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Abstract: 

The rising demand for energy requirements has created the need for searching 
renewable energy sources that are environment friendly. Their capacities are limited and exist 
close to load grids. Developing hybrid power systems is an alternative in stratifying rising 
energy demands. HMS (Hybrid Micro grid Systems) is an emerging technology for 
integrating various energy sources. These systems reduce the number of power conversion 
phases. They also create power imbalances and their fault tolerance capabilities are also low. 
A Grid based Three-phase cascaded H-bridge fifteen-level inverter utilizing ANN (Artificial Neural 
Network) is proposed. Using MATLAB/Simulink, the performance of a Three-phase cascaded H-
bridge fifteen-level inverter has analyzed in terms of harmonic content and number of switches.  
Keywords--- Hybrid Micro grid, Artificial Neural Network, Three-phase cascaded H-bridge 
fifteen-level inverter, multicarrier pulse width modulation. 
 

INTRODUCTION 

Sources of Non-renewable energy are depleting and may be exhausted very quickly 

forcing searches for RES (Renewable Energy Sources) and its production [1-2]. RESs are 

environment-friendly and an incredible energy source. Distributed generators play a leading 

role in generating RES electricity. Integrating multiple source of energy is creates a HMS 

will be an incredible option [3-5]. RES output capacities are limited and are found close to 

generation sources [6]. The development of hybrid micro grid power systems is considered a 

valuable option for meeting the required energy demands [7-9]. The smart grid is a 

comparatively new step for upcoming power systems that combine electrical energy and 

power system network communication, providing customers and operators with digital 

information on real-time network service [11]. Modern control techniques, digital sensing, 

and metering, advanced grid modules are also some of the key technologies involved in smart 

grid execution. Performance optimization, hybridization system stability, and operational 

effectiveness are some of the main features that are concerned with smart grid systems. The 
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Smart Grid technology therefore extends power expertise and also includes interdisciplinary 

fields of research such as automation, connectivity, sensing, monitoring and control.HMS 

studies differ in their appraisal of control methods, power plants and circuits used. RES 

system can be one the three namely ac-coupled or dc-coupled or hybrid-coupled [12- 14] 

where ac-coupled systems have parallel operating conditions in which device phase, 

amplitude, frequency of each device are equivalent. The controller accomplishes device 

components similarity, a complex task that increases costs. Dc-coupled systems do not 

include frequency and phase. Also equalizing amplitudes in parallel running systems is 

enough in implementations of dc-coupled systems. These systems are easy to monitor with 

reduced costs and hence are used in energy generation systems [15]. 

 
Fig 1. Hybrid Micro Grid System 

PVC panels are used as they are effective in RES conversion and a junction of heterogeneous 
cells lead to better conversions, reduced complexity and lowered costs. Hetero-junction 
Intrinsic Thin (H-I-T) cells helps reduce costs as they help crystalline Si with generate in low 
temperatures using hydrogenated amorphous silicon film deposition technology instead of 
using solar cells with high-efficiency. The use of HIT solar cells in this work helps achieve 
higher power outputs and efficiency. This work uses IC-MPPTA (Incremental Conductance 
Maximum Power Point Tracking) algorithm to generate converter switching signal for the 
connected PVC panel circuit. Irradiation between 800 W/m2 and 1000 W/m2 were used in 
the PVC plants with MOSFET as the switching element. A frequency of 50 kHz was set in 
the IBC (Interleaved Boost Converter) circuit and is explained further. The max power point 
in solar panels which vary due to temperature differences or irradiances can be tracked non-
linearly by MPPT controller which determines dc-dc converter’s switching signal. Two Fuel 
cells of 50kW in series with operating voltage of 625 V along with PEMFCs.The Fuel cells 
DC circuit output was linked to the IBC. Wind turbines modeled on 50 kW/830V PMSGs 
were analyzed for varying wind velocities. Their AC current was converted to DC current by 
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an uncontrolled rectifier for increased DC voltage and cost effectiveness. An ANN based 
control algorithm was used in IBCs (Switching frequency 30 kHz) of fuel and wind turbine 
circuits.  MOSFET was used as the switching component. The ANN based controller 
compared output voltages with reference voltages by generating suitable switching signals for 
reference voltages.  

