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Abstract: In this Paper, a Dual Input buck - boost DC-DC (DIDC) converter is introduced for the 
integration of two input energy sources. The converter is capable of integrating energy sources 
which have different V-I characteristics. The output equation of the DIDC converter is derived 
from different working states using voltage - second principle. The voltage and current stress 
analysis of the converter are also carried out. The detailed study of the converter is conducted in 
the MATLAB/Simulink platform and the results are validated through laboratory experiments.   
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1. Introduction
A suitable power electronic converter is an essential requirement to fulfill the realization of

the concept of Hybrid Energy System (HES). Usually single input DC-DC converters that are 
connected in parallel configuration are widely opted to integrate multiple energy sources. In 
addition, a DC-AC inverter circuit is also required for powering AC loads from the HES system. 
Typical DC-DC boost, buck and buck-boost converter are used as the major power electronic 
interface in most of the HES related literature papers. The SEPIC and Ćuk converter are also 
used in some of the applications for the integration of input energy sources [1]-[4]. Complex 
control strategies, high cost, bulk size and lower efficiency are the outcomes of the traditional 
integration method using parallel connected single input DC-DC converters. So the concept of 
Multi-Input DC-DC (MIDC) converters is introduced to outshine the demerits of usual methods. 
The MIDC converters can be basically classified into isolated type MIDC converter and non-
isolated type MIDC converter. Single/multiple winding transformers are available in the isolated 
type MIDC converters to provide electrical isolation between the input and load side. 
 However, the presence of transformer and the associated peripheral circuit requirements 
makes isolated type MIDC converters complex and bulky structure, high manufacturing cost, 
lower efficiency and more dependent on circuit parameters. Hence the use of non-isolated MIDC 
converters is preferred in the applications where efficiency and cost of the system are significant 
concerns. 
 A structure of multi input buck-boost DC-DC converter is proposed in [5]. The proposed 
topology is capable to integrate multiple energy sources with distinct voltage-current 
characteristics. The proposed topology has lower component count with comparatively good 
efficiency profile. The converter is only capable to perform the buck-boost mode of operation. 
A generalized and systematic approach to extract MIDC converters is introduced in [6]-[7]. Here 
the proposed topologies can ensure the power flow from all the input energy sources to the load. 
The concept of integrating PVSC and PCSC with the conventional DC-DC converters like boost, 
buck, buck-boost, SEPIC, Ćuk, ZETA etc., to develop different MIDC converters is explained 
in a detailed manner. 
 A dual input DC-DC buck type converter for hybrid power system application is presented 
in [8]. The mathematical model of the converter has been derived for the purpose of investigating 
the dynamic and steady state behavior of the converter. The concept of the MIDC converter with 
cascading structure has been explained in [9]. The proposed converter is boost type converter 
with comparatively high voltage gain. A fuzzy logic control has been developed for the purpose 
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of voltage regulation and maximum power point tracking. A dual input DC-DC converter 
devoted to low or high voltage input sources are introduced in [10]. Similarly, various MIDC 
converters for the applications like DC microgrid, renewable energy integration etc., are reported 
in [11]-[26]. 
 A Dual Input buck - boost DC-DC (DIDC) converter is introduced in this paper for the 
integration of two input energy sources. The converter is capable of integrating energy sources 
which have different V-I characteristics. Detailed analysis and performance evaluation of the 
converter are included in this paper. 

2. Dual Input Buck-boost DC-DC Converter
As reported in the literature, dual input DC-DC converters are widely used for integrating

different input energy sources. These sources have different voltage-current (V-I) characteristics. 
So, it is important to select a suitable DC-DC converter that can accommodate input energy 
sources which have different characteristics, with lower part count and compact structure. A 
Dual Input buck-boost DC-DC (DIDC) converter is presented for the integration of two input 
energy sources with distinct V-I characteristics and the basic circuit diagram of the converter is 
shown in Figure 1. In the DIDC converter, two input energy sources i.e., source -1 (i.e., V1), and 
source - 2 (i.e., V2) share a single inductor ‘L’ through two power switches S1 and S2 that are 
connected to the respective sources. Two diodes Da and Db are connected in series with the 
switches S1 and S2 respectively to avoid the flow of circulating current between the sources. The 
output side of the converter consists of a diode ‘D’ and a capacitor ‘C’ which are connected in 
parallel with the load. 

