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░ ABSTRACT- The total number of switching pulses permitted in one-quarter of the fundamental-cycle of an inverter is 

restricted due to the restrictions of switching losses in high-power inverter devices. The elimination of major low-order dominating 

harmonics using SHEPWM (Selective Harmonic Elimination) is suggested in this research paper. The positive or negative voltage 

transition at the instant where fundamental voltage has the greatest positive slope distinguishes the various types of waveforms. Due 

to the switching loss limitations, two forms of the pole voltage PWM waveforms i.e., type A, type B, were studied in this research 

at lower pulse number (P = 5). For a two-level three-phase inverter, an ideal Pulse Width Modulated (PWM) waveform is developed 

for whole modulation index range in terms of least total harmonic distortion (THD). MATLAB simulation and practical experiments 

are performed for a two-level inverter to support the theoretical analysis and results. 
 

Keywords: Two level Inverter, Selective Harmonic Elimination, Optimization Algorithms, PWM formulations, Iterative 

techniques. 

 

 

 

░ 1. INTRODUCTION   
Voltage Source Inverters (VSIs) are typically used to generate 

sinusoidal three phase wave form from fixed DC source for the 

use in the motor drives [1]. Voltage Source Inverters (VSIs) 

with high power PWM are extensively used in residential and 

industrial applications such as the motor drives, STATCOM, 

FACTS devices, APFs (Active power filters) [2],[3]. In low 

power applications, a greater pulse number (P=2N+1) is used to 

improve the quality of an inverter output line voltage (Here, 'N' 

specifies total count of the switching instants present in each 

quarter cycle of the fundamental waveform) [4], [5]. Because of 

lower device switching loss, low switching frequency operation 

improves inverter efficiency [6]. However, due to increased 

switching losses of power semiconductor devices, low 

frequency device switching is preferable at higher power levels 

[7]. Lower order voltage harmonics cause pulsing torque, which 

can cause severe damage to  motor drive control 

system[8],[9].At low switching frequency, Pole voltage 

waveform of a voltage source inverter (VSI) has odd harmonics 

around the fundamental waveform. Various PWM techniques, 

such as the traditional SPWM, SVPWM, and SHEPWM, have 

been proposed to improve inverter performance [10], [11]. The 

PWM modulation approach determines the inverter's 

performance. In the last three decades, several modulation 

approaches have been documented in [12-16]. The primary 

modulation strategies are STPWM (sine triangular pulse width 

modulation) [17], SVPWM (Space Vector pulse width 

modulation) [18], SHEPWM (Selective Harmonic Elimination 

Pulse Width Modulation) [19]. 
 

The primary purpose of SHEPWM approach is to solve 

nonlinear transcendental equations, that might result in no 

solution, a single solution, or several solutions for a given 

modulation index value. [20-21]. Several strategies for solving 

nonlinear equations with trigonometric components in order to 

determine the best switching angles have been developed using 

PSO (particle swarm optimization) [22] and GA (Genetic 

algorithm) [23] have been proposed for calculating the 

switching angles required to operate the multilevel inverters.  

However, there are no simple ways for determining the 

parameters needed for the aforementioned optimization 

strategies. To solve the equations, numerical iterative 

techniques for example the Newton Raphson method [24], [25], 

resultant theory [26], [27] are applied.  
 

The difficulty with resultant theory is the complexity of 

resulting polynomial solution develops as the ordering of the 

transcendental equations rises. In actuality, the resulting theory 

is limited to six switching angles for equal and unequal DC 

sources, respectively. However, in the case of the NR approach, 

the convergence of the solution to the global minimum is 

dependent on the selection of appropriate starting switching 

angle values. Other options offered include bee algorithm [28], 

Groebner bases algorithm [29], neural networks [30] and 

harmony search [31] to obtain the optimum switching angles. 

In the reference [32] offered solutions for multilevel converters 

with equal DC sources using a genetic algorithm. However, the 
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solution for switching angles for particular modulation index 

was not explored. Another method based on PSO (Particle 

Swarm Optimization) employing equal DC sources is used to 

seven and eleven level inverters to remove only non-triple 

harmonics [33]. Despite the fact that all potential sets of 

solutions are identified, the solution space cannot be enlarged 

for all modulation index ranges. To widen the modulation 

range, the same problem is overcome by incorporating 

dissimilar DC sources [34], Non symmetrical modulation [35] 

and combination of dissimilar DC voltage and non-symmetrical 

modulation concurrently [36]. The pole voltages are classified 

according to their kind (type A or type B) as well as pulse 

number (P) that is dependent on number of the switching 

intervals (N) in the quarter of a fundamental cycle. Positive and 

negative voltages transition at the position of zero crossing, as 

well as a positive slope of a fundamental voltage, distinguishes 

type A and type B pole voltage waveforms. The accuracy of the 

type A and type B PWM waveforms for minimizing line current 

total harmonic distortion at P=5 and P=7 of two level [37] and 

three level [38] inverters has been tested. However, the inquiry 

produced an ideal solution for the whole modulation index 

range when just solution set A both for type A as well as type B 

PWM waveforms were considered.  

