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Abstract— This paper proposes PV based multiple input 

bidirectional buck-boost DC-DC power converter to interface 

more than two DC sources from diverse voltage level. This 

find application in hybrid electric vehicles. When different 

sources of DC voltage of unequal voltage level need to be 

connected with bidirectional power flow capability. The 

converter can be used to operate in both buck and boost mode 

with Bidirectional power control. It is also workable on 

control the energy flow between at whatever two sources at 

more than two source are actively transferring the energy to 

possible direction. Boost converter is used to step the PV 

voltage with low output current ripples. The proportional 

integral derivative (PID) controller it provide required gate 

pulses to transistor switches used in bidirectional DC-DC 

converter. The proposed converter used for HEV application 

for real-time hardware in the closed loop system.            
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I. INTRODUCTION 

In the PV system, a DC-DC converter at the output of the PV 

to have a DC- link voltage for providing the power to the DC 

motor. The battery unit it help to beat a slower response time 

of the PV array providing power during acceleration of the 

hybrid vehicle. When the peak power transient during both 

acceleration and regenerative braking are avoided by using a 

higher power density. A few of the components it need ultra-

capacitor. It can store a power by various mode and they are 

also used to store a regenerative energy during deceleration 

to given power during acceleration. The ultra-capacitor to 

handle force for high number of charge or discharge cycle. It 

not only increases the life span of PV cell and battery. But it 

increases the effectiveness of the system.  

Multi input bidirectional power converter it have 

been proposed as a cost efficient and flexible way to 

interfacing various sources and storage devices. Multiple 

input converter is used to interconnecting the different 

sources with separate voltage level. It will decreasing the 

system size, cost and power loss to low components used in 

system. Main reason for the converter decreasing the voltage 

level for Bidirectional power flow ability. Multi input 

converter it can exchange the power between the any two 

sources with separate voltage levels along with power flow 

capacity. Battery used as a sources it stores an energy well 

and used to start a engine and auxiliary power unit to provide 

an emergency backup power for the essential equipment. 

 
Fig. 1: Block diagram of multi input bidirectional dc-dc 

power converter 

Bidirectional Power converter it can exchange 

power in both direction i,e forward and reverse direction. In 

forward direction supply to solar power and battery to run a 

DC motor and in reverse power to load as well as input 

sources. In this converter it consist of 6 switches and each 

switch the gate pulse is given for triggering purpose. When 

the switches are MOSFET because of its low current ripples. 

Based on the development of hybrid electric vehicle [2,3]. A 

power electronic interface unit is required to match the 

voltage level of battery and ultra-capacitor unit with DC link 

voltage [12,13]. A number of topology are introduced in 

literature to exchange output power from one sources to 

another sources in (HEV) application. In [17], multi sources 

are interfacing using common high frequency transformer, 

each of them is connected to full bridge cell using 12 switches 

for three sources. In [19], to reducing the ripple current in 

battery a current for half bridge topology. In [20], multiple 

input buck-boost and forward converter with stability 

analysis. In [21] The battery and ultra-capacitor using a 

bidirectional converter which is connected load.. In [22], 

power flow between different sources and DC link. In this 

topology, it is not possible to transfer energy directly between 

DC sources, high number of switches it can be used. Multiple 

input boost converter are connected in parallel to interface 

DC sources with its output connected to DC link [23-27]. 

Additional sources are added by having an additional 

switching leg and inductor sources.  

In [29,30] flow between any two sources in Boost 

mode from the battery /ultra-capacitor to DC link and buck 

mode are in opposite direction. In [28], same function is 

achieved using a Z-source converter. This topology is 

available with optimal devices and components and the 

voltage sources is limited to two and it is not possible for the 

multiple input sources. In this paper, solar cell is used as a 

input sources and multiple input Bidirectional power 

converter with interfacing the different sources are proposed. 

This paper present detailed analysis, operation and 

experimental result for all the modes of operation. The 

proposed system is explained in the section II. The simulation 
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result is presented in the section III. The conclusion are 

explained in section IV. 