A. Working States of DIDC Converter
Based on the operation of the power switches in the DIDC converter, the converter has three

working states in a single switching cycle. The inductor voltage and inductor current variations 
due to the change of working states over a single switching cycle have been illustrated in the 
analytical waveforms shown in Figure 2. 
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Figure 1. Circuit diagram of the DIDC converter. 

State 1: 
In this state, the switch S1 is conducting, while the switch S2 and diode D are OFF. Here, the 
inductor is charged by source -1 as shown in Figure 3.  By applying KVL to the loop containing 
source V1, switch S1 and the inductor L, the voltage across the inductor L is 

𝑉𝑉1 = 𝐿𝐿 𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

    (1) 
By applying KCL at the load side, 

𝐶𝐶 𝑑𝑑𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝐶𝐶
𝑅𝑅𝑅𝑅

= 0    (2) 

State 2: 
In this state, the switch S2 is turned ON, while the switch S1 and diode D are non-conducting. 
Hence, the inductor is charged by source V2 as shown in Figure 4. By applying KVL to the loop 
containing source V2, switch S2 and the inductor L, the voltage across the inductor L is 

𝑉𝑉2 = 𝐿𝐿 𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

           (3)   
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By applying KCL at the load side 

𝐶𝐶 𝑑𝑑𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝐶𝐶
𝑅𝑅𝑅𝑅

= 0          (4)  
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Figure 2. Analytical waveform of switching signal, inductor voltage and current, for DIDC 
converter. 
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Figure 3. Converter operation with switch S1 closed and S2 opened. 
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Figure 4. Converter operation with switch S2 closed and S1 opened. 
State 3: 
In this mode, both switches (i.e., S1 and S2) are OFF. Thus the inductor is dissipated its energy 
to the load and the capacitor as shown in Figure 5. The diode D acts as a freewheeling diode, 
when the inductor delivers energy to the load. By applying KVL to the loop containing inductor 
L, diode D, capacitor C, and the load resistance R, the voltage across the inductor L can be 
calculated as: 

−𝑉𝑉𝐶𝐶 = 𝐿𝐿 𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

    (5) 
By applying KCL at the load side, 

𝐶𝐶 𝑑𝑑𝑑𝑑𝐶𝐶
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝐶𝐶
𝑅𝑅𝑅𝑅

= 𝐼𝐼𝐿𝐿           (6) 
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Figure 5. Converter operation with switches S1 and S2 opened. 

 The three modes of operation of the DIDC converter are explained so far. For computing the 
relation between the output voltage of the converter with respect to the input voltages, the Volt-
Second (V-S) balance principle of the inductor is used. As per the voltage second balance 
principle, 

𝑉𝑉1𝑑𝑑1𝑇𝑇 + 𝑉𝑉2𝑑𝑑2𝑇𝑇 − 𝑉𝑉0(1 − 𝑑𝑑1 − 𝑑𝑑2)𝑇𝑇 = 0    (7) 
Dividing the above equation by the switching period 𝑇𝑇and further simplification,

𝑉𝑉1𝑑𝑑1 + 𝑉𝑉2𝑑𝑑2 − 𝑉𝑉0(1 − 𝑑𝑑1 − 𝑑𝑑2) = 0    (8) 
From the above equation, the output voltage of the DIDC converter is given by: 

𝑉𝑉0 = 𝑉𝑉1𝑑𝑑1+𝑉𝑉2𝑑𝑑2
(1−𝑑𝑑1−𝑑𝑑2) 

