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Abstract: A novel Bidirectional DC-DC Converters 

(BDC) allows the need of stepping up and stepping 

down the voltage levels between two DC sources along 

with the bidirectional power flow capability. These 

features of BDC have recently gained increasing focus 

in the area of energy storage systems for Hybrid 

Electric Vehicles (HEV), Renewable Energy Systems 

(RES), Fuel cell energy systems and Uninterruptible 

Power Supplies (UPS. This type of energy storage will 

cause a smooth and continuous power flow to the load. 

However, to perform energy exchange between 

auxiliary storage device and the rest of system, a DC-

DC converter is required as a mediator. Therefore, a 

BDC should possess flexible control of bidirectional 

power flow in all modes of operation. Thus, the 

modeling and the control of bidirectional DC-DC 

converters becomes an important issue. The basic 

demands of BDC in such an application require low 

switching losses, compact design of size and weight 

which in turn enhances the system efficiency. The main 

objective of this research work is to exploit a novel 

bidirectional DC-DC converter topology with low 

switching loss using suitable control techniques.  

 

Index Terms –: Bidirectional converter, 

Proportional Integral Controller, coupled 

inductor.  

 

1. INTRODUCTION 

 

Bidirectional DC-DC Converters (BDCs) allows the 

benefits in either increasing or decreasing the level of 

voltage between two DC sources along with the 

bidirectional power flow capability. These features of 

BDC have recently gained increasing focus in the field 

where an energy storage system is required for future 

utilization. This type of energy storage will supply an 

uninterrupted power to the load connected to it. 

However, to perform transformation of energy between 

the system and the auxiliary storage device, a DC-DC 

converter is required. Therefore, a BDC should possess 

flexible control of bidirectional power flow in all 

modes of operation.  

 

 

 

Thus, the modeling and the control of BDC becomes 

an important issue. In order to overcome these 

problems, solutions are proposed in this research work.  

 

1.1 BIDIRECTIONAL DC-DC CONVERTER 

 

The basic configuration of bidirectional DC-DC 

converters is shown in Figure 1.1. The BDC can be 

classified into two types namely boost type and buck 

type which is based on the auxiliary storage device 

position. The energy storage device is positioned on the 

high voltage side in a buck type whereas in boost mode, 

it is retained on the low voltage side.  

 

 
           Fig. 1.1 Basic configuration of BDC 

 

Basically BDCs are divided into two types, Non-

isolated Bidirectional DC-DC Converters (NBDCs) 

and Isolated Bidirectional DC-DC Converters (IBDCs) 

meeting the requirements of different applications. 

  

1.2 NON-ISOLATED BIDIRECTIONAL DC-DC 

CONVERTERS 

 

A non-isolated bidirectional DC-DC converter shown 

in Figure 1.2 is obtained from the unidirectional DC-

DC converters. Here, the bidirectional switches are 

implemented instead of a unidirectional switch. 

Generally, the diodes present in the conventional 

converters, do not have the capability of controlling 

power flow in either direction.  

 

 

 

 

------------------------------------------------------------------***-------------------------------------------------------------------
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In order to overcome this constraint in the conventional 

converter, Power MOSFET or an IGBT with anti-

parallel diode across them is introduced. These 

semiconductor devices allow the conduction of current 

in both forward and reverse direction and thereby act 

as a bidirectional switch with the controlled switching 

operation. 

 

 
Fig 1.2 Basic structure of NBDC 

 

The operation of the NBDC is as follows. In the above 

figure, the inductor functions as energy transfer 

component.  

 

For every switching cycle, the component is charged 

via the source side active switch. The inductor is 

charged for the duration of Ton = δT, where T is the 

switching period and δ is duty cycle. Then the inductor 

releases the energy stored in it to the load during the 

period, Toff = (1- δ) T. 

 

The advantages of NBDC converter are as follows, 

 Higher efficiency. 

 Reduction in weight and cost. Hence, 

implemented in the areas where weight and 

size is the primary consideration in designing 

the system. 

 When compared with isolated BDCs, it is very 

simple.  

Some of its limitations are given as follows, 

 Structure becomes impractical, when the 

voltage ratio is more. 

 Galvanic isolation is less between two sides. 

 

1.3 SOLATED BIDIRECTIONAL DC-DC 

CONVERTERS 

 

The structure of an IBDC is shown in Figure 1.3. It 

consists of two DC-AC converters namely, Converter 

A and Converter B with high-frequency switching and 

a high-frequency transformer of ratio 1: n. This 

transformer provides a galvanic isolation between the 

two converters and also helps in voltage matching 

between them. Thus both DC-AC converters should 

possess bidirectional energy transfer capability 

because power flow transfer is required in either 

direction from Mode A-B or Mode B-A.  

 

 
Fig 1.3 Basic structure of an IBDC 

 

Some of the merits of IBDC can be listed as follows, 

 Since the structure of the transformer is 

very simple, it is easy to design and requires 

less maintenance. 

 The switch stress on both the primary and 

secondary sides is equal.  