II. PROPOSED SYSTEM 

In this paper energy saving technique, the block diagram of 

multi input bidirectional power converter it has been 

discussed. Energy is stored by using the converter and it give 

a high efficiency of the motor. When the DC motor is rotated 

in high speed it will create regenerative braking and some of 

the energy losses are included. 

 
Fig. 2: Functional diagram of hybrid electrical vehicle 

system 

A. Operation of Solar Cell: 

Solar cell is used as one of the input sources of the 

bidirectional converter and it will convert light energy into 

electricity. A solar cell is a device that generate the voltage 

exposed to the light. Solar photovoltaic cell it consist of 

number of devices made up of semiconducting material that 

it produce an electric power under the light. It consist of two 

region n and p it will heavily doped with semiconducting 

material when the n region is heavily doped it can easily 

penetrate the light. The p region is lightly doped it cannot 

easily depend on wavelength but increases the absorption 

efficiently. Then the electron hole pair are formed in the 

depletion region due strength of the potential and electric 

field.               

 
Fig. 3: circuit diagram of solar cell 

When the load is applied externally then the excess 

of electron it move through the load it recoimbine with the 

holes. When the photon is absorbed it will given to the energy 

to the electron and holes and it transfer to the electrode in the 

solar cell at different level of irradiance. 

Irradiance in the solar cell it will given to the 

absorption of the light to the solar array. When the solar 

irradiance is the power per unit area received from the 

electromagnetic radiation in the wavelength range of the 

measuring instrument.   

 
Fig. 4: V-I curve at different level irradiance 

B. Operation of Ultra Capacitor 

Ultracapacitor are electrochemical capacitor it has high 

energy density when it compared to usual capacitor and 

ability of ultracapacitor it handle the high power during the 

charging purpose and discharge cycle. Battery it stores energy 

with chemical reaction and it store an energy with chemical 

reaction. Then 20 microfarad capacitor are able to handle 300 

volt then the ultra-capacitor more expensive per energy unit 

than it can store 5 percent of energy to lithium ion battery. 

Ultra-capacitor are very effective and delivering the sudden 

charge of energy it will make good for lithium ion battery. 

Then the ultra-capacitor it can provide energy to acceleration 

while the battery provide range and recharge between the 

surges .When the lithium ion battery it is one of the 

rechargeable battery then it travel through the negative 

electrode to positive electrode during the discharging mode 

and it get back through charging cycle. Specific energy are 

100-265 wh/kg[1][2]. The Energy densityare250-

265W.h/L[3][4]. Charge/discharge efficiency is 80-90%. They 

are one of the most rechargeable batteries for electronics to 

the high energy density and it around have low self-discharge. 

Main feature of the ultra-capacitor are follows. 

 High energy storage 

 Low equivalent series resistance 

 Fast charge/discharge 

 Low temperature performance 

C. Operation of Multi Input Bidirectional Converter: 

The proposed topology it consist of two high frequency two 

inductor and MOSFET switches.sources are VBt and VUc it 

represent battery and ultra-capacitor they are interfaced with 

Vdc. two leg are connected to the DC voltage sources. 

1) Power transfer between Battery and DC  

When the dc link energy stored in battery is moved to the dc 

link for the load. In the interval T1 then the switches are S2 

and S3 is ON mode condition. The battery voltage VBT cross 

inductor L1 it will increases current. During time interval T2 

then the switches S2 and S3 is operated in OFF mode .Then 

inductor current iL1 it flows through DC link capacitor 

through the diode D1 and D4  

Vdc = T1T3+T2 

VBt = D1-D.VBt 

Current it flows through diode then the voltage drop 

1-1.2 v. Battrey it storing the energy in L1 during the time 

interval T1 it will discharged. During the time interval T3, then 
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the switches S1 and S4 is ON condition when the current it 

flows T1 to the dc link for the voltage drop (0.2). 

