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ABSTRACT 

Bidirectional power transfer can be achieved in DC/AC 
systems by using cascaded converters. The topology of Dual 
Active Bridge Cascaded with Inverter (DABCI) is used in this 
paper. A closed-loop control scheme is implemented for the 
Six Pulse Modulation (SPM) technique for pulses to the 
inverter. This SPM technique can increase the DC bus 
utilization and also reduces the switching frequency of the 
inverter to 33% when compared to normal PWM techniques. 
The Fuzzy logic controller is used for reducing Total 
Harmonic Distortion (THD) and dc-link utilization is 
improved. Comparison between the PI controller and the 
fuzzy logic controller is analyzed.  

Key words: Dual Active Bridge cascaded with inverter 
(DABCI), Six-Pulse Modulation (SPM), Total Harmonic 
Distortion (THD), Pulse Width Modulation (PWM). 
 
1. INTRODUCTION 
 

A DC to 3-ph AC interface is commonly used for various 
applications such as UPS, EV, grid integration of renewable 
energy sources and microgrids. In all these applications 
converters must have good efficiency, reliability, high power 
and bidirectional power flow.  A DC converter cascaded with 
inverter is a perfect converter for the above-mentioned 
requirements [1], [2]. 

EV either with a fuel cell, battery or hybrid are environment 
friendly and efficient with low emission when compared to 
conventional vehicles i.e. internal combustion engines. Due to 
inadequate storage in electric vehicles, research has been done 
to advance the energy storage technology and propulsion 
architectures of EV. In spite of various converters available, 
Dual Active Bridge (DAB) converter is mostly preferred 
converter for integrating EV to the grid. DAB is mainly 
preferred because of its bidirectional power flow, with 
symmetrical structure, soft switching and high-power density 
[3], [4]. So, this converter is preferred for cascading with an 
inverter. 

PWM techniques such as Space Vector Modulation (SVM), 
Sine Pulse Modulation are commonly used in 3-ph voltage 
source Inverter (VSI). By using some latest modulation 
techniques such as discontinuous PWM and with bus 

clamping, one can realize switching frequency reduction up to 
33%. But for further reduction of switching frequency Six 
Pulse Modulation technique (SPM) has to be preferred [5], 
[6]. In this technique one leg of the inverter switches are 
switched at high frequency [7] but whereas the other legs of 
the inverter will be connected to the dc link. So, the 
combination of varying DC bus capacitor and clamping two 
legs to dc bus will reduce switching losses up to 87% at unity 
power factor. So, SPM modulated DABCI with PI controller 
as dc-link controller is presented in [8]. Since the PI controller 
is having high settling time and large steady state error, fuzzy 
logic controller is implemented in this paper. SPM technique 
with a single reference is presented in [9]. 

 Coordinated control of VSI & DAB is done in this paper 
because it is essential for controlling the grid tied DABCI 
[10].  

The main objectives of this paper are 
 Analysis of DAB converter  
 Control scheme for implementing SPM modulation for 

pulses to the inverter and DAB. 
 Comparative study of controlling dc-link using Fuzzy 

logic controller and PI controller 
This paper is planned as follows: DAB converter and SPM 
technique discussed in Section �. Section � discusses closed 
loop control of DABCI. In Section � the dc-link controller 
used in this paper is explained. In Section � simulation results 
are presented.  

2.  SPM MODULATED DABCI 

2.1 Dual Active Bridge 

The whole converter involves a Dual Active Bridge converter 
which supplies a pulsating dc bus that is cascaded to a 3-ph 
VSI as shown in Figure. 1 [8]. The DAB is a Bidirectional, 
controllable DC-DC converter having high power capabilities 
which includes a primary side and secondary side 
semiconductor bridges with 8 semiconductor devices, a high 
frequency transformer energy transfer element and couple of 
dc-link capacitors. Because of symmetry of this converter i.e. 
same primary and secondary converters, it is capable of 
achieving bidirectional power flow which is one of the main 
reasons of selecting this converter for smart green power 
mode applications. 
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Figure 1: Schematics of DABCI 

