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Abstract— For achieving reduced pollution condition, the 

vehicle can be powered only by batteries or other electrical 

energy sources. Batteries have widely been adopted because 

of high energy density, compact size, and reliability. This can 

be applied in Hybrid Electric Vehicle (HEVs) with a battery 

as an energy storage element to provide desired management 

of the power flows. In hybrid electric vehicles, energy 

storage devices act as catalysts to provide energy boost. 

Bidirectional dc/dc converters are the key components of the 

traction systems in Hybrid Electric Vehicles. The use of a 

Bidirectional dc/dc converter fed motor drive in electric 

vehicle application are suitable control of both motoring and 

regenerative braking operations, and it can contribute to a 

significant increase in the drive system overall efficiency. 

The bidirectional converter pulses are generated using 

system generator and executed in FPGA. 
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I. INTRODUCTION 

The electric vehicles (EV) and hybrid electric vehicles 

(HEV) have been receiving attention in the last few years 

due to energy crisis and green house effects. The main 

reason for such problems was the increase in utilization of 

internal combustion engine (ICE)[3].These vehicles causes’ 

huge investment and one –third of the oil consumption .The 

improvement in performance, size, and cost of power 

electronics circuits lead to the shift from conventional 

engines to electric vehicles. The selection of power 

semiconductor devices, converters or inverters, switching 

strategies are crucial for the development of electric 

vehicles. The power electronics system present should be 

efficient to improve the range of electric vehicles. It also 

consists of components like capacitors, inductors, busbar 

which forms the major portion of power electronics unit. 

The general block diagram for the system is shown in Fig 1. 

 
Fig. 1: Block diagram for converter motor system 

A bidirectional dc/dc converter is used for energy 

flow from battery to the dc link and from dc link to battery. 

Separately buck converter and boost converter do not have 

bidirectional power flow capability. Thus unidirectional 

dc/dc converter can be replaced by diodes with controllable 

switches i.e. either IGBT/MOSFET. By operating the 

switches both buck and boost operation is possible. The 

bidirectional switches carries current in both directions and 

power flow can occur in both directions. Generally IGBT or 

MOSFET are used in parallel with diode.  

Batteries are at low voltage levels and dc link may 

be at high voltage levels to have higher efficiency on the 

motor [4]. Therefore, a good interfacing between the 

batteries and the drives dc link is essential. This interface 

handles power flow in between battery to motor, motor to 

battery, external generator set to battery, and grid to battery. 

The designed dc/dc converter should be bi-directional so 

that the energy can flow from the battery to the dc link and 

from dc link to the battery. There is a tremendous effort in 

past decade to shift from conventional gasoline engines to 

hybrid electric vehicles[6]. Factor responsible is the 

improvement in performance, size and cost of power 

electronics circuits. Designed converters maintains a 

constant dc link voltage when it is in motoring mode of 

operation and energy flow from dc link to battery when it is 

in generating mode of operation. When the energy storage is 

placed on the high voltage side, it is of buck type. And 

similarly boost type dc/dc converter is to have energy 

storage on low voltage side. Switch cell should carry the 

current in both directions to realize the double sided power 

flow in bidirectional dc/dc converters.  

II. BIDIRECTIONAL CONVERTER 

A bidirectional dc/dc converter fed motor drive is 

considered, boost converter operation is achieved by 

modulating lower switch with the anti parallel diode D1 

serving as the boost mode diode. With the direction of 

power flow reversed, the topology functions as a buck 

converter through the modulation of upper switch, with the 

anti parallel diode D2 serving as the buck mode diode. It 

should be noted that the two modes have opposite inductor 

current directions [7]. The bidirectional dc/dc converter is 

operated in continuous conduction mode for forward 

motoring and regenerative braking of the motor. 

 
Fig. 2: Switching pulses for converter 

Fig 2 shows the gate pulses of the upper and lower 

switches of the bidirectional converter and is switched 

alternatively without any dead time in between. The control 

signals are obtained by comparing the modulating signal 

Vtriangular with the carrier signal Vcontrol. 

In this case a constant dc link voltage is obtained at 

the dc link with required voltage value. This will be given as 

the input of inverter which drives the motor. In order to 

maintain a constant dc link voltage at dc link a capacitor of 

comparatively larger value should be used 

III. SIMULATION RESULTS 

Field Programmable Gate Array (FPGA) is end user 

programmable software. It can implement multilevel logic 
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functions. They can be programmed using a logic circuit 

diagram or source code in VHDL or Verilog. The 

implementation of the system is done in FPGA. The system 

is first designed in MATLAB/Xilinx and then the VHDL 

Code is generated using Xilinx System Generator. The 

circuit is then created in ALTIUM Designer. The circuit file 

is then built and downloaded to FPGA which provides the 

pulses for the converter. 

