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ABSTRACT:  A new multi-input multi-output dc–dc boost converter with unified structure for hybridizing of input  
sources in electric vehicles is proposed in this paper. In fact, by hybridization of energy sources, advantages of different 
sources are achievable. The proposed converter has several outputs with different voltage levels which makes it 
suitable for interfacing to multilevel inverters. Using of a multilevel inverter leads to reduction of voltage harmonics 
which, consequently, reduces torque ripple of electric motor in electric vehicles. Also, electric vehicles which using dc 
motor have at least two different dc voltage levels, one for ventilation system and cabin lightening and other for 
supplying electric motor. The proposed converter has just one inductor. Introduction of current control mode results in  
better response as compared with usage of voltage mode control alone. 
 
KEYWORDS: DC–DC converters, Electric vehicle, Battery, Fuel cell, multiple-input–multiple-output (MIMO), 
current mode control. 

I. INTRODUCTION 

 Electric vehicles are set to play a prominent role in addressing the energy and environmental impact of an 
increasing road transport population by offering a more energy efficient and less polluting drive-train alternative to 
conventional internal combustion engine (ICE) vehicles [1], [2]. Most electric and hybrid electric configurations use 
two energy storage devices, one with high energy storage capability and the other with high power capability. This 
input source may have different voltage levels. So to provide a specific voltage level for the load and to control power 
flow, usage of a dc-dc converter for each of the input source is essential, which results in higher cost, bulky system and 
increased energy losses. Consequently, multi-input dc-dc converters have been used. Multi-input converters are of two 
main types, isolated multi-input dc-dc converters and non isolated multi-input dc-dc converters. In isolated multi-input 
dc-dc converters, high-frequency transformer is used in order to attain electric isolation and impedance matching 
between two sides of converter [3]. Due to the usage of transformer, isolated dc-dc converters are heavy and massive. 
Furthermore, transformer has losses in its core and windings. Because of the above drawbacks, usage of non isolated 
multi-input dc-dc converters in electric vehicle applications seems to be more preferable. The non-isolated converters 
type is generally used where the voltage needs to be stepped up or down by a relatively small ratio. There are four main 
types of converter in this non-isolated group, usually called the buck, boost, buck-boost and Cuk. The buck converter is 
used for voltage step-down, while the boost converter is used for voltage step-up. The buck-boost and Cuk converters 
can be used for either step-down or step-up. Therefore, hybridization of different sources is essential. A new multi-
input multi-output non isolated converter based on combination of a multi-input and a multi-output converter is 
proposed. 
 In [4], multiphase converter is introduced. The proposed converter has four input by different voltages. In this 
converter, each of the energy sources can deliver or absorb energy from load and other sources. Employment of a 
separate inductor for each input source is the drawback of this converter. In [5], a triple input converter for 
hybridization of battery, photovoltaic cells, and fuel cell is introduced by the author. By proper switching of converter, 
charge and discharge of battery by means of other sources and load is possible, respectively. 

In [6] and [7], a single inductor multi-output dc-dc converter is proposed which can generate several different 
voltage levels in its outputs. The converter is controlled to regulate the output voltages at their desired values despite of 
the load power variation or input voltage variation. In [8], a new control method is proposed which provides 
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satisfactory dynamic performance for multi-output buck converter. But the shortcoming of these converters is their 
single input source. In other words, in applications such as electric vehicles that several input energy sources like fuel 
cell and battery are employed, this converter is not utilizable. One way to solve this problem is to employ a  multi-input 
multi-output converters. 
 

In [9] and [10], a non-isolated multi-input multi-output converter with single inductor is proposed. Usage of 
large number of switches is the drawback of converter which results in low efficiency. Impossibility of energy transfer 
between input sources is other disadvantage of the proposed converter. In this paper, a new multi-input multi-output 
non-isolated converter based on combination of a multi-input and a multi-output converter is proposed. The proposed 
converter as compared to similar cases has less number of elements. This converter can control power flow between 
sources and between the source and load. Also, proposed converter has several outputs different voltage level. 
 

II. THE PROPOSED CONVERTER 

In this paper a multi input multi output non-isolated dc-dc  converter is proposed. The circuit diagram of the proposed  
converter is presented in Fig.1. The converter has m input sources Vin1, Vin2, Vin3, ....Vinm. and the magnitude of the 
input voltages are like that order, Vin1<Vin< Vin3 < ....... < Vinm. The proposed converter has n number of outputs 
with n capacitors, only one inductor and m+n switches. The load resistances are R1, R2, R3, R4, R5....Rn equivalent to 
power feeding to multilevel inverter. The MIMO converter output can  be boosted up properly by controlling the 
switching pulses. 

