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 This paper proposes a control scheme for seven level asymmetrical cascaded 

H-bridge multi level inverter (ACHBMLI) based on fractional order calculus. 

The seven level ACHBMLI consists of two H-bridges that are connected  

in series and are excited by different dc voltage sources. A simplified model 

is developed by assuming the small signal variation component is equal in 

both the H-bridges. A fractional order PID (FO-PID) controller is designed 

for the ACHBMLI using the simplified model. Simulation study shows  

the adequacy of FO-PID controller in giving an output voltage with minimum 

distortions. A conventional PID controller is also designed for ACHBMLI 

using the same simplified model. The performance of the ACHBMLI with 

FO-PID controller is compared with the performance of ACHBMLI with 

conventional PID controller. The simulation results prove the superiority of 

FO-PID controller in maintaining the output voltage of the ACHBMLI close 

to the reference voltage and in reducing the harmonic distortion of output 

voltage of the inverter. The simulation was done using MATLAB and  

the parameters of FO-PID controller was designed using FOMCON tool box. 
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1. INTRODUCTION  

Multilevel inverter is a power electronic circuit that provides the required ac output by using an input 

of multiple low level DC voltages. The aim is to create a staircase yield voltage using isolated DC voltage 

resources as inputs. A sinusoidal waveform can be achieved using multiple output levels which can be 

obtained through multi level inverters (MLIs). Because of their features such as superior electromagnetic 

capability, low switching losses, and low harmonics, MLIs have received increasing attention recently, 

especially in high power applications. Due to their switching frequencies, decreased use of output filters, 

MLI topologies at the same power ratings, have advantages over two level inverter topologies [1-2]. 

Cascaded H-Bridge MLIs (CHBMLIs) has many advantages such as low harmonics, reduced number of 

switches, reduced circuit complexity, less size and cost, etc. Thus CHBMLIs can be used in applications 

dealing with renewable energy sources like photovoltaic cells, fuel cells. Cascaded multi level inverter can 

have symmetrical and asymmetrical structure. These two types of CHBMLIs can be used to create a required 

yield voltage from different DC voltage sources [3-4]. If the isolated voltage sources connected to each  

H-bridge are identical, the structure is symmetrical. However, if the isolated voltage sources are unequal in 

magnitude the structure is asymmetrical. 

The multi carrier PWM technique is an effective method to control an asymmetrical MLI. In this 

PWM technique a carrier wave (high-frequency) is compared with reference wave (low-frequency) [5-7].  

https://creativecommons.org/licenses/by-sa/4.0/
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In this present study, multicarrier modulation is realized through level shifted techniques known as alternate 

phase opposition disposition (APOD), phase opposition disposition (POD), phase disposition (PD) [8-9].  

Although the performance of the inverter is satisfactory in the absence of load variations, closed 

loop operation is required when the performance of the system is degraded due to sudden changes in load.  

A conventional integer order- PID controller is an ideal choice for any dynamic system to implement closed 

loop control. The drawbacks associated with conventional PID controllers are limited tuning parameters, lack  

of robustness, etc. A fractional PID controller which has additional tuning parameter provides robustness 

under closed loop operation [10-12].This study compares performance of a seven level asymmetrical 

CHBMLI under open-loop operation with conventional PID controller and closed-loop operations with  

FO-PID controller. To design a controller it is necessary to derive the mathematical model of the system. 

This paper also explains the small signal modelling of inverter to carry out the design of a controller [13].  

The fractional order controller is designed using FOMCON tool box. The subsequent sections of this paper 

describe proposed closed loop operation of ACHBMLI, detailed methodology using small signal model of 

seven level ACHBMLI, modulation strategy, design of fractional order PID controller, simulation results  

and conclusions. 

 

 

2. PROPOSED METHOD 

Figure 1 shows the block diagram of proposed control scheme for seven levels Asymmetrical 

cascaded H-Bridge multilevel inverter (ACHBMLI). Here Fractional order -PI controller is used as  

a controller to maintain the output voltage of the inverter constant and to reduce the total harmonic 

distortions. Different level shifted multi carrier PWM techniques are used to analyse the performance of the 

proposed system.  
 

