diagram of DC/DC regulator/ Converter  

 
 

(a) 

 

 
 

(b) 
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(c) 

Fig. 2: Combining methods of MI dc-dc converter (a) sharing the output filter capacitor (b) sharing the switch, inductor and/or 

capacitor (c) sharing the magnetic core 

 

This paper is organized in the following manner: In the next section (Section II), three new MIC topologies are suggested. The 

comparison among ten different topologies is performed in Section III. Section IV includes a brief discussion of the observations 

made through the comparison. Finally, the paper summarizes some conclusions in Section V. 

 

2.  Mi Dc-Dc Converters Comparison 

This section compares ten MICs, including the three proposed in Section II. This ten MIC topologies, indicated in Table I, where 

selected because they all present relatively significant differences both in their topologies and operation. 

 

 
Fig. 3:MICUK converter 

 

 
 

Fig. 4: MISEPIC converter 
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Fig. 5: Switching Strategy for MICUK, MISEPIC and 

MIG1 

 

 
Fig. 6: MIG1 converter  

 

This section compares ten MICs, including the three proposed in Section II. This ten MIC topologies, indicated in Table I, where 

selected because they all present relatively significant differences both in their topologies and operation. The objective is to 

provide a simple, but reasonable way to identify the most suitable topology in a given application involving the integration of 

alternative energy sources. The converters in Table I are treated in their simplest form. That is to say, control parts, additional 

stages to provide a given functionality, such as zero-voltage switching, or filters to provide a modified input or output interface, 

are not considered in this section. Especially important is the avoidance of current source interfaces in converters that have a 

switch input current characteristic, to make them more suitable to integrate some alternative power sources, such as fuel cells. The 

reason is that such an inclusion would affect the basis for a reasonable comparison among topologies. The most prominent 

advantage of using MICs over single input dc-dc counterparts is to provide a cost-effective solution and an improved availability 

system through the implementation of modular components. In addition, reliability and flexibility should also be considered when 

selecting the appropriate topology for a desired application. These four comparison categories are shown in Table II. These 

categories are selected because they provide important features to integrate alternative energy sources in an economical and 

technically sound way. The results are summarized in Table II based on relative evaluation of the topologies under considerations. 

The results can be interpreted in the following way: ‘*’ in a given converter indicates that it has better attribute than ‘-’or ‘0’ in 

other converters in the same category. Similarly, ‘0’ represents better attribute than ‘-’. Hence, ‘****’ should not be interpreted as 

four times better than ‘*’ but should be interpreted as merely better than “***’. To avoid this kind of confusion, the scaling by 

numbers such as 1, 2, 3… are not used for the comparisons. 
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TABLE I ABBREVIATED IDENTIFICATION OF MI TOPOLOGIES 

Abbreviation Description 

MISEPIC multiple input SEPIC 

MICUK multiple input CUK 

MIbB multiple input buck-boost 

MIB multiple input boost 

MIb multiple input buck 

MIFB multiple input full-bridge 

MIHB multiple input half-bridge 

MIF multiple input flyback 

MIBbB multiple input boost/buck-boost 

MIG1(1) multiple input G1(1) 

 

A. Expected Cost 

Expected cost is compared based on the assumption that each MIC has four input legs, each of them with the same power rating. 

In the MIBbB case, cost is estimated assuming that the four input legs are equally divided between boost inputs and buck-boost 

inputs. When compared to equivalent system configurations using single input converters, cost savings in MICs are achieved by 

maximizing the number of components in their common stage. Hence, cost tends to be reduced as the number of common 

components is increased. Consequently, input legs connection at the output filter capacitor (Fig. 2 (a)) tends to provide few cost 

savings because the only common component is the common output capacitor. Since transformers tend to be relatively costly to 

produce, input legs connection at a common magnetic core (Fig. 2 (c)) can be even more expensive. Thus, MIFB converter cost 

tends to be the higher because it not only has a transformer to interconnect the inputs, but also has more switches in the input legs. 