         
                    
                         Fig.1. MIMO Converter.                                         Fig.2. Converter with two-input and two-output. 

 

In this paper MIMO converter with two-output and two-input is analysed and is shown in Fig. 2. In Fig. 2, R1 and 
R2 are the load resistances and the voltage level across this two load also differ so that multilevel inverter can be 
possible to connect with this converter. A diode placed in between Vin1 and Vin2 so Vin1 can deliver power to the Vin1 
but Vin2 cannot deliver power to Vin1. If this converter used in Electric Vehicle applications then Fuel Cell or PV 
which cannot be charged must have to place where Vin1 placed in the circuit and battery is located where Vin2 placed 
in the circuit. In this converter four power switches S1, S2, S3, S4 are controlled for power flow and output voltage 
control. 

Depending on the battery charging and discharging mode there is two power operation modes are discussed for 
proposed converter. When the load power requirement is high then two input sources together deliver power to the 
load. In each mode only three switches are active and one switch is not active. When battery operate in discharging 
mode, in such condition, S2 is not active and switches S1, S3, S4, are active and at battery charging mode, in such 
condition, S3 is not active and switches S1 ,S2 , S4, are active. 
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                              Fig.3. Steady state waveforms a) battery discharging mode b) battery charging mode 

III. MODES OF OPERATION 

 
A. FIRST OPERATION MODE( BATTERY DISCHARGING MODE)  

In this mode, Vin1  and Vin2 supply power to the loads. Switch S3 regulate the total output voltage VT =V01+V02. 
In  Fig. 3 a inductor voltage, Inductor current and gate signal of the switch waveforms are presented. In one 
switching period there are four different operation modes: 
 

1. Switching State 1 (0 < t < D3T): In this mode, Switches S1 and S3 are active and Vin1<Vin2 so diode D0 
is reverse biased. So, inductor L charges by Vin2 and inductor current increases. Because S1 is active and 
diodes D1and D2 are reverse biased Also, in this mode, capacitors C1 and C2 supplies energy to the load 
resistances R1 and R2. 

2. Switching State 2 (D3T < t < D1T):In this state only switch S1 is ON and S3 is OFF, diodes D2 and D1 is 
reverse  biased, so S4 is OFF. So, inductor L charges by Vin1 and inductor current increases. In this mode 
also, capacitors C1 and C2 supplies stored energy to the load resistances R1 and R2. 

3.  Switching State 3 (D1 T < t<D4T): In this mode, switch S1 is OFF and S3 also OFF. Diode D2 reverse 
biased. In this mode inductor L is started discharging and inductor current decreases linearly and capacitor 
C1 and resistor R1 are charged by stored energy in inductor L. Capacitor C2 discharges its stored energy 
to the load resistance R2. 

4.  Switching State 4 (D4 T < t<T): In this mode, all switches are OFF. Diode D2 is forward biased and 
inductor L is discharged through the diode D2 and delivers its stored energy to resistors R1, R2 and 
charges capacitors C1 and C2. 

B. SECOND OPERATION MODE (BATTERY CHARGING MODE)  
In this mode, Vin1 supplies load as well as supplies Vin2 battery also. This condition occurs when load 

requirement is low and battery has to be charge. Switch S1 regulate the total output voltage VT=V01+V02 . In Fig.5 
inductor voltage, Inductor current and gate signal of the switch waveforms are presented. In one switching period there 
are four different operation modes: 

1. Switching State 1 (0 < t < D1 T): In this mode S1 is active, so S4 and S2 reverse biased by reverse 
voltage and diode D2 also reversely biased. So, inductor L charges by Vin2 and inductor current 
increases. In this mode, capacitors C1 and C2 supplies energy to the load resistances R1 and R2.  

2.   Switching State 2 (D1 T < t<D2 T): In this mode, switch S1 is OFF and switch S2 is active. Diode 
D1 and D2   are OFF because of reversely biased.Vin1<Vin2, for this reason in this mode inductor 
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current decreases and delivered energy to the battery (Vin2). In this mode, capacitors C1 and C2 get 
discharged and supplies energy to the load resistances R1 and R2.  

3. Switching State 3 (D2 T < t<D4 T): In this mode, Switch S1 and S2 is turned OFF and S4 is turned 
ON. So, diode D2 is reversely biased. In this mode inductor L is started discharging and inductor 
current decreases linearly and capacitor C1 and resistor R1 are charged by stored energy in inductor 
L. Capacitor C2 discharges its stored energy to the load resistance R2.  