The generation of VHDL code of the circuit is done 

using the System Generator block. The code file is created 

and the circuit sheet symbol is drawn in ALTIUM Designer. 

The input dc voltage can be varied from 100 to 200V.The dc 

link voltage is made to be a constant voltage of 300V. The 

switching frequency of converter is taken to be 10kHz. The 

modulating signal of constant magnitude and carrier signal 

is compared to obtain the switching pulses for the converter. 

The circuit diagram for converter fed dc motor drive system 

is shown in Fig 3. The Simulink diagram in system 

generator is shown in Fig 4 where the complementary pulses 

for the converter are obtained as shown in Fig 5. 

 
Fig. 3 Converter fed motor drive system 

 
Fig. 4: DC/DC converter pulse generation circuit in system 

generator 

 
Fig. 5: Complementary pulses obtained in system generator 

The sheet drawn in ALTIUM is shown in Fig.6. 

The final build stage preformed and the bit file generation 

procedure are shown in Fig.7.  The hall sensor pins of FPGA 

provide the pulses for driving the converter upper and lower 

switches of arm. Pulses for switches in the same arm are 

complementary and are shown in Fig.8. 

 
Fig. 6: Sheet in Altium Designer 

 
Fig. 7: Build stage in Altium designer 

 
Fig. 8: Complementary pulse in DC/DC converter 

IV. CONCLUSION 

The FPGA implementation of bidirectional dc/dc converter 

was done. The converter pulses are obtained in 

complementary nature without any dead time in between. 

The bidirectional converter pulses are generated using 

Xilinx system generator and executed in FPGA. The 

proposed converters are seems to be very promising in high 

power HEV application. The overall cost and volume of the 

battery operated electric vehicle is less with the least number 

of components used in the system. 

REFERENCES 

[1] Qin Lei and Fang Zheng Peng, “Space Vector 

Pulsewidth Amplitude Modulation for a Buck–Boost 

Voltage/Current Source Inverter,” IEEE Transc. vol. 29, 

no. 1, Jan 2014.  

[2] Xianhao Yu, Qin Lei, Fang Zheng Peng,, "Boost 

converter -inverter system using PWAM for HEV/EV 

motor drive," in 2012 Twenty-Seventh Annual IEEE 



FPGA Implementation of Bidirectional Converter for Hybrid Electric Vehicle 

 (IJSRD/Vol. 4/Issue 07/2016/150) 

 

 All rights reserved by www.ijsrd.com 628 

Applied Power Electronics Conference and Exposition 

(APEC), 5-9 Feb. 2012, pp.946-950 

[3] Swetha C and Surasmi N L, “Implementation of 

SVPWAM Method for A VSI Fed BLDC Motor 

Drive”, JECET, Sec. C, Vol.5. No.3, pp no.267-277, 

June 2016- August 2016.  

[4] Premananda Pany1, R.K. Singh, R.K. Tripathi, 

“Bidirectional DC-DC converter fed drive for electric 

vehicle system”, IJEST, Vol. 3, No. 3, pp. 101-110, 

2011.  

[5] Mi, C., Peng, F.Z., Kelly, K.J., O'Keefe, M. and 

Hassani, V. (2008), `Topology, design, analysis and 

thermal management of power electronics for hybrid 

electric vehicle applications', Int. J. Electric and Hybrid 

Vehicles. Vol 1, No. 3, pp.276±294 

[6] Sangtaek Han; Divan, D., "Bi-directional DC/DC 

converters for plug-in hybrid electric vehicle (PHEV) 

applications," Applied Power Electronics Conference 

and Exposition, 2008. APEC2008. Twenty-Third 

Annual IEEE, vol., no., pp.784-789, 24-28 Feb. 2008 

[7] Mohan, Undeland, Robbins; „Power Electronics 

Converters, applications and design, media enhanced 

third edition, John Wiley & sons, Inc., pp. 760-767. 

[8] Schupbach, R.M.; Balda, J.C.;,"Comparing DC-DC 

converters for power management in hybrid electric 

vehicles," Electric Machines and Drives Conference, 

2003IEMDC'03. IEEE International, vol.3, no., pp. 

1369- 1374 vol.3, 1-4 June 2003 .  

[9] Y.M. Chen, Y.C. Liu, and S.H. Lin, “Double-input 

PWM DC-DC converter for high/low voltage 

sources,”25th International Telecommunications 

Energy Conference, 19-23 Oct. 2003, pp. 27– 32. 

[10] Pepper, M.; Mansfield, K.; Elmes, J.; Rustom, K.; 

Kersten, R.; Qahwash, M.; Batarseh, I.; , "Bi-directional 

DCM DC to DC converter for hybrid electric vehicles," 

Power Electronics Specialists Conference, 2008. 

PESC2008. IEEE, vol., no., pp.3088-3092, 15-19 June 

2008. 