 

 
 

Figure 1. Block diagram proposed system 

 

 

3. RESEARCH  METHOD 

In order to design a suitable controller it is very important to develop a small signal model  

of the inverter which is a transfer function that relates output voltage and switching function [14-15]. 

 

3.1. Small signal modelling of seven level ACHBMLI 

Figure 2 shows the seven levels ACHBMLI with an LC filter. It has two series-connected H-bridge 

converters [16]. The terminal voltage of each module is multiplication of DC-link voltage and the switching 

function u(t). By applying Kirchhoff`s laws in the circuit in Figure 2. 

 

1 1 2 2

( )
( ) ( ) ( )

di t
L v t u t Vdc u t Vdc

dt
         (1) 

 

( )
( ) ( ) ( ) ( )c Load

v t
i t i t i t i t

R
          (2) 

 

The right side of (1) can be written as (3). 

 

1 1 2 2( ) ( ) ( )dc dcu t V u t V g t         (3) 
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Figure 2. Asymmetrical CHBMLI 

 

 

 The capacitor current is written as: 

 

( )( )
( ) d c

c

dR i tdv t
i t C C

dt dt
         (4) 

 

Substitute (2) into (4), we can get (5): 

 
( ( ) ( ))( ) ( )

( ) d LoaddR i t i tv t dv t
i t C C

R dt dt


        (5) 

 

The current i(𝑡) is obtained by isolating i(𝑡) in (1), as given by (6): 

 
( ) ( )

( )
g t v t

i t dt dt
L L

  
       (6) 

 
Substitute (6) in (5) and differentiating both sides we will get (7): 

 

 
2 2

2 2
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L L dt dt R dt R dt L dt L
       (7)

 
 

Because of non linear nature of (7) due to switching function, v(t) & u(t) are changed by a fixed value added 

to a small signal component which are shown in (8)-(9): 

 

( ) ( )v t V v t           (8)

 
   

( ) ( )u t U u t           (9)

  

Substitute (8) and (9) in (7) and taking laplace transform, we can get the transfer function as shown in (10) 
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Equation (10) represents the simplified small signal model of seven level ACHBMLI. This transfer 

function model can be used for the design of controller. 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 9, No. 4, August 2020 :  1335 – 1344 

1338 

3.2. Modulation strategy 

 There exist various modulation techniques to generate pulses for the switches of an MLI [17-19].  

In this study, bipolar multicarrier level-shifted PWM techniques are considered for analysis. In these techniques, 

one reference signal and (n-1) carrier signals are used to create n levels at the yield of the inverter. Thus, one 

reference and six carriers are required to generate seven levels in the yield of the seven-level asymmetrical 

CHBMLI. All the carriers are vertically disposed and arranged to get various level shifted pulses. The carrier 

arrangement in PD-PWM is in-phase. However, in POD-PWM, the carriers are 180° out of phase above  

and below the reference axis. In APOD-PWM, the carriers are 180° out of phase alternatively [20-21].  

The frequency (fc) and amplitude (Vc) of carrier signals are same in each of the aforementioned three cases. 

The modulation index (ma) and frequency index (mf), which are used to define the modulation of output 

signals, are expressed as follows: 

 

;
)1(

2Vm

c

a
Vn

m



 m

f
f

m cf
        (11)

  

 

where Vm and Vc represent the amplitude of the modulating and carrier signals, respectively, and n gives  

the levels in the output [22-23]. 

 

3.3. Design of fractional order PID controller 

The small signal model of the inverter with control strategy is presented in Figure 3. Here the loop is 

composed of a fractional order PID, multi carrier level shifted pulse width modulator and the small-signal 

model. The controller in this methodology can be accurately designed to such an extent that the controller 

causes the yield voltage to pursue the reference without a steady-state error [24]. The parameters  

of the ACHBMLI used for the present study is given in Table 1. 
 