Asymmetrical Cascaded Multilevel Inverter 

Three single phase H-bridge connections are used to create fifteen level asymmetrical 
cascaded multilevel inverter arrangement. In these construction, each cell is produced using 
independent D.C sources. This is linked to the load, which might be linear or nonlinear, 
balanced or unbalanced. In a single-phase arrangement, each cell's output is linked in series 
with the next cell. The three-phase asymmetrical fifteen level output multilevel inverter setup 
with the nonlinear or unbalanced load is shown in Figure 2. The single phase configuration 
contains three times the amount of switches, input dc sources, power diodes, and gate driver 

circuit components [18-24]. 
  Three-phase fifteen level Asymmetrical 

                                        Cascaded Multilevel Inverter 

MULTI-CARRIER PULSE WIDTH MODULATION 
 

Only by employing the correct pulse with modulation approach can the fifteen-

level output voltage be achieved [25]. The gating pulses are generated using a multicarrier 

pulse width modulation method [26-30]. Only the suggested multilayer inverter may use the 
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thirteen level output. The fifteen level output voltage waveform is created by comparing the 

sinusoidal 180 degrees displaced reference signal with carrier signals. 

The suggested multilayer inverter, which means it has multiple switching 

components. As a result, the signals carried by multilayer inverters are based on the number 

of levels. The multilayer inverter's no of carrier signals (Nc) is calculated using (n-1)/2, 

where n is the number of output levels. The number carrier signal, for example, is (15-1)/2, 

which equals seven (7). Because of this, the suggested fifteen-level inverter is seven levels 

positive (+7Vdc) and seven levels negative (+7Vdc). The phase shifted disposition method 

is used to arrange the carrier signals, compared with sinusoidal reference signal to create the 

gating signal for power switches. The multicarrier signal is compared to the reference in 

Figure 3. 

            

Figure 3. Multicarrier signal compared with reference signal 
 

The ratio of the reference signal to the carrier signal determines the Modulation 

Index (MI) for this amplitude method. Similarly, the frequency ratio is computed by 

dividing the carrier frequency by the frequency of the reference signal. 

Number of carrier signal,  (1) 
 

          =                (2) 
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                                                             =                                                            (3) 
 
Where, 

Ar-Amplitude of reference signal 
            Ac-Amplitude of Carrier signal 

N-No of Levels     
 fr- Frequency of Reference signal 

            fc- Frequency of Carrier Signal 

ANN Controller 

 The ANN controller includes four layers namely input; output and two hidden layers 
and two inputs of configuration are as follows: 1. Term-error 2. Term - integral error. 

            (4) 

 where - Reference DC PCC voltage. As indicated in (4), the input signals for 
ANN control are equal, identical to conventional PI controllers: one is error terms and the 
other is error integrals. Therefore, as a conventional PI, ANN controllers have a better 
response. The inputs are distinguished and correct gains are chosen which are processed by a 
tangent’s hyperbolic function which activates each node in the hidden layers. is the 
normalized signal and generated by the output layer which is also the controller’s output. 
Hence, PWM gain is a necessity for switch power converters. In DC to DC based converter, 
the control signals ( ) is given by: 

                           (5) 

 Where,   = ANN weight vector, and overall functional network = A. 

 

Figure 4. Process of ANN controller  

• Training ANN Controller 

 In order to have optimal efficiency, the ADP (Approximate Dynamic Programming) 
helps to train ANN [16]. The estimated cost for applications of DC Micro grid using dynamic 
programming is computed as follows: 
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                            (6) 
 To achieve optimum control using ADP, the cost feature (6) should be reduced by 
using closed-loop environment for ANN training. In ANN training, gradient is computed 
using chain rule and weight vector ∂C/∂w in (6). The results of this function are fed back to 
ANN for using the chain-rule [17] in the next step. These recursion operations enable ANN 
weights adaptation for a training epoch where the network’s weights are updated by 

                                                   (7) 

 The recursion stops on satisfying a criterion. ANN weights are repetitively 

adjusted to minimize cost-to-go ADP function  

(6). SIMULATION AND HARDWARE RESULTS WITH ANN CONTROLLER 
Figure 5 displays the Simulink diagram of the fifteen-level boost cascaded 

multilevel inverter with feedback. 