    (9) 
 Since the converter already has a negatively referenced output voltage like the conventional 
buck-boost converter as shown in Figure 1, (9) does not contain any negative sign. The design 
equations of the DC-DC buck boost converter are shown below. Like the conventional buck-
boost converter, the value of the inductor can be calculated based on the ripple content ∆𝑖𝑖𝐿𝐿 in the 
inductor current. Referring to the analytical waveform of the converter shown in Figure 2, the 
slopes of the inductor current for the period 𝑑𝑑1𝑇𝑇 and 𝑑𝑑2𝑇𝑇  are  

𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

= ∆𝑖𝑖𝐿𝐿
∆𝑡𝑡

= ∆𝑖𝑖𝐿𝐿
𝑑𝑑1𝑇𝑇

= 𝑉𝑉1
𝐿𝐿

  (10) 
𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

= ∆𝑖𝑖𝐿𝐿
∆𝑡𝑡

= ∆𝑖𝑖𝐿𝐿
𝑑𝑑2𝑇𝑇

= 𝑉𝑉2
𝐿𝐿

  (11) 
Similarly, slope of the inductor current for the period(1 − 𝑑𝑑1 − 𝑑𝑑2)𝑇𝑇 is 

𝑑𝑑𝑑𝑑𝐿𝐿
𝑑𝑑𝑑𝑑

= ∆𝑖𝑖𝐿𝐿
∆𝑡𝑡

= ∆𝑖𝑖𝐿𝐿
(1−𝑑𝑑1−𝑑𝑑2)𝑇𝑇

= 𝑉𝑉0
𝐿𝐿

  (12) 
Here since the inductor current slopes are different for different ON periods, it is better to 
estimate the value of ‘L’ using the inductor current slope shown in (12) as given below: 

𝐿𝐿 = 𝑉𝑉0(1−𝑑𝑑1−𝑑𝑑2)
∆𝐼𝐼𝐿𝐿𝑓𝑓

           (13) 

where, ∆𝑖𝑖𝐿𝐿  is assumed as 10 % of 𝐼𝐼𝑖𝑖𝑖𝑖 + 𝐼𝐼0 in this study, and 𝑓𝑓 = 1 
𝑇𝑇

 is the switching frequency in
Hz. 
The value of the capacitor is calculated by the principle of the amp-second rule. So, it can be 
derived as follows: 

∆𝑄𝑄 = 𝐶𝐶∆𝑉𝑉0 = 𝐼𝐼0𝑑𝑑𝑑𝑑  (14) 
But here, 𝑑𝑑𝑑𝑑 = (𝑑𝑑1 + 𝑑𝑑2)𝑇𝑇 and 𝐼𝐼0 = 𝑉𝑉0

𝑅𝑅
, so, (14) can be modified as 

𝐶𝐶 = 𝑉𝑉𝑜𝑜(𝑑𝑑1+𝑑𝑑2)
𝑅𝑅∆𝑉𝑉𝑜𝑜𝑓𝑓

      (15) 
 Where,  ∆𝑉𝑉𝑜𝑜 is the ripple voltage and it is assumed as 2 % of 𝑉𝑉0 in this study. Based on the 
three working states of the DIDC converter, the output voltage of the converter and the values 
of L and C are obtained.  

B. Voltage and Current Stress Analysis
Appropriate selection of the power switches and diodes present in the converter is very

crucial for the efficient and cost effective operation of the DIDC converter. Hence, the voltage 
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and current stress analysis of the switching devices of the converter has to be conducted to make 
sure their excellent and optimized selection. The maximum value of peak voltage across the 
switches S1, S2 in DIDC converter is V1, V2 respectively. Hence the voltage stress of the power 
switches can be extracted as follows: 

State 1 operation: 
According to state 1 operation, shown in Figure 3, the voltage stress across the switch S1 is zero. 
By applying the KVL to the loop of V1, V2, S1 and S2, the voltage stress across the switch S2 is 
derived as given below:   