4. Switching State 3 (D4 T < t<T): In this mode, all switches are OFF. Diode D2 is forward biased and 
inductor L is discharged through the diode D2 and delivers its stored energy to resistors R1, R2 and 
charges capacitors C1 and C2.  
 

IV.DESIGN 
 
In order to verify the performance of the proposed converter, simulations have been done in battery 

discharging and charging modes by MATLAB software. Input voltage sources are considered Vin1 = 35V, Vin2 = 48V. 
The output voltages of the converter are desired to be regulated on V 01ref = 80V andV02 ref = 40V. Consequently, total 
output voltage is desired to be regulated on VT ref = 120V. 

                                                    
Adding above equations 

 
                                        

 
Assuming D3=40 %, D1=60% 
Vin1=35v, Vin2=48v 
L=2.5 mH 
dV =DI/fC 
Assuming D=30%,dv =10 mV 

C= 1000 μF. 
 
                                              V. SIMULATION & RESULTS 
 
                         The various circuit parameters are specified in the table below 
                                           TABLE 1 

SIMULATION PARAMETERS 
                                                 

          
Symbols 

 
Simulation  Parameters 

L 2.5 mH 
fs 10 kHz 
C1 1000 μF 
C2  1000 μF 

Vin1 35 Vs 
Vin2         48 V 

 
A) Simulation Model For Multiple Input Multiple Output Dc-Dc Converter In Battery Discharging 
 
The circuit was simulated in MATLAB/SIMULINK. The closed loop simulation diagram of the converter in battery 
discharging is shown in Fig.6. By controlling the duty ratio of switch s3 the output voltage is regulated to 120 V. 
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Fig.6.Simulation Block Of Closed Loop Battery Discharging Mode 
 

 
 

        
                                                  Fig .7 .Converter Output Voltage V01 , V02  and VT 

 
                Closed loop simulation helps to maintain required output voltage with load variation. 
 
B) Simulation Model For Multiple Input Multiple Output Dc-Dc Converter In Battery charging 
The closed loop simulation diagram of the converter in battery charging is shown in Fig.9. By controlling the duty ratio 
of switch s1 the output voltage is regulated to 120 V. 
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Fig.8. Simulation Block Of Closed Loop Battery Charging Mode 

 

 
 

Fig.9. Output Voltage V01V02 and  VT 
 
C) Simulation Model For MIMO Dc-Dc Converter with current mode control. 

Voltage control mode and Current control mode are two commonly used control schemes to regulate the output 
voltage of dc-dc converters. Feedback loop method automatically maintains a precise output voltage regardless of 
variation in input voltage and load conditions. VMC only contains single feedback loop from the output voltage. 
Current-mode controlled dc-dc converters usually have two feedback loops: a current feedback loop and a voltage 
feedback loop. The inductor current is used as a feedback state. Converter processes that make use of inductor current 
sensing are termed current-mode controls. This control approach brings some additional advantages to a converter: 
Since the current is being measured directly, it is a simple matter to add  overcurrent protection. The two-loop approach 
tends to have better dynamics than voltage-mode control alone. 
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Fig.10. Simulation Block Of  MIMO Dc-Dc Converter  With Introduction of Current Mode Control 
 

Simulation diagram of MIMO  converter  with current mode control is shown in Fig.12.There are  three feedback loops, 
VT   feedback is used to control the triggering of S3 switch,V01 feedback for S4 switch and IL feedback control S1 switch. 
 

                                     
Fig.11 Output Voltage V01 ,V02 and VT 

 
From the simulation results, it is clear that with the introduction of current mode control, the peak overshoot and the 
settling time has been reduced to a greater extent. 
 

VI. CONCLUSION 
 

A new multi-input multi-output dc–dc boost converter with unified structure for hybridizing of input sources in 
electric vehicles is proposed in this paper. The proposed converter has just one inductor. The proposed converter can be 
used for transferring energy between different energy resources such as FC, PV, and ESSs like battery and SC. In this 
paper, FC and battery are considered as power source and ESS, respectively. Also, the converter can be utilized as 
single input multi-output converter. It is possible to have several outputs with different voltage levels. The converter 
has two main operation modes which in battery discharging mode both of input sources deliver power to output and in 
battery charging mode one of the input sources not only supplies loads but also delivers power to the other source. 
Introduction of current mode control results in better response. 
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