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Abstract: The speed management is solved by innovative adoptive strategy using optimization algorithm. The 

formulation of the problem to increase the output voltage is the intended goal. For this, asymmetrical type pulse 

variation is utilized. By varying the switching instants and use the pulse width modulation to increase power 

factor.  Consequently, an evaporation-based water cycle algorithm with three pulses per quarter cycle is used to 

construct the reduced cost function.  The turn on and turn off angles are simulated and validated with converter 

topology. According to the data, asymmetrical pulse width modulation performs better than sinusoidal pulse 

width modulation. 
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1 Introduction 

In the era of new technology, AC chopper used with 

high efficiency and lesser harmonic distortions for 

the capacitor-driven induction motor. Low 

frequency to chop and high frequency to chop are 

the generalized approaches for controlling AC 

choppers. The first approach is applied in the 

literature effectively envisaged for household 

appliances. The second method is used widely in 

industries and research. There are different methods 

available in the literature, sinusoidal PWM, 

trapezoidal PWM, and selective harmonic 

elimination technique. The result shows that 

harmonics eliminated for the SHE method use the 

RGA-PS algorithm [1]. Resistive and inductive 

loads are implemented using the conservative type. 

The filter's design is not provided [2]. The induction 

motor by phase control operated for different 

speeds. Due to harmonics, torque pulsation is 

observed [3-4]. The AC chopper's power factor 

boost was examined using bee colony optimization. 

Since passive filters are not utilized for the various 

switching angles, the harmonic level is higher. [5-8]. 

The induction motor is controlled by using a field-

programmable gate array. The optimal switching 

angles design by a genetic algorithm [9].  The 

symmetrical PWM method is investigated for the 

AC chopper and validated with experimental results 

[10]. Artificial neural networks and different 

mathematical formulations [11-12] describe 

harmonic reduction. The voltage harmonic 

distortion and simulation-validated result is higher 

than the standards [13-15]. This article uses an 

evaporation-based water cycle method to create the 

optimum high frequency chopping instant for the 

chopper fed capacitor operated induction motor [16-

17]. It solves faster when compared to other 

traditional optimization techniques [18]. The article 

arrangement is depicted with different sections. 

Section 2 designates to AC chopper for step-by-step 

procedure of obtaining the switching angles. Section 

3 explains the results of the proposed algorithm and 

compares it with the sinusoidal pulse width 

modulation method. The final section gives a short 

summary of the article.  

2 Problem Formulation 
 

Permanent split capacitor motor structures cage 

rotor with two windings and static capacitance. 

Hence it provides rotating magnetic field for self-
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starting and excellent enhancement of power 

quality. This article employs two control strategies: 

asymmetrical variation of switching moments and 

sinusoidal variation of switching jiffies. The carrier 

wave and the triangle wave are compared to get 

desired switching flashes [21]. Depending on the 

duty ratio, different pulses are produced. The power 

circuit consists of two devices in which the main 

switch for current flow in both directions and the 

supplementary device for passing the inductive 

energy to the load. These two switches are 

complementary and different pulses are used for the 

switches.  

 

 
Fig. 1: Induction motor powered by a PWM AC 

chopper supplied capacitor 

 

An evaporation-based water cycle algorithm is used 

to design the pulse in asymmetrical pulse width 

modulation.  Enhancement of different metrics 

mentioned by the mathematical formulations in 

compliance with the specification of fume 

extraction. For a sinusoidal waveform with 90 

degrees, there are three pulses.  N stands for the 

number of pulses.  The device's switching is 

identified by the letters U1, U2, and U3.  W1, W2, 

and W3 refer to shutting down the gadget.  The 

following is the Fourier series expression for the 

output voltage.  

𝑉𝑜 = √2𝑉𝑖[𝐷𝑜 + ∑ (𝐷𝑛
∞
𝑚=1 𝑆𝑖𝑛(𝑚𝜔𝑡) +

𝐷𝑛𝐶𝑜𝑠(𝑚𝜔𝑡)]                                                          (1)

  
The resultant voltage mentioned below after 

elimination  

𝑉𝑜 = √2𝑉𝑖 ∑ (𝐷𝑛
∞
𝑚=1 𝑆𝑖𝑛(𝑚