𝑉𝑉𝑆𝑆2_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑉𝑉2−  𝑉𝑉1  (16) 

State 2 operation: 
According to state 2 operation, shown in Figure 4, the voltage stress across the switch S2 is zero. 
By applying the KVL to the loop of V1, V2, S1 and S2, the voltage stress across the switch S1 is 
derived as: 

𝑉𝑉𝑆𝑆1_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑉𝑉1−  𝑉𝑉2  (17) 

State 3 operation: 
According to state 3 operation, shown in Figure 5, the voltages stress across the switches S1 and 
S2 are extracted as follows: 

𝑉𝑉𝑆𝑆1_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑉𝑉1  (18) 
𝑉𝑉𝑆𝑆2_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑉𝑉2  (19) 

 The current stress analysis of the switches can be performed out based on the different 
operating conditions of the converter which are already described. The current stress values for 
the power switches are derived as given below: 

Current through switch S1 (i.e., 𝐼𝐼𝑆𝑆1) = �
𝐼𝐼𝐿𝐿 for 𝑑𝑑1𝑇𝑇

0 for (1 − 𝑑𝑑1)𝑇𝑇  (20) 

 

 Current through switch S2 (i.e.,𝐼𝐼𝑆𝑆2) = �
𝐼𝐼𝐿𝐿 for 𝑑𝑑2𝑇𝑇

0 for (1 − 𝑑𝑑2)𝑇𝑇  (21) 

The diode current ID for DIDC converter is given as 

𝐼𝐼𝐷𝐷 = �𝐼𝐼𝐿𝐿  for (1 − 𝑑𝑑1 − 𝑑𝑑2)𝑇𝑇
0 for (𝑑𝑑1 + 𝑑𝑑2)𝑇𝑇   (22) 

 Hence, the current stress of the switches is derived as the sum of current through the switch 
during the particular time interval and associated inductor current ripple. The inductor current 
ripple for each time interval can be derived from (10) – (12). So, the current stress of the 
semiconductor devices available in the converter shall be expressed as: 
 Current stress of the switch S1 (𝐼𝐼𝑆𝑆1_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) = 𝐼𝐼𝐿𝐿 +  𝑉𝑉1𝑑𝑑1

𝐿𝐿𝐿𝐿
  (23) 

 Current stress of the switch S2 (𝐼𝐼𝑆𝑆2_𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) = 𝐼𝐼𝐿𝐿 +  𝑉𝑉2𝑑𝑑2
𝐿𝐿𝐿𝐿

  (24) 
 Current stress of the diode D 

 𝐼𝐼𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐼𝐼𝐿𝐿 + 𝑉𝑉0(1−(𝑑𝑑1+𝑑𝑑2))
𝐿𝐿𝐿𝐿

  (25) 

From the analysis, it is noticed that the input source voltage magnitude is the major deciding 
factor for the currents stress values through the power switches, and the magnitude of the output 
voltage is the major deciding factor for the diode current stress. Hence the detailed investigation 
of the voltage and current stresses values of the power switches and diodes are helpful for the 
proper selection of the switching devices. 

3. Simulation Analysis 
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 The simulation studies of the presented DIDC converter are performed in 
MATLAB/Simulink platform by considering the ideal behaviour of various components present 
in the converter. The parameters of the DIDC converter taken into account for the 
simulation/experimental purpose are given in Table 1. Two different input voltage ranges such 
as source 1 voltage of 90 V and source 2 voltage of 70 V are considered to check the performance 
of the DIDC converter.  The output voltage is considered as 110 V for the boost operation and 
48 V for the buck operation of the converter. The switching frequency of the converter is 
considered as 20 kHz. Based on these values, the value of inductor and capacitor of the DIDC 
converter is computed and given in Table 1.  