 

The study calculates optimum switching angles of type A as 

well as type B pole voltages based on the least voltage 

waveform distortion (VWTHD) for P=5, i.e. N=2. Out of four 

solution sets only one set outperforms the others at each 

modulation index. As a result, a Combined Optimum PWM 

(CO-PWM) is presented, which takes a best of the various 

options available with reference to lowest harmonic distortion 

for line current (ITHD) and line voltage (VWTHD). The rest of this 

paper is arranged as follows. Section 2 will discuss the type A 

and type B waveform formulations, as well as the specifics of 

four solution set outcomes computed using the Genetic 

Algorithm for a two-level inverter. Section 3 will explore a 

comparative evaluation based on analytical and simulation 

findings between suggested optimum PWM (CO-PWM) and 

SHE-PWM for the identical number of the switching angles 

each quarter cycle (N=2). Section 4 analyze the results of 

experiments and compares three PWM approaches, CO-PWM, 

SHE-PWM, and ST-PWM, with considerations of (VWTHD) 

weighted overall harmonic distortion of the inverter line 

voltage. Finally, Section 5 presents a conclusion. 
 

░ 2. Type-A & Type-B Pulse Width 

Modulation Waveforms 
Figures 1(a) and (b) show R Phase voltage type-A as well as 

type-B waveforms with reference to a DC bus voltage midpoint 

for two levels of VSI at P=5. Both waveforms in figure 1 have 

two switching angles α1 and α2 each quarter wave, the values 

of which may be chosen to reduce VWTHD while maintaining the 

required peak fundamental voltage. The switching transition of 

–Vdc/2 to +Vdc/2 at positive zero crossing, i.e. θ = 0◦, identifies 

type A waveform, whereas type B waveform includes switching 

from +Vdc/2 to –Vdc/2 at θ = 0◦ [31]. Furthermore, each of the 

aforementioned waveforms preserve HWS (Half Wave 

Symmetry) as well as QWS (Quarter Wave Symmetry) for 

every fundamental cycle if the requirements indicated in eq. (1) 

and (2) are satisfied. As the result, there is no even number 

harmonics present in the line voltage output of an inverter [39]. 
 

V  
RO (θ) = VRO(θ + 180)                                    (1) 

V  
RO (θm − θ) = VRO(θm + θ)                                   (2) 

Where, ϴm is the instant, when the R-phase voltage reaches its 

maximum positive or negative value. The three phase pole 

voltages has to be symmetric in accordance with the equation 

(3) in order to achieve balanced output for tripled harmonic 

cancellation 
 

V  
RO 

(θ) = VYO(θ + 120) ) = VBO(240 + θ)       (3) 
 

The maximum amplitudes of a fundamental as well as odd 

number harmonic components (Fna and Fnb) with P=5 of type A, 

type B waveforms are provided by eq. (4) and (5), respectively, 

based on Fourier analysis 
 

𝐹𝑛𝑎 =
2𝑉𝑑𝑐

𝑛𝜋
[1 − 2 cos(𝑛𝛼1) + 2 cos(𝑛𝛼2)]                  (4) 

𝐹𝑛𝑏 =
2𝑉𝑑𝑐

𝑛𝜋
[−1 + 2 cos(𝑛𝛼1) − 2 cos(𝑛𝛼2)]               (5) 

 

 
 

Figure 1: Two-level voltage source inverter (VSI) pole voltage waveform VRO pertaining to (a) type-A PWM and (b) type-B PWM with N=2. 
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Where, Vdc denotes the DC bus voltage, α1 and α2 denotes the 

independent switching angles, and n denote the harmonic order. 
 