 

B. Modularity Potential 

Modularity potential considers how easy it is to develop each of the converters in a modular way. Because a modular converter 

can improve availability by reducing the off-line time, modularity potential should be an important factor choosing a MIC 

topology. In order to compare the modularity potential, input combining methods (Fig. 2), and number and type of devices needed 

for each input module are considered. Among the methods, output filter capacitor sharing is considered to be the simplest way to 

make a module. On the contrary, interconnection through a magnetic core is considered as the most complex method in terms of 

creating modules. The reason is that when the design requires an specific winding for each input that needs to be pre-wired into 

the core. Configurations in which the common stage includes at least one switch (e.g. a diode) tend to be slightly more difficult to 

modularize than configurations in which only the output capacitor is shared, because mechanical and thermal requirements are 

added, such as the need to mount the diode and the switch on different heat sinks.  

 

C. Reliability 

MICs’ reliability can be lower than that of parallel connection of equivalent single-input dc-dc converter configurations. The 

reason is that MICs share some components, which may act as a single point of failures. Thus, reliability decreases as the number 

of common components increases. Another factor to consider when evaluating reliability is the reliability of each individual part 

being shared and how much stress each part is receiving. For example, sharing electrolytic capacitors is worse than sharing 

inductors. Also switches tend to have a higher failure rate when the reverse blocking voltage is higher. Hence Table II 

consider three aspects when comparing reliability: number of common components, type of common components and voltage 

stress across the switch. Current stress is not considered because same power rating is assumed. Likewise, since every component 

is considered ideal, stress from current and voltage spikes are ignored. Table II shows that both the MIFB converter is the least 

reliable of all MI converters because the voltage stress on the input switches is higher than that on other converters with large 

number of components, such as the MIHB. 

 

TABLE II MI DC-DC CONVERTERS COMPARISON 

Topology Expected Cost Modularity Potential Reliability Flexibility 

MISEPIC 0 0 0 ** 

MICUK 0 0 0 ** 

MIbB * 0 * 0 

MIB 0 * ** * 

MIb * 0 * - 

MIFB - -- --- 0 

MIHB - 0 -- **** 

MIF * 0 0 0 

MIBbB 0 - * *** 

MIG1(1) 0 0 - * 
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D. Flexibility 

Flexibility in MIC means that the topology is compatible with different kinds of input sources. To compare the flexibility in Table 

II, two factors are considered. First, the type of input interface is considered, namely, current source converter (CSC) or voltage 

source converter (VSC). Since one of the main goals of using MICs is to combine different input sources, it is important to 

consider each topology input interface so that different source technologies can be integrated. Besides, having different sources 

increases overall availability by diversifying the input. In particular, some input sources such as fuel-cell require a low ripple 

current present in CSC. Other sources, such as photovoltaic modules also require CSC to implement some maximum power 

racking controls. Second, the conversion ratio is considered. 

In MICs, it is desirable that a given topology provides a wide input and output voltage ranges. That is, only step-up or stepdown 

conversion converter is less flexible than the converter that can do both step-up and step-down function. In that sense, the 

existence of a transformer can be beneficial because it may provide a large input-to-output voltage ratio. Hence, Table II indicates 

that the MIHB has the highest flexibility since it is a CSC and has a transformer. The MIBbB also has a high flexibility in that it is 

a CSC and it is possible to do step-up and down conversion. 

Among the new proposed topologies MICUK and MISEPIC tend to provide a high degree of flexibility because they are CSC and 

the output voltage can be stepped up and down. Although the MIG1(6) converter can also step up or step down the input voltage, 

it does not have a same degree of flexibility since it is a VSC. Output voltage profile of this converter has an additional interesting 

characteristic: as the duty cycle tends to 0.5, the output voltage tends to become several times that of the input. Hence, MIG1(6) 

can be useful when transformer-less implementation of high step-up conversion, such as achieving 400 V output with a 48 V 

input, is desired. 