Table1.Simulation/experimental parameters of the converter 

Source 1 

(V) 

Source 2 

(V) 

Inductor 
(mH) 

Capacitor 
(µF) 

Switching 
frequency 

(kHz) 

Output voltage 
(V) 

Boost Buck 
90 70 5 100 20 110 48 

 The current stress values of the DIDC converter for the buck operation i.e., duty ratio (𝑑𝑑1 +
𝑑𝑑2) < 0.5 and boost operation i.e., (𝑑𝑑1 + 𝑑𝑑2) > 0.5 are calculated based on the analysis reported 
in the previous section. The current stress values are given in Table 2. Similarly the voltage stress 
values of the power switches S1 and S2 based on (16) – (19) are given in Table 3. From these 
analyses it is possible to choose proper power switches and diode which can tolerate the 
calculated current and voltage stress values given in Table 2 and Table 3 respectively. The 
performance study of the DIDC converter is carried out in simulation environment. The 
computer simulation of the DIDC converter is developed in MATLAB/Simulink platform using 
the power system block sets. The steady state waveforms such as inductor voltage, inductor 
current, output voltage and output current of the DIDC converter are shown in Figure 6(a) for 
the buck operation of the converter and in Figure 6(b) for the boost operation. 

Table 2. Current stress of the switching devices in DIDC converter 

Power switches/Diodes Current stress (A) 
For (𝑑𝑑1 + 𝑑𝑑2) < 0.5 For (𝑑𝑑1 + 𝑑𝑑2) > 0.5 

S1 1.15 3.43 
S2 1.31 3.18 
D 1.61 3.97 

Table 3. Voltage stress of the switching devices in DIDC converter 
Power switches Voltage stress (V)  Condition 

S1 
0  S1 ON 

20 V  S2 ON 
90 V  S1,S2 OFF 

S2 
0  S2 ON 

-20 V  S1 ON 
70 V  S1,S2 OFF 

 From Figure 6(a), it is observed that the inductor charges by a voltage of 90 V (i.e.,𝑉𝑉1) for duty 
ratio 𝑑𝑑1 and then charges by a voltage of 70 V (i.e.,𝑉𝑉2) for duty ratio𝑑𝑑2. Then the inductor 
discharges with a voltage of - 48 V (i.e.,−𝑉𝑉0) for rest of the period. Similarly for the duty ratio 
(𝑑𝑑1 + 𝑑𝑑2) > 0.5, the inductor is charged by 90 V and 70 V respectively for the duty ratios 𝑑𝑑1 
and 𝑑𝑑2. But in the boost operation, the inductor discharges with a voltage of -110 V (i.e., −𝑉𝑉0) 
as shown in Figure 6(b). Deviation in the slope of the inductor current for the variation of the 
source voltages can be easily observed from the simulation results. From Figure 6(a) and Figure 
6(b), it can also be observed that the source currents of the DIDC converter are discontinuous or 
pulsating in nature. 

4. Experimental Analysis 
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 For verifying the feasibility and performance of the DIDC converter, an experimental 
prototype is developed in the laboratory environment. The testing of the experimental prototype 
is conducted by taking two input sources of different voltage levels. LabVIEW 2013 software has 
been adopted for developing the required switching pulses, where real-time interfacing with the 
hardware is realized with NI cRIO-9081 controller using NI 9401 digital input and output module. 
NI 9225 and NI 9227 modules are used for the voltage and current sensing purpose. The gate pulses 
developed for all the switches have the same switching frequency of 20 kHz. In this work, IRFP 
460 MOSFET is opted as the power switches and the diodes are realized by MUR 860 ultra-fast 
recovery diodes. The hardware waveforms of the voltage across the inductor, current through the 
inductor, output voltage and output current for the DIDC converter are observed using the Digital 
Storage Oscilloscope (DSO) and the observed waveforms are shown in Figure 7. From the figure, 
it is observed that the inductor charges by a voltage of 90 V and 70 V for the ON period of the 
switches S1 and S2 respectively which is same as the simulation results. Finally, it is discharged 
by a voltage of -110 V in the freewheeling period. 
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(a). 