In addition, abc to dq, ANN controller input and dq to abc transition blocks are 

used in this method. As seen in Figure 6, the output voltage and current component are 

converted into dq to regulate the actual component and to remove the complex component. 

The input from the mathematical modeling of previous parts with the controller 

block was created, as seen in Figure 5. The current and voltage of the output load were 

compared with the comparison by converting the dq part.From the unbalanced load voltage, 

the neutral line voltage and current were calculated and removed from the dq portion.  

As shown in Figure 6, the tuned value of the feedback unit has been given to the 

dq input to the abc transformation block. The input was assigned the regulated output 

voltage component and this can be inserted or subtracted depending on the load output. The 

gating signal was produced by comparison with the multi-carrier signal with the changed 

relation. In Figure 7-14, the virtual output voltage and current waveforms with voltage 

harmonics continuum were displayed 
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Figure 5 Simulink framework of three phase fifteen level cascaded boost Multilevel inverter 

                  
 

Figure 6  abc to dq transition current and voltage 

The virtual feedback system, three-phase output and current, phase output 

voltage, phase output current and phase output voltage THD range of the planned fifteen-

level boost cascaded multi-level inverter with  controller are seen in Figure 15-17.  

By comparing the previous and current tuned value, the output of the closed-loop 

feedback controller system to decrease harmonics and unbalanced between phase voltages 

was obtained. A stable system and lower rise time, Maximum peak overshoot and settling 

time are needed for target of the ANN controller system. The rise time was fairly reduced 

from 0.000198 sec to 1.67e-05 sec and the settle time was also reduced from 0.000573sec to 

8.92e-05 secs. The reference tracking peak value is 3.74 percent, which is reduced by 5.38 

percent. The tuned system reference tracking peak overshoot was reduced by 3.74 percent 
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from 5.38 percent in this respect. Even though the overshoot and settling time were 

significantly reduced, the peak value is 1.04 from 1.05. 

 The reference tracking phase margin of the bode plot is 171 and the lag margin 

is 0.000101 sec at the 29700 rad/sec frequency. Figure 10 shows the reference tracking 

phase margin of the bode plot. The peak gain of the controller action is -20.3 db at a 1x sec 

frequency and the phase margin is -159 at 6730 rad/sec with a corresponding 0.000521sec 

delay margin as seen in Figure 11. For any controller loop, the rejection of the input and 

output disturbance is sufficient to minimize the gap between the output to input ratio or to 

achieve the same as the output relation. 

At 142 msec, the input interference of this peak amplitude system is 0.0751. The 

time of the production disruption raise is 117 msec and 191 msec is the settling time. The 

observation of input and output disturbance rejection from graph Figure 9-14 is 

accomplished with the shortest settling time to reduce the gap between the reference and 

output. 

 

 

Figure 7. Tracking of reference  
 

The output obtained via the inverter at ANN controller is explained in the 

following figures from Figure 16- 17 Figure 16 (a)- (b) are the three-phase output voltage 

and the waveform of  current. However the output voltage involves major distortions in the 

quantity and has not been completely minimized in the waveform. The distortion in the 
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output voltage waveform and the Maximum peak value is 163 Volts, as seen in Figure 16 

(a). 

 

 
ure 8.    Tracking response of final step            

                       

              
 

Figure 9. Response of Bode plot 
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Figure 10.  Response of bode plot for effort of controller 

 

 
 

Figure 11.  Step response for input disturbance rejection 
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Figure 12 Step response for output disturbance rejection 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Open loop response of bode plot 
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Figure 14       Step Response of plant   

Similarly, because of inductive reactance load and step 'a', 'b' and 'c' are 0.96 

Amps, 0.83 Amps and 0.61 Amps respectively, the output current harmonics were decreased 

in considerable amounts in Figure 16 (b). Because of the nonlinear unbalanced load present, 

these loads smooth the current waveform and decrease the current harmonics. 