Off-line PWM approaches, such as the SHEPWM method with 

N switching angles each quarter cycle, may reduce (N-1) 

voltage harmonics of the inverter output, while maintaining the 

required fundamental voltage [40]. However, eliminating some 

low order harmonics does not guarantee low line voltage THD 

[41]. Furthermore, for larger modulation indices, methods for 

full removal of lower harmonics may be unavailable, resulting 

in a higher line voltage THD value. In the case of optimum 

PWM, the aim is to reduce harmonic distortion of line current 

in inverter (ITHD) at low pulse number, as shown by equation (6) 

ITHD is often accepted as the overall distortion factor of motor 

driving loads [42-45]. 
 

𝐼𝑇𝐻𝐷 = √
∑ 𝐼𝑛

2
𝑛=6𝐾±1  

𝐼1
2     𝐾 = 1,2,3 …                         (6) 

 

Fundamental RMS current is I1, while the nth order harmonic 

current is In. However, because line current distortion (ITHD) is 

affected by load characteristics, line-line voltage harmonic 

distortion (VWTHD) is taken into account for reduction as 

specified in equation (7) 
 

𝑉𝑊𝑇𝐻𝐷 = √
∑ 𝐹𝑛

2 /𝑛2
𝑛=6𝐾±1  

𝐹1
2     𝐾 = 1,2,3 …         (7) 

 

The RMS fundamental voltage is F1, while the nth order 

harmonic voltage is Fn. As seen in eq. (7), VWTHD depends on 

the harmonic and fundamental voltages of the inverter output 

line voltage. The peak values for harmonic and fundamental 

voltages can be determined using the equations (4) and (5) for 

type A and type B respectively. To demonstrate the feasibility 

of the proposed combined PWM strategy for wide operational 

modulation range, two different two level PWM waveforms 

namely type A & type B are considered in this paper. For each 

type of PWM waveform, optimal switching angles are achieved 

by solving two different sets of equations. As the equations in 

(4) and (5) are non-linear equations, intelligent optimization 

techniques [46] like genetic algorithm (GA) is used to 

determine the initial values of switching angles [39]. A user-

friendly function in MATLAB called ‘ga’ is used to compute 

initial set of values (α1andα2) to obtain multiple solutions using 

Newton-Raphson (NR) iterative method [40]. The syntax for ‘

ga’ function to find minimum for function ‘fun’, subject to 

non-linear equalities and inequalities is as follows: 
 

𝑋 = 𝑔𝑎(𝑓𝑢𝑛, 𝑛𝑣𝑎𝑟𝑠, 𝐴, 𝑏, 𝐴𝑒𝑞 , 𝐵𝑒𝑞 , 𝑙𝑏, 𝑢𝑏, 𝑛𝑜𝑛𝑙𝑐𝑜𝑛, 𝑜𝑝𝑡𝑖𝑜𝑛𝑠) 
 

A sufficient fitness function must be developed before the 

genetic algorithm may begin. A decent fitness function 

incorporates several control variables towards a single function. 

The goal is to reduce line voltage THD while still achieving the 

appropriate fundamental component at all modulation index 

values. As a result, the goal fitness function must be built with 

all these harmonics as well as fundamental Components in mind 

as demonstrated in eq. (8). 

𝑓(𝛼1, 𝛼2) = min [(100 
𝐹1

∗ − 𝐹1

𝐹1

)

4

+ ∑
1

𝑛

3𝑁−1

𝑛=5,7…

(
𝐹𝑛

𝐹1 

)]      (8) 

𝑟𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑒𝑑 𝑡𝑜 ∶ 0 ≤ 𝛼1 ≤ 𝛼2 ≤
𝜋

2
                                       (9) 

Here, F1* denotes the required fundamental component and ‘n’ 

denotes harmonic order. A power of 4 and a constraint 

component of 100 were integrated into the fitness function to 

identify the primary term, which comprises the basic 

component from other secondary terms. 

 

 

 
 

Figure 2: Optimum switching angles of type A PWM (a) solution set A and (b) solution set B 
 

Each harmonic phrase incorporates appropriate weighting 

factors supplied by reciprocal of specific harmonic orders to 

boost the chance of low-level harmonic removal compared to 

higher orders [47]. While the following conditions are met, then 

objective function must be zero for every initial modulation 

index value: 

(i) The fundamental component (F1) equals the intended value 

F1* 

(ii) The value of total harmonic distortion obtained is minimum 

(or less than a threshold value). 

(iii) Switching angles adhere to the inequality restriction as 

specified in eq. (9). 

https://www.ijeer.forexjournal.co.in/
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The optimal switching angles determined using the 

evolutionary algorithm are then utilized as beginning Values in 

the Newton-Raphson iterative approach to produce numerous 

set of solutions of type A as well as type B PWM waveforms. 