 Soft switching can be accomplished 

without any use of active or passive 

components. 

 There will be fast dynamic behavior due to 

absence of extra added passive elements.  

 Some of its demerits are as follows, 

 During light load condition, soft switching 

nature of the converter              may fail.  

 The output current passing through DC 

buses contains high ripple content. In order 

to overcome this problem, a suitable 

filtering deign is required. This makes the 

circuit complicated.  

 This type of converters is very sensitive to 

small variation in the flux value, when it is 

operated under high voltage. 

 

1.4 CONVENTIONAL DC-DC BOOST/BUCK 

CONVERTER 

 

The bidirectional DC-DC converter transfer power 

between the two sources by increasing or decreasing 

the voltage levels depending upon the requirements. In 

IBDC, isolation is required between the two circuits. 

For this purpose, transformers are utilized. This IBDC 

comprises of half bridge and full bridge type 

converters. By adjusting the transformer ratio, high 

voltage gain can be achieved. Fundamentally, the 

NBDC comprises of conventional boost/buck and 

coupled inductor types. The coupled inductor converter 

can achieve high voltage gain without control 

complexity. 

Generally for the requirement of high voltage gain in 

boost/buck converters, more switches are 

implemented. When number of switches gets 

increased, the design of converter becomes 

complicated. A conventional bidirectional DC-DC 

boost/buck converter shown in Figure 1.4 proposed by 

Camara et al. (2010) which is simple in structure and 

easy to control. During buck and boost mode of 

converter operation, the switches operate under hard 

switching which gives rise to high switching losses.  
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This in turn reduces the efficiency of the system. 

Hence, to minimize these switching losses, many soft 

switching approaches such as ZVS (Zero Voltage 

Switching) and ZCS (Zero Current Switching) have 

been presented. 

 
 

Fig 1.4 conventional DC-DC boost/buck converter 

 

 

2. OPERATION 

 2.1. WORKING PRINCIPLE 

 

 2.1.1 Description of the proposed converter 

 

The configuration of proposed 

CONTROLLER is shown in Fig.2.1. It comprises of 

two switches namely S1 and S2 and has a coupled 

inductor which has same number of winding in both 

primary and secondary side. The switch S3 is the 

synchronous rectifier. As the primary and secondary 

winding turns  are same in coupled inductor is same, 

then the  inductance of the coupled inductor in both the 

primary and secondary side can be given as follows, 

 

L1 = L2 = L                                        (1) 

Thus, the mutual inductance M of the coupled inductor 

is given by 

M= k √ L1L2 = kL        (2) 

Where k - coupling coefficient of the coupled inductor. 

 

 

 

Thus PWM technique is used to control the switches 

S1 and S2 simultaneously and the switch S3 is the 

synchronous rectifier in the boost mode. Similarly, 

during buck mode operation, the PWM technique 

is used to control the switch S3 and the switches 

S1 and S2 acts as a synchronous rectifiers. When 

compared with conventional bidirectional DC-DC 

converter, the proposed CONTROLLER 

converter has improved voltage gains in both 

boost and buck mode.  

2.1.2 CCM Operation 
 

Mode 1: During this time interval [t0, t1], S1 and S2 are 

turned on and S3 is turned off. The energy of the low-

voltage side VL is transferred to the coupled inductor. 

Meanwhile, the primary and secondary windings of the 

coupled inductor are in parallel. The energy stored in 

the capacitor CH is discharged to the load.  

 

Mode 2: During this time interval [t1, t2], S1 and S2 

are turned off and S3 is turned on. The low-voltage side 

VL and the coupled inductor are in series to transfer 

their energies to the capacitor CH and the load. 

Meanwhile, the primary and secondary windings of the 

coupled inductor are in series. Current flow path of the 

proposed converter in step-up mode 

 

2.1.3 DCM Operation 
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Fig 2.1 circuit configuration of the proposed 

controller 

 

Fig 2.2 Current flow path of proposed converter in 

step-up mode. (a) Mode 1, (b) Mode 2, (c) Mode 3 

for DCM operations 
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Fig 2.3 Wave forms of the proposed converter in 

step-up mode. (a) CCM operation. (b) DCM 

operation 

 

3. STUDY OF PROPOSED CONTROLLER IN 

BOOST MODE UNDER OPEN LOOP 

CONTROL 

 

The proposed controller operating in open loop system 

for a boost mode is performed successfully with quad-

filter which is shown in Figure 3.1. The simualted 

waveform of input voltage, output voltage and output 

power in the forward power flow direction is shown in 

Figure 3.2. The input voltage is kept at 15V for RLE 

load. The output is observed as 30V with voltage ripple 

less than 1%. It also demonstrates the controlled 

response of the proposed converter, where the input 

voltage is suddenly incremented to 20V at time 

t=0.5secs and the corresponding results are presented. 