 

E. MI CUK and MISEPIC 

Usually, buck, boost, buck-boost, CUK, and SEPIC converters are considered to be the five basic topologies. This section 

introduces an alternative to the MI CUK (MICUK) and MI SEPIC (MISEPIC) presented in [11]. Contrary to [11], the   topologies 

suggested here supply power to the load at different intervals during the switching period. Both of the topologies shown here in 

Figs. 3 and 4 combine the input sources by sharing the energy transfer inductor, the output filter capacitor and the diode, with the 

method shown in Fig. 2. (b). For the sake of the analytical convenience, it is assumed that all duty cycles are realized with the 

same carrier signal so that the leading edges of all switching signals occur simultaneously, as shown in Fig. 5 [8]. Because of the 

time sharing concept, i.e., no two input sources deliver power simultaneously, there exists an effective duty cycle which differ 

from the commanded duty cycle in all input legs in which there exists at least one source in another leg with a higher voltage [9]. 

Hence, the effective duty cycle Deff is the portion of the switching period when the switch conducts current [4]. 

 

F. MIG1 

In this section, another possible MIC is proposed. The topology is derived from the single input version, called G1(6) in Table II 

in [14]. When both inductors are coupled, the single input converter G1(6) is similar to an inverse Watkins-Johnson converter. To 

simplify the analysis, this paper consider that the inductors are uncoupled, leaving a more detailed analysis of the circuit, 

including the inverse Watkins-Johnson version for future work. The proposed schematic of the MIG1(6) converter is shown in 

Fig. 6. As in the MICUK and the MISEPIC suggested in part B of this section, the input to output voltage relationship is also a 

function of Deff. 

 

3. Discussion 

The Table II can be used for choosing the appropriate MIC topology in a given application. In a simple example, when low cost is 

the driving design goal, then either one of MIb, MIbB and MIF can be a good topology. If flexibility and modularity are what 

matters, then the MIBbB can be a good choice or if the flexibility is the most important factor then the MIHB can be an 

appropriate topology. If having only step-up conversion ratio is not a design issue, then MIB might be the chosen topology. As 

shown in Table II, there are five topologies that do not have negative evaluations: MIB, MIbB, MICUK, MISEPIC, and FB. 

Among them, the MIB is the only one that only has three positive evaluations in the four categories. Hence, if voltage-step down 

function is not needed, MIB seems to provide a good trade-off option for many applications. Since MIBbB is the only topology 

which integrates different inputs, it could obtain relatively high flexibility without negatively affecting in any other category. 

Hence, MIBbB could also be a good general purpose topology. MISEPIC and MICUK converters provide very good flexibility. 

However, their use in a variety of application might be affected by neutral scores in all other categories. 

 

4. Conclusion 
In this paper work, ten MI dc-dc converter topologies are compared. To simplify the analysis and provide a direct way of 

selecting the most suitable option for a given application, the comparison includes four characteristics that are considered to be 

the most significant ones: modularity, potential, cost, flexibility, and reliability. As part of the assessment, focus is given to how 

appropriate each topology is for integration of a variety of alternative energy sources Future work on MI dc-dc converter 

comparison could consider the option of having bi-directional ports as part of the flexibility category, and alternative control 

methods in the modularity potential and the flexibility categories. In addition, control of soft switching techniques and isolation 

problems could also be considered in future analysis within the reliability category.  

 

 

 

 

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org


© 2017 IJEDR | Volume 5, Issue 2 | ISSN: 2321-9939 

 

IJEDR1702238 International Journal of Engineering Development and Research (www.ijedr.org) 1518 

 

References 

[1] P. Gueguen, "How power electronics will reshape to meet the 21st century challenges?," In Power Semiconductor Devices 

& IC's (ISPSD), 2015 IEEE 27th International Symposium on , vol., no., pp.17-20, 10-14 May 2015. 