The following Optimization approach is used to determine the 

ideal switching angles with this case study: 
 

(i) With the aforementioned requirements met, obtain an initial 

prediction about switching angles using a genetic algorithm. 

(Assume variable starting values are found for modulation 

index ‘M’). 

(ii) Generate an objective function ’f’ and its Jacobean (J) with 

six switching angles of variables. 

(iii) Determine the values of ‘f new’ and ‘Jnew” for the 

original switching angle values (αold). 

(iv) Solve for the updated values of switching angles: 

(v) αnew = αold + Jnew / fnew 

(vi) Repeat the steps (iii) (iv) by increasing the modulation 

index ’M’ by 0.01 

(vii) A similar technique is used to generate a full solution set 

by lowering the value of ’M’ 

(viii) Obtain additional solution sets for varying starting 

switching angle values, resulting in numerous solution 

sets. 

 

 

 
 

Figure 3: Optimum switching angles of type B PWM (a) solution set A and (b) solution set B 

 

The aforementioned technique was developed for type A & type 

B PWM waveforms, and several solutions were discovered and 

reported, confirming the original hypothesis. The N-R 

technique is configured to run for a specific number of the 

iterations (In this example 100 times) in order to get Optimum 

solution sets. Figures 2(a) and (b) show the best switching 

angles of solution sets A and B for the type A PWM waveform. 

Figures 3(a) and (b) show two distinct solution sets for the type 

B PWM waveform to obtain minimal VWTHD. 
 

░ 3. COMBINED OPTIMUM PWM (CO-

PWM) WITH MINIMIZATION OF THD  
 

 
 

Figure 4: Four optimal switching angle set on α2 versus α1 plane 

 

 

In Figure 4, the four possible sets of solutions for type A as well 

as type B waveforms were illustrated on a α1 against α2 plane, 

with the inequality restriction upon these switching angles 

being 0 ≤ α1 ≤ α2 ≤ π/2. 

 

 
 

Figure 5: Analytical comparison of the VWTHD corresponding to 

optimal type A and type B solution sets 
 

Figure 5 depicts that simulated values for VWTHD according to 

two separate solution sets of type A as well as type B PWM. The 

VWTHD value for solution set A of the type A waveform given in 

figure 5 demonstrates increased performance for the range 0 ≤ 

M ≤ 0.79. Solution set-A with type B waveform beats other 

solution sets. Finally, for any M value more than 0.935, solution 

set-B with type A waveform has the lowest VWTHD value when 

https://www.ijeer.forexjournal.co.in/
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compared to many other solutions. As seen in figure 5, neither 

type A nor type B waveforms are better over the whole 

modulation index range. As a result, a Combined Optimum 

PWM (CO-PWM) is proposed, which adopts the best solution 

from the four separate solution sets previously evaluated at 

different modulation index values. 

 
 

Figure 6: Optimum switching angles of proposed combined optimum 

PWM 
 

Figure 6 depicts the whole set of the switching angles for the 

CO-PWM waveforms within a modulation range 0 ≤ M ≤ 1 in 

0.01 increments. Because of the extended search procedure 

throughout the whole solution space, the VWTHD values 

corresponding to the CO-PWM waveform outperform the 

PWM presented in the literature [37].  As previously explained, 

it is possible to remove non triplen 5th harmonic voltages by 

using two switching angles for a quarter cycle, while keeping 

the fundamental voltage constant. The fundamental and fifth 

harmonic voltage peak values of SHEPWM for N=2 are 

presented in eq. (10) and (11) correspondingly. To calculate the 

switching angles α1 and α2 for the SHE-PWM technique, 

both formulas (10) as well as (11) are solved concurrently. 
 

𝑉1 =
2𝑉𝑑𝑐

𝜋
[1 − 2 cos(𝛼1) + 2 cos(𝛼2)]                        (10) 

𝑉5 =
2𝑉𝑑𝑐

5𝜋
[1 − 2 cos(5𝛼1) + 2 cos(5𝛼2)] = 0           (11) 

 

 
 

Figure 7: Comparison of the proposed combined optimum (CO-

PWM) and SHEPWM in terms to theoretical values of VWTHD, P=5 
 

Figure 7 depicts a relative effectiveness between CO-PWM 

versus SHE-PWM in regards of the minimal VWTHD value. As it 

can be shown, the CO-PWM waveform outperforms the 

SHEPWM approach for the modulation index values greater 

than 0.6. Because type A, type B and SHE-PWM waveforms 

have HWS and QWS symmetry, even harmonics are missing in 

output line voltage of inverter. PWM waveforms are also free 

of triplet odd harmonics because of three-phase symmetry as 

indicated in eq. (3). 
 