 

Fig 3.1 Simulink model of the proposed controller 

in open loop control   for boost mode 

 

(a)

(b) 

(c) 

Fig 3.2 a) b) c) Analysis of proposed 

CONTROLLER in open loop control  for boost 

mode 

 

For the step input change of 5V, the corresponding  

output voltage changes by 10V and the load current 

increases by 1A. The power increases from 90Watts to 

170Watts.The increase in power is due to the increase 

in the input voltage.  

4. STUDY OF PROPOSED CONTROLLER IN 

BOOST MODE UNDER CLOSED LOOP 

CONTROL 

In order to improve the performance of the proposed 

converter, controllers are implemented. Simulation 

results under closed loop control in boost mode are 

discussed with an input voltage of 15V. The parameter 

settings for controllers are obtained using Zigler and 

Nicols method and are used for the simulation study. 

The simulink diagram of closed loop system with PI 

controller is shown in Figure 4.2. The parameter 

settings used for the simulation study are Kp=0.5010 

and Ki=4.8940 . Input voltage of the converter is 15V 

DC. Figure 4.2 demonstrates the converter output 

voltage for the nominal case of set value 30V; the 

controller response has reached its set value at 

t=0.81secs. The input voltage is suddenly incremented 

to 20V at time t=0.5secs. The output voltage increases 

and then reduces to the required value. The steady state 

error in output voltage is 1V.This is much less than that 

of the open loop system. This can be further reduced 

by changing the amplitude and frequency of the saw 

tooth voltage. The peak overshoot in the output is 7V. 
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Fig 4.1 Simulink model of the proposed 

CONTROLLER with PI controller in boost mode 

(a) 

(b) 

Fig 4.2 a) b) Analysis of proposed CONTROLLER 

with PI controller 

During this period, the output power also gets varied. 

From the waveforms, it is seen that the output voltage 

regulated by PI controller during servo response 

reaches its steady state condition.  

5. FUZZY CONTROLLER 

The Simulink model of the controller with Fuzzy 

controller has been illustrated in Figure 5.1. The 

triangular membership functions (MFs) are chosen to 

evaluate the degree of membership of the input crisp 

values. The output of the fuzzy controller is the control 

signal  which is used to produce modulating pulses to 

the switches of the converter.  

 

Fig 5.1 Simulink model of the proposed controller 

with Fuzzy controller in boost mode 

The proposed fuzzy system consists of five MFs for 

error (E), change in error (CE), and output control 

signal (u). In this work, mamdani fuzzy reasoning 

method is used to obtain the inference result from a 

system. The fuzzy reasoning strategy of this method is 

based on the MAX-MIN composition. 

Table .1 Rule base 

e(n)/ce(n) NB NS ZE PS PB 

NB NB NB NB NS ZE 

NS NB NB NS ZE PS 

ZE NB NS ZE PS PB 

PS NS ZE PS PB PB 

PB ZE PS PB PB PB 

 

(a) 
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(b) 

Fig 5.2  Analysis of proposed NBDCCI with Fuzzy 

controller in boost mode 

The result analysis clearly shows that at any instant of 

change in input voltage, output voltage get stabilizes at 

faster rate to the desired value without any overshoot. 

Thus, the waveform justifies the excellent dynamic 

performances of the controller. 

 

6. HARDWARE KIT 

 

 
 

Fig 6.1 Experimental setup of proposed system  

 

6.1 Results and discussion 

The comparison of the response of  proposed controller 

in boost mode with conventional and artificial 

intelligent controllers are summarized in Table 4.2.The 

comparison is done  in terms of rise time, settling time, 

peak time and steady state error. 

 

The comparison indicates that the response with fuzzy 

controller is superior to that of conventional controller 

because the output power and voltage reaches steady 

state condition without any fluctuation.  

 

 

 

 

 

 

 

 

 

Controllers 

for 

NBDCCI 

in Boost 

mode 

Rise 

time 

Tr 

secs 

Settling 

time 

Ts 

secs 

Peak 

time 

Tp 

secs 

Steady 

state 

error 

Ess 

Secs 

PI 0.050 0.81 0.53 0.8 

FUZZY 0.01 - - 0.05 

 

Thus, the choice of optimal control for the proposed 

converter operating in boost mode is chosen with fuzzy 

controller which provides faster response with virtually 

no overshoots when compared to other controller. 

7. CONCLUSION 

7.1 CONCLUSION 

 

In this work, the performance of proposed non isolated 

coupled inductor was presented. Simulation was done 

for with various controllers and Comparative analysis 

were presented. The proposed converter has higher 

step-up and step-down voltage gains and lower average 

value of the switch current than the conventional 

bidirectional boost/buck converter. 

 

7.2 SCOPE OF FUTURE RESEARCH 

 

1. The converter may be analyzed by enhancing 

other artificial controllers like neural 

controllers, hybrid genetic algorithms and so 

forth for optimizing the power flows, and loss 

occurred in the systems.  

2. To implement and evaluate these proposed 

systems in different scenarios with several 

load conditions.  

3. It can be implemented in microgrid and 

investigate with this proposed system as in 

real time. 
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controllers in boost mode 
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