 

 
 

Figure 3. Voltage control scheme 
 

 

The transfer function of open loop system excluding the controller is shown by (12). 
 

A (𝑠)=H(𝑠)M(𝑠)𝐺𝑉(𝑠)         (12) 
 

The transfer function Gv(s) is given in (10). The transfer function of modulator can be considered as 

one. The open loop system transfer function including the controller is shown by (13). 
 

𝑄(𝑠)=𝐶𝑆𝐿(𝑠)𝑀(𝑠)𝐻(𝑠)𝐺𝑉(𝑠)=𝐶𝑆𝐿(𝑠)A(𝑠)                         (13) 
 

Conventional integer order PID controller (IO-PID) is an ideal choice for any dynamic system to 

implement closed loop control. However, the drawbacks associated with conventional PID controllers are 

limited tuning parameters and lack of robustness. A fractional PID controller (FO-PID), which has additional 

tuning parameters, provides robustness under closed loop operation. FOPID controller has two additional 

parameters λ and µ in addition to Kp,Ki,Kd to tune, and it is the main reason behind the prevalence of  

FO-PID’s to integer order PID’s. So PI
λ
D

μ
 controller may upgrade the system control execution [24].  

The FO-PID transfer function is given by: 
 




sK

s

K
KsC D

I

PSL )( ; Where λ and µ > 0.     (14) 

 

To design a controller of the form given in (14) the requirements considering for the dynamic 

response of the ACHBMLI is given in Table 2. 
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Table 1. Parameters of system  Table 2. Dynamic response requirements 
Parameter Value 

Voltage of module-1(Vdc1) 120V 

Voltage of module-1(Vdc2) 240V 

Load resistance(R) 50 Ohm 
LC filter L=4.25mH ,C=5µF 

Fundamental frequency 50Hz 

RMS value of voltage reference 230V 
Sensor gain 1/360 

 

 Quantity Value 

Desired cut-off frequency 2 KHz 

Desired Phase margin 600 
 

 

 

FOMCON tool box is used to calculate and optimize the parameters of FO-PID controller [25]. This 

tool provide for identifying the process by the models(FOPDT, IPDT, FOIPDT) and calculating gains  

of IO-PID controller using Ziegler-Nichols tuning strategy. The parameters of PID are initially set to 

Kp=Ki=Kd=50, λ=µ=1. Initially to design integer order PID controller the exponents are fixed. For gains  

the search limits are set to K=[−400; 400] and γ=[0.01; 1]. The refined Oustaloup filter approximation is used 

for simulation. Phase margin is set to 60 degrees (non-strict). Performance metric is integral of square  

error (ISE). The following integer order PID parameters Kp=0.2, Ki=0.5, Kd=0.03 are set by optimization 

with above mentioned settings. Obtained phase margin is ϕm=60.1
0
. Later the gains are fixed and exponents 

are set to λ=µ=0.5 and by enabling strict option the process is then continued. As a result, the exponents are 

obtained as µ=0.4 and λ=0.6. By substituting the values, the transfer function of ACHBMLI given in (10) 

becomes: 
 

8 2 5

360
( )

2*10 8*10 1
vG s

s s 


 
      (15) 

 

Transfer function of open loop system is given in (16). FO-PID Controller transfer function is given 

in (17). Overall system transfer function including controller is given in (18) 
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Figure 4 and Figure 5 presents the bode plots for the open loop and closed system with and without 

controller. From the plot it is observed that the requirements specified in Table 2 were achieved.  
 

 

 
 

Figure 4. Bode plots of open loop transfer function 

Bode diagrams of the transfer functions with and without controller
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Figure 5. Bode plots of closed loop transfer function 

 

 

4. RESULTS AND DISCUSSION 

By using various level shifted modulating techniques the Asymmetrical CHBMLI with closed loop 

fractional order PID controller can be simulated using MATLAB. The parameters used for simulation are 

given in Table 3. The output voltage of inverter reduces due to addition of 50 ohm load resistance to  

the existing load resistance of 100 ohm at 2.5 sec. Table 4 gives the variations of load voltage under open 

loop with different modulation index. The variations of load voltage with different controllers are given 

Table 5. Total harmonic distortion (THD) of yield voltage of ACHBMLI for different modulation index and 

level shifted techniques with open loop and closed loop IO-PID and FO-PID controllers are shown in Table 6  

and Table 7. 
 