The topology is shown in Figure. 1, where ௜ܸ  and ௗܸ௖  are 
dc-link voltages, ܮ௠ is series leakage inductance for energy 
transfer, ଵܵି଼  are controllable semiconductor switches and 
 ଶ are dc-link capacitors. When these two active bridgesܥ,ଵܥ
present on primary and secondary sides are switched ON, it 
generates two square wave voltages ௔ܸ௕ and ௖ܸௗ . By 
controlling the phase shift of the two voltages, power flow 
will be controlled. If leading phase shift is maintained 
between ௔ܸ௕  and ௖ܸௗ  i.e., ௔ܸ௕   is leading with respect to 

௖ܸௗ , the power transfer will be from DC source to the load. 
Similarly, if lagging phase shift between ௔ܸ௕  & ௖ܸௗ  i.e., ௖ܸௗ  
is lagging with respect to, the power transfer will be from load 
to dc source 

2.2 SIX PULSE MODULATION TECHNIQUE  

Commonly used PWM technique for a VSI generates 
converter terminal voltage with respect to the reference 
voltage given to modulator. If PWM techniques like SVM and 
SPM are to be implemented on a converter the dc-link voltage 
should be constant. In this case the converter is used for 
maintaining dc-link voltage constant but it is not at all 
involved in implementation of PWM. But in case of SPM, the 
maximum value of AC reference voltages is tracked by the dc 
bus voltage that are connected to the modulator. The voltage 
control loop and DAB are used to realize this. The dc bus 
voltage controller varies the phase shift of DAB in such a way 
that the dc-link voltage ( ௗܸ௖ ) is the maximum value of line to 
line of the voltage reference. In such a way DAB and VSI are 
dynamically coordinated for implementing SPM. 

 
The total time period of the given reference phase voltage is 

divided into 6 sections. These 6 sections allocate with 60º 
phase difference and change gradually from section 1 to 
section 6 equivalent to the line- line voltage RMS value. The 
modulation index for each leg is selected with respect to the 

operating section. The modulation index for each section is 
tabulated in Table 1. Switching pulse for one of the inverter 
switches (G1) is shown in Figure. 2[8]. 

Table 1: Inverter switching States 
Modulation 
Index 

Section 
1 2 3 4 5 6 

݉ଵ 1 ௏ೌ ೎
௏್೎

 0 0 ௏ೌ್
௏೎್

 1 

݉ଶ ௏್೎
௏ೌ ೎

 1 1 
 

௏್ೌ
௏೎ೌ

 0 0 

݉ଷ 0 0 ௏೎ೌ
௏್ೌ

 1 1 ௏೎್
௏ೌ್

 

 
Figure 2: Switching pulse for inverter switch (G1) 

 
3. CLOSED-LOOP CONTROL SCHEME FOR        
IMPLEMENTING SPM 

 Controlling a SPM modulated inverter that is connected to 
the grid is different from conventional methods like SVM 
modulation and Sine pulse modulation. In all these 
conventional modulation techniques, phase and frequency of 
grid voltage are obtained by a synchronous frame with Phase 
Locked Loop (PLL). 
 The control block of DABCI in shown in Figure. 3[8]. A 
current loop controller is executed in synchronous frame that 
controls the power flow between the AC and DC. In the block 
diagram  ܫௗ  is the direct axis component and ௤ܫ   is the 
quadrature component of the grid current. The power transfer 
is controlled by selecting the respective references ܫௗ∗  ∗௤ܫ  &  
which are the reference components of grid current. The 
selection these reference currents for drawing or injecting 
constant active power is done as follows [11]. 
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Figure 3: Control block diagram of DABCI 
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ܦ = [൫ ௗܸ
௣൯ଶ + ൫ ௤ܸ

௣൯ଶ]- [( ௗܸ
௡)ଶ+ ൫ ௤ܸ

௡൯ଶ]   (2) 
 
 Where  ௗܸ

௣, ௤ܸ
௣, ௗܸ

௡ , ௤ܸ
௡  are components of grid voltage 

with positive and negative sequence which are stated in direct 
and quadrature components respectively, ଴ܲ

∗   is power 
reference. The references ௗܸ

∗, ௤ܸ
∗  gained from current control 

loop are transformed into 3-phase reference voltages.  From 
these reference voltages, reference voltage for the dc-link 
controller and pulses for inverter are obtained. Thus, dc-link 
voltage is coordinated with switching of the inverter which is 
essential for the implementation of SPM. The inverter 
modulation signal selector selects the modulating signals for 
the inverter from Table 1 and are compared with a carrier 
pulse which in this case is a triangular wave for generating 
pulses to the inverter. 