░ 4. RESULTS OF EXPERIMENT 
The suggested CO-PWM, SHE-PWM, and ST-PWM 

Techniques have been implemented in a two-level inverter with 

a fixed DC bus voltage of 30Vshown in figure 8. As the 

switching power device, a 100V, 33A IRF540N n-channel 

MOSFET was used in the experimental prototype. The 

microcontroller based on the Atmega-328 is used to perform 

control algorithm for real time and create gate controlling 

signals of switching devices depending on the modulation index 

value. The gate control circuit contains an IR2104 high speed 

half wave bridge driver as well as an opto-coupler IC MCT2E 

to isolate the microcontroller from high DC voltage side. 

Prototype uses three half H-bridges for every phase of three-

phase two level inverter, with gate voltage provided by an 

isolated Single-phase rectifier. Due to space constraints, the 

current study merely summarizes the experimental results. For 

reference, simulated waveforms and spectrums for the different 

PWM-techniques under consideration may be found in [48]. 
 

 
 

Figure 8: Experimental set up 

https://www.ijeer.forexjournal.co.in/
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For ease of measurement, the switching frequency was set to 

250Hz, and the fundamental line-line voltage frequency was set 

to 50Hz. In addition, the dead-time for experimental PWM 

schemes was adjusted to 6μsec. A Tektronix TBS 1062 digital 

oscilloscope was used to capture the inverter output voltages 

and display its spectrum using the scope’s FFT (Fast Fourier 

Transform) capability. The operational point M is set to 0.6 for 

the initial experimental research. Figures 9(a), (b), (c), and (d) 

show the experimental findings for the 50Hz inverter line-line 

voltage time function waveform for STPWM, SHEPWM, type 

A solution set A, and type B solution set A, respectively. 

Figures 10 (a), (b), (c), (d) show the appropriate FFT spectrum 

charts of an inverter line-line output voltages for the 

aforementioned PWM approaches. Due to the HWS as well as 

3 phase symmetry, PWM waveforms omit even harmonics 

along with triplen odd-harmonics, as seen in Figures 10(b), (c), 

and (d) for SHE-PWM, type A solution set-A, and type B 

solution set-A, respectively. However, for the non-triplen odd 

chopping frequencies, such as P=5, phase symmetry is not 

preserved for the ST-PWM approach, limiting correct 

cancellation of triplen order amongst pole voltage harmonics 

[49]. 

 

 

 
 

Figure 9: Measured line voltage (VRY) of (a) STPWM (b) SHEPWM (c) type A solution setA (d) type A solution setA at M=0.6, P=5. 

Scale:20V/div 

 

 
 

Figure 10: Measured line voltage (VRY) harmonic order of (a) STPWM (b) SHEPWM (c) type A solution setA (d)type A solution setA at 

M=0.6, P=5.Scale:10dB/div 
 

 
 

Figure 11: Measured line voltage (VRY) of (a) STPWM (b) SHEPWM (c) type A solution setA (d)type A solution setA at M=0.85, P=5. 

Scale:20V/div 

 

https://www.ijeer.forexjournal.co.in/
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Figure 12: Measured line voltage (VRY) harmonic order of (a) STPWM (b) SHEPWM (c) type A solution set A (d)type A solution setA at 

M=0.85, P=5.Scale:10dB/div 

 

To maintain three-phase symmetry (TPS) in ST-PWM, the ratio 

between chopping frequency and the modulation signal 

frequency might be an odd-triplen multiple. Triplen-harmonic 

frequency components are clearly visible in the FFT spectrum 

shown in figure 10(a) for ST-PWM. The FFT analysis of SHE-

PWM validates the full removal of the 5th harmonic from the 

inverter line voltage, as shown in figure 10(b). The overall 

harmonic distortion for the SHE-PWM approach, on the other 

hand, is considerable because of high order non-zero and non-

triplen harmonics. 
 