 

Table 3. Parameters of seven level ACHBMLI Table 4. Output voltage (R.M.S) of ACHBMLI 

under open loop 
Quantity Value 

Frequency of  modulating  wave 50 Hz 

Carrier Wave frequency 3KHz 
Module voltages 120V&240V 

Load Resistance R=100ohm to 33.33 ohm 
 

ma TIME ACHBMLI 

PD POD APOD 

0.8 t=0-2.5s 171.2V 170.2V 170.8V 

t=2.5-5s 168.8V 168.4V 168V 
1 t=0-2.5s 212.5V 212.2V 212.2V 

t=2.5-5s 210.7V 210.5V 210V 
 

 

 

Table 5. Comparison of output voltage (R.M.S) of ACHBMLI with different controllers 
IO-PID controller FO-PID controller 

PD POD APOD PD POD APOD 

228.9 V 228.5 V 228.7 V 229.9 V 229.5 V 229.2 V 

 

 

Table 6. Voltage THD values for different ma(open loop) 
ma Asymmetrical CHBMLI 

PD POD APOD 

0.8 18.09% 18.21% 18.24% 

1 12.17% 12.17% 12.25% 

 
 

Table 7. Comparison of output voltage THD values with different controllers 
IO-PID controller FO-PID controller 

PD POD APOD PD POD APOD 

10.72% 11.38% 11.45% 6.32% 6.38% 6.45% 

 
 

From above results it can be observed that the R.M.S value yield voltage increases and THD 

decrease as the modulation index increases. From Table 7 it can be observed that THD is less by providing 

closed loop with FO-PID controller compared to IO-PID controller. The different simulation waveforms 

obtained using PD-PWM for ACHBMLI were given in Figures 6 to 10. Figure 6 represented the voltage 

waveform obtained from the seven levels Asymmetrical CHBMLI circuit. The rms voltage of the output of  
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the inverter for two different modulation index values is given in Figure 7 Here the load variation is applied 

at t=2.5 seconds. It is found that there is huge variation in the rms values of the output voltage due to  

the open loop configuration. Figure 8 shows the rms value of the ACHBMLI under closed loop configuration 

with IO-PID and FO-PID controller. Even when there is a load change at t=2.5 sec the rms value of  

the output remains constant. Figure 9 shows the THD plots for the inverter in open loop configurations with 

modulation index (ma) 0.8. Figure 10 shows the THD value plot for the inverter in closed loop configurations 

with IO-PID and FO-PID controller. 
 

 

 
 

Figure 6. Output voltage of ACHBMLI 
 

 

  
(a) (b) 

  

Figure 7. R.M.S. output voltage with, (a) ma=1, (b) ma=0.8 
 

 

   
(a) (b) 

  

Figure 8. Output voltage of inverter with, (a) IO-PID controller, (b)FO-PID controller 
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Figure 9. THD of output with ma=0.8 
 

 

 
(a) 

 
 

 
(b) 

 

Figure 10. THD with, (a) IO-PID, (b) FO-PID 

 

 

5. CONCLUSION 

This paper proposed a closed loop FO-PID controller design with the help of small signal model  

of ACHBMLI to control its output voltage.FO-PID provides better control performance for the system due  

to its more tuning parameters compared with Integer order PID controller. The simulation results indicate that 

the output voltage of the asymmetrical CHBMLI can be maintained constant and close to the reference 

voltage. The closed loop scheme also provides reduction in the harmonic distortion of output voltage of  

the inverter. This paper also compares different level shifted PWM techniques and from the results it was 

concluded that phase disposition technique yields better results compared to other level shifted techniques. 
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