The grid voltage is mentioned in unbalanced conditions 
because the 3-ph grid voltages become unbalanced when there 
is grid failure or asymmetrical loading. So, the selected 
converter has to work in unbalanced conditions. The 3-ph 
active power is constant during balanced load but in case of 
unbalanced load the active power will have second order 
harmonic oscillations because of interface between the 
components of voltage and current i.e. positive and negative 
sequences. The normal dq frame will not assure the efficient 
performance under unbalanced load conditions. So, for 
achieving control over these components a current controller 
is added. 

4.  FUZZY LOGIC CONTROLLER 

 In PI controller, the settling time will be very high and will 
have large steady state error. The dc link utilization is also low 

when compared to other controllers. So, in order to overcome 
these issues Fuzzy Logic Controller (FLC) is used in this 
paper. Technically, FLC is one of the most important 
software-based techniques. 
 The selected inputs are error range of dc-link voltage and 
change in DC-link voltage error. Membership function used is 
triangular membership function and centroid method is used 
for defuzzification. The inputs such as voltage error and 
change in voltage error are expressed in fuzzy sets with 
variables denoted as Very Low (VL), Low(L), Medium(M), 
High(H), Very High (VH). Since there are 5 variables for each 
input 25 rules are formed. The rules are written with if-then 
statements. The inputs are related with logical operator AND. 
AND logic produces the output as minimum value of inputs. 
The fuzzy rule base is tabulated in Table 2, and input 
membership functions are presented in Figure. 4 

 

 
Figure. 4: Membership function for inputs 1 (DC-link voltage error) 

& 2 (change in error) 
 

 
 



V. Krishna Chaithanya et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(4), July- August 2019, 1123 -  1127 
 

1126 
 

 

Table 2 Fuzzy rule base 

INPUT 1 
INPUT 2 

Very 
Low Low Medium High Very 

High 
Very Low VL VL VL VL VH 

Low VL L L H VH 
Medium VL M M H VH 

High VL H H H VH 
Very High VL VH H H VH 

5. SIMULATION RESULTS 
 The proposed DABCI system is tested under two cases i.e. 
using PI controller and by using Fuzzy logic Controller and 
verified the test results. Fig. 5 shows simulation results of the 
proposed DABCI using PI controller. The controller tracks 
the change in the reference voltage without causing any 
change in the dc voltage. In case 1 i.e., while using PI 
controller, FFT analysis is carried out and 1.40% THD is 
obtained for the Grid Current. Fig. 7 shows the dc link 
Voltage and Current when PI controller is used. Fig. 8 shows 
simulation results of DABCI using Fuzzy logic controller. In 
case 2 i.e., while using Fuzzy controller, FFT analysis is 
carried out and 0.59% is obtained for the Grid current.   

Case 1: Proposed DABCI using PI Controller 

 
Figure 5:  Simulation results showing Grid voltage and Grid current 

 

 
Figure 6:  THD of Grid current with PI controller 

 
Figure 7: DC-Link voltage and current with PI controller 

 
Case 2: Proposed DABCC with Fuzzy Controller 

 
Figure 8: Simulation results showing Grid voltage and Grid current 

 
Figure 9:   THD analysis of Grid Current using Fuzzy logic 

controller 

 
Figure. 10:  DC-link voltage and current with Fuzzy logic controller 

6. CONCLUSION 
A fuzzy and PI based control scheme is effectively 

implemented for SPM based bidirectional converter 
connected to the grid. A closed loop control scheme to 
implement SPM through which pulses are given to both DAB 
& VSI is presented. From the simulation results it is observed 
that by using fuzzy logic controller grid current’s THD is 
reduced from 1.4% to 0.59%. 
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