The next experiment was performed with M=0.85. The findings 

for inverter line-line voltage waveforms related to the four 

distinct PWM algorithms for P=5 are shown in figure 11(a), (b), 

(c), and (d). The line-line voltage harmonic spectra for 

SHEPWM, STPWM, type A solution set-A, and type B Solution 

set-A are depicted in figures 12(a), (b), (c), and (d). The 

existence of the triplen harmonics in the ST-PWM technique is 

confirmed further by the experimental voltage harmonic 

spectrum shown in figure 12(a). The harmonic spectrum of 

figure 12(b) shows that SHE-PWM fail to provide a solution to 

Specific 5th harmonic removal above M=0.79. The suggested 

Combined CO-PWM approach, on the other hand, finds optimal 

angle solutions up to six-step operation. Instead of particular 

removal, the CO-PWM approach assures that overall low-order 

harmonics are minimized at any M value. For M=0.85, the 

angles related with type B solution set-A efficiently minimize 

VWTHD value, which is consistent with the findings given in 

figure 7.  
 

Table 1 and Table 2 show the optimal switching angles with 

line-line voltage weighted Distortion (VWTHD)values with 

M=0.6 and M=0.85 for STPWM, SHEPWM, type A solution 

set-A, and type B solution set-A.  
 

░ Table 1: Optimum switching angles, harmonic distortion 

values of M=0.6 for P=5 
 

Modulation 

Techniques 

Switching 

Angle α1 

Switching 

Angle α2 

Simulated 

VWTHD 

Value 

Measured 

VWTHD Value 

STPWM - - 0.1279 0.1386 

SHEPWM 72.27 84.00 0.0657 0.0723 

Type A 
PWM 71.05 82.83 

0.0642 0.0693 

Type B 

PWM 36.87 90 
0.1168 0.1572 

░ Table 2: Optimum switching angles, harmonic distortion 

values of M=0.85 for P=5 
 

Modulation 

Techniques 

Switching 

Angle α1 

Switching 

Angle α2 

Simulated 

VWTHD 

Value 

Measured 

VWTHD Value 

STPWM - - 0.1265 0.1288 

SHEPWM 85.70 90.00 0.0554 0.0592 

Type A 

PWM 75.31 79.71 
0.0442 0.0468 

Type B 
PWM 9.05 86.41 

0.0312 0.0385 

 

As previously stated, the suggested CO-PWM approach 

produces the lowest line-voltage distortion VWTHD at M=0.60 

and M=0.85, the performance for type A solutions set-A with 

type B solutions set-A was shown to be superior to other PWM 

approaches. 
 

4.1 SHEPWM, STPWM comparison with 

suggested CO-PWM 
Figure 13 depicts a comparison of the three PWM approaches, 

namely CO-PWM, SHE-PWM, and ST-PWM, based on 

measured VWTHD values. Tables 1 and 2, as well as figure 13, 

clearly demonstrate that proposed CO-PWM scheme 

outperforms SHEPWM and STPWM for P=5. SHE-PWM also 

fails to give optimum solutions for 5th harmonic removal for 

said modulation index range M≥0.79. As previously stated, the 

suggested CO-PWM approach utilizes the optimum solution set 

for a particular modulation index value that seeks to minimize 

total harmonic distortion rather than removing specific low 

order harmonics. CO-PWM approach provides much lower 

VWTHD values than SHE-PWM and ST-PWM Schemes for 

M≥0.6 and entire modulation index (M) ranges, respectively.  

 
Figure 13: SHEPWM, STPWM comparison with suggested CO-

PWM for simulated values of VWTHD, P=5 
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However, for lower M ranges, the VWTHD value for CO-PWM 

is somewhat lower than for SHE-PWM. As a result, as 

compared to ST-PWM & SHE-PWM, the combining of both 

type A as well as type B solution sets provides significantly 

higher harmonic performance. 

 

░ 5. CONCLUSION 
This research presents a combined optimum CO-PWM strategy 

for enhancing the overall weighted THD of an inverter’s output 

voltage. The GA algorithm and the NR iterative approach were 

used to identify four solution sets for type A and type B PWM 

waveform for two level inverters using two switching angles 

each quarter cycle. After analyzing all four alternatives, an 

optimal combination PWM (CO-PWM) is designed based on 

the preceding findings. Several simulations as well as actual 

experimental results are shown to validate the CO-PWM 

techniques improve performance when compared to the SHE-

PWM and ST-PWM methods. Furthermore, at modulation 

index values greater than 0.6, the CO-PWM outperforms the 

SHE-PWM. Additionally, the CO-PWM approach produces 

significantly lower VWTHD values than ST-PWM throughout the 

complete modulation index range. The research findings can be 

implemented in various real time applications like micro grid, 

electric vehicle, distributed generation, hybrid vehicle etc., to 

improve inverter performance. 
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