 

 

 

 
(b). 

Figure 6. Simulation waveforms of DIDC converter (a) for 𝑑𝑑1 + 𝑑𝑑2< 0.5 (b) for 𝑑𝑑1 + 𝑑𝑑2> 0.5. 
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Figure 7. Experimental waveforms of voltage across the inductor, current through the inductor, 

output voltage and output current of the DIDC converter (CH1=50 V/div, CH2= 50 V/div, 
CH3= 5 A/div,CH4=1 A/div). 

The output waveforms clearly show that the output voltage of the DIDC converter is 110 V. 
From Figure 7, it can be noticed that the wave shape and the calculated values of the voltage 
across the inductor, current through the inductor, output voltage and output current in the 
experimental platform are exactly matching with the simulation waveforms shown in Figure 6. 
This validates the results of the DIDC converter obtained from the simulation with the results of 
the experiment. 

A. Closed loop operation of the DIDC Converter 
 Investigation on the dynamic response of the DIDC converter is very much required to 
validate the converter performance under sudden disturbances. The dynamic behavior of the 
DIDC converter is tested under the load side variations. To verify the dynamic performance of 
the DIDC converter, a simple PI controller is designed and implemented in the LabVIEW 
platform. Ease of hardware interfacing, high processing speed and high flexibility are some of 
the potential merits of the LabVIEW controller. The PI controller is designed to control the 
output voltage of the DIDC converter at 110 V. The output voltage and current response due to 
the variations in the load value are observed and the output waveforms are given in Figure 8. 
From Figure 8, it is observed that the output voltage is regulated at the preferred value of 110 V 
very quickly after a tiny dip under rapid deviation of load current from 0.9A to 1.7A. Similarly, 
when the load current decreased from 1.7A to 0.9 A, the output voltage is regulated at 110 V 
quickly with a tiny spike as given in Figure 8. 

Output voltage response due to 
step rise in load current

Output voltage response due to 
step fall in load current

Step rise in load current Step fall in load current

Vo = 110 V

Io = 0.9 A

Io =1.7 A

Io =0.9 A

 
Figure 8. Experimental waveforms of the output voltage and load current of the converter 

under load variation. 
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The efficiency values are plotted with respect to the power variation as given in Figure 9. From 
the figure, it can be summarized that the efficiency profile of the proposed converter is far better 
compared to other topologies implemented in the literature. The efficiency of DIDC converter 
can be improved further by adopting the optimum design of the components present in the 
converter. However, the DIDC converter produces a negative output voltage across the load and 
to make the polarity of the output voltage positive using the DIDC converter, additional 
arrangements are needed. This adds more complexity to the system. This is one drawback of the 
DIDC converter. 

 
Figure 9. Efficiency versus output power of DIDC converter. 

 
5. Conclusion 
 A dual input buck-boost type DC-DC (DIDC) converter for the integration of hybrid energy 
sources has been presented in this chapter. Different working modes of the converter are 
explained in detail. The relation between output voltage and the input voltages is derived. The 
detailed investigation of the voltage and current stresses values of the power switches and diodes 
are conducted to make sure the proper selection of the switching components in the converters. 
The performance of the converter is verified with the help of simulation and experimental results. 
The simulation and experimental results of the DIDC converter are closely matching. A PI 
controller is designed to get the satisfactory response of the DIDC converter under steady state 
and dynamic conditions. Transient analysis of the DIDC converter has been conducted in the 
experimental platform to verify the feasibility of the PI controller. The efficiency analysis of the 
DIDC converter is conducted through both experimental and simulation analysis to confirm the 
superior performance of the converter. From the analysis, it is noticed that the DIDC converter 
has certain merits such as optimised structure, lower component count due to which the 
coneverter efficiency is good. These merits definitely boost up the significance of the converter 
in the specific applications like marine renewable energy integration, microgrid, and hybrid 
electric vehicle. 
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