2) Power Transfer between Ultra capacitor and Dc Link 

In the hybrid electric vehicle Vcu is selected to the lesser than 

the Vdc and ultra-capacitor to be charged from the dc link, 

similar devices are switched. Then the current it flow in the 

inductor L2 is opposite mode. Direction of power is reversed 

to the direction of motor. The voltage Vdc and Vuc it can be 

calculated 

Vdc = D/1-D.Vuc 

Vuc = D/1-D.Vdc 

3) Battery and ultra-capacitor  

In the boost mode it will be operated in ON condition then the 

ripple current is low in battery. In buck mode Vuc is leser than 

the Vbt then the voltage it will lesser than the Vbt and the mode 

S5 is ON mode. Energy is transferred from the ultra-capacitor 

to the battery. In the boost mode to improve life of battery by 

reducing charging current. Buck-Boost mode it will control 

by changing the value of duty ratio. Then the control of duty 

cycle is normally varied from the switched mode. The 

relation between the two voltages are   

Vuc = TS/T2 +T3.Vbt = 1/1-D.Vbt 

Vbt = T1/TS .Vuc = D.Vuc 

4) Battery and ultra-capacitor to DC link 

Then the switches S2,S3 and S5 is in ON condition and 

inductor L1 and L2 is in charging condition. When the 

switches S3  is in OFF condition and the freewheeling path iL1 

is through the D4. In the switch S4 is in ON condition to avoid 

the voltage drop across diode. D4 and L2 to charge from the 

ultra-capacitor then the discharge from the OFF condition. 

Then the voltage drop will decreases by switch S1 to act as a 

synchronous mode.  

III. SIMULATION RESULT 

This simulation result is verified by using the MATLAB and 

the component are desktop tools, mathematical functional 

library are included and grapics, simulink also. In the 

proposed output voltage is more efficient than the existing 

system by using the PI controller. When the dc output voltage 

and output currrent is high and the DC-DC boost converter it 

will boost up the voltage and to run the DC motor running. 

A. Simulation Circuit 

 
Fig. 5: proposed simulation circuit 

B. Simulation Output 

1) Output current         

 
Fig. 6: output current vs time waveform 

The above output current waveform it determine low ripple 

current and high switching frequency. Then the current it 

flow through the switches is in ON mode condition. 

2) Output voltage 

 
Fig. 7: output voltage vs time waveform 

In this output voltage it represent the solar power will have 

high storage energy and the low average normal voltage then 

the load it will increases the output voltage. 

C. Hardware Implementation:  

The system components include driver circuit, Fast PWM 

generator, MOSFET and load. It discusses the results 

obtained from the hardware implementationn. The gate 

circuit is an integral part of a power converter that consists of 

power semiconductor devices. The output depends upon the 

gating circuitMosfets are voltage controlled devices and have 

very high input impedance. The opto coupler it will given the 

efficient voltag. The turn on time of mosfet depends upon 

charging of the input or gate capacitance. Then the energy it 

will stored by bidirectional power flow capability. 

 
Fig. 8: photocopy of hardware implementation of multi 

input bidirectional power converter 
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IV. CONCLUSION 

In this project bidirectional power converter with the energy 

storing capacity and the power it flow between source and 

load when the source side voltage it can be determined by 

using battery it has 240v then the load side voltage it can 

boosted up the output voltage rangeare 250-280v. The 

simulation and hardware results declare the efficiency of the 

converter. In the existing system fuel cell is used as a input 

source it will not give efficient voltage and the proposed 

system by using this solar cell it is more efficient then the 

fuell cell.The system components include driver circuit, Fast 

PWM generator, MOSFET and load. It discusses the results 

obtained from the hardware implementationn. Mosfets are 

voltage controlled devices and have very high input 

impedance. The opto coupler it will give the efficient voltage 

and the different types of controllers such as PID, PI and PD 

controllers were used to give high efficiency and low ripple 

current. When the boost converter works under soft switching 

conditions in order to reduce the switching losses. PV based 

multiple input bidirectional buck-boost DC-DC power 

converter to interface more than two DC sources from diverse 

voltage level. This find application in hybrid electric vehicles. 
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