    Phases a, b and c have a peak output voltage of 157.3 Volts, 161.5 Volts and 

150.7 Volts are 25.2 percent, 26.44 percent and 27.58 percent respectively in Figures 17 (a) 

to (c) and their equivalent output voltage proportion of gross harmonics distortion. The 

simple output voltage was increased and the harmonic portion was substantially reduced 

relative to the fifteen-level asymmetrical cascaded multilevel inverter without the controller. 

153.4 Volts, 160.1 Volts and 162.1 Volts in phase 'a', 'b' and 'c' respectively are the first 

output voltages. In the inverter output phase terminals, the harmonic portion is due to the 

presence of neutral current or unbalanced voltage and current. 
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Figure 15 Output waveform of three phase (a) Voltage (b) Current 
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(c) 
Figure 16 Phase output waveform of three phase (a) phase ‘a’ (b) phase ‘b’  

                      (c) Phase ‘c’ 
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(b) 
 

 
 

(c) 
Figure 17 Harmonic analysis of phase output voltage phase (a) phase ‘a’ (b) phase ‘b’ (c) phase ‘c’ 
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Hardware results 
The simulated effects of the fifteen-level boost cascaded multi-level inverter with 

ANN controller were conducted experimentally to validate designed DC source parameters, 

nonlinear unbalanced load, and carrier frequency and inverter configuration with the same 

value. 

(a)                                                                  (b) 

Figure 18   Output waveform for phase ‘a’ (a) Voltage, (b) Current  

  

 

(a)                                                                    (b) 

Figure 19   Output waveform for phase ‘b’ (a) Voltage  b)Current  
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n           

 

(a)                                                                    (b) 

Figure 20   Output waveform for phase ‘c’ (a) Voltage     (b) Current  

 
 

Figure 21 THD spectrum of phase output voltage  

 

In Figure 18-20, the inverter hardware phase output was given and the maximum 

output voltage of the inverter phase 'a', 'b' and 'c' are 152 V, 157V and 160 V respectively. 

Similarly, in Figure 18 (b)-20 (b), the inverter is 0.76Amps, 0.9Amps and 0.65Amps 
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respectively. The output voltages of an inverter are distortions that are smaller than those 

without the output voltage waveform controller, as seen in Figure 18 (a). As seen in Figure 

19 (a), the simple output voltage of the inverter is increased and 152.55 Volts. In Figure 21, 

the output voltage even and odd harmonic component magnitudes are shown, and in the 

same Figure 21, the estimated component range bar map up to the hundred orders is also 

presented. The effects of the simulated and hardware configuration are similar to 

significance, and this suggested scheme provided improved performance compared to the 

experimental results without the technique of the controller. In the hardware performance, 

the THD was lowered by 29.527 percent, and as seen in Figure 21, the unbalanced phase 

voltage was also increased relative to the previous device. The proposed system did not 

generate less than the normal THD value and allowed increased output in switching systems 

CONCLUSION 

 In this segment, with the lower count of power semiconductor switches and 

other supporting circuits, the three phase fifteen stage asymmetrical cascaded multilevel 

inverter with ANN controller was modeled. The output of the controller inverter due to 

unbalanced nonlinear loads has a higher percentage of harmonics. In order to restrict the 

harmonics and track the output as close as a comparison, feedback was introduced for this 

purpose. The line impedances are eliminated by cross-coupling the feed-forward loop of 

imaginary components. In simulation with nonlinear unbalanced loads, the built components 

are verified. The controller's simulated results minimized the steady-state error, Maximum 

peak overshoot and settling time. In contrast with  open loop operation of the proposed 

inverter, the nonlinear unbalanced output voltage difference and the harmonics were 

minimized. Around the same time, the proposed system did not yield lower THDs and did 

not conform to the THD limit norm. 
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