[2] F. Blaabjerg ; A. Consoli ; J.A. Ferreira ; J.D. van Wyk,  "The future of electronic power Processing and conversion," 

In Power Electronics, IEEE Transactions on , vol.20, no.3, pp.715-720, May 2005. 

[3] J. Cao; A. Emadi, "A New Battery/Ultra Capacitor Hybrid Energy Storage System for Electric, Hybrid, and Plug-In Hybrid 

Electric Vehicles," In Power Electronics, IEEE Transactions on, vol.27, no.1, pp.122-132, Jan. 2012. 

[4] F. Valenciaga; P.F. Puleston, "Supervisor control for a stand-alone hybrid generation system using wind and photovoltaic 

energy," In Energy Conversion, IEEE Transactions on , vol.20, no.2, pp.398-405, June 2005. 

[5] S. Kumar; H.P. Ikkurti, "Design and control of novel power electronics interface for battery-ultracapacitor Hybrid Energy 

Storage System," In Sustainable Energy and Intelligent Systems (SEISCON 2011), International Conference on, vol., no., 

pp.236-241, 20-22 July 2011. 

[6] S.H. Choung; A. Kwasinski, "Multiple-input DC-DC converter topologies comparison," In Industrial Electronics, 2008. 

IECON 2008. 34th Annual Conference of IEEE, vol., no., pp.2359-2364, 10-13 Nov. 2008. 

[7] Wu Hongfei; Xu Peng; Hu Haibing; Zihu Zhou; Yan Xing, "Multiport Converters Based on Integration of Full-Bridge and 

Bidirectional DC–DC Topologies for Renewable Generation Systems," In Industrial Electronics, IEEE Transactions on , 

vol.61, no.2, pp.856-869, Feb. 2014. 

[8] H. Tao; A. Kotsopoulos; J.L. Duarte; M.A.M. Hendrix, "Family of multiport bidirectional DC-DC converters," In Electric 

Power Applications, IEEE Proceedings - , vol.153, no.3, pp.451-458, 1 May 2006. 

[9] J.T. Hawke; H.S. Krishnamoorthy; P.N. Enjeti, "A multiport power sharing converter topology for renewable-to-grid 

interface," In Energy Conversion Congress and Exposition (ECCE), 2014 IEEE , vol., no., pp.4992-4999, 14-18 Sept. 2014. 

[10] O. Hegazy; M. El Baghdadi; J. Van Mierlo; P. Lataire; T. Coosemans, "Analysis and modeling of a bidirectional multiport 

DC/DC power converter for battery electric vehicle applications," In Power Electronics and Applications (EPE'14-ECCE 

Europe), 2014 16th European Conference on , vol., no., pp.1-12, 26-28 Aug. 2014. 

[11] L. Kumar; S. Jain, "Multiple-input DC/DC converter topology for hybrid energy system," In Power Electronics, IET, vol.6, 

no.8, pp.1483-1501, September 2013. 

[12] K.K. Gupta; S. Jain, "A Novel Multilevel Inverter Based on Switched DC Sources," In Industrial Electronics, IEEE 

Transactions on , vol.61, no.7, pp.3269-3278, July 2014. 

[13] K.K. Gupta; S. Jain, "Topology for multilevel inverters to attain maximum number of levels from given DC sources," 

In Power Electronics, IET, vol.5, no.4, pp.435-446, April 2012. 

[14] M. Angulo; P. Lezana; S. Kouro; J. Rodriguez; B. Wu, "Level-shifted PWM for cascaded multilevel inverters with even 

power distribution,"  In Proceedings of the IEEE Power Electronic. Spec. Conf., pp.2373 -2378.  

[15] Shailesh Kumar; Anjanee Kumar; ” A Methodology for Even Power Sharing among Input Sources in a Multiple-Input DC-

DC Converter Topology” In International Journal of Science and Research (IJSR) ISSN (Online): pp 1466-1469,Volume5, 

Issue1, January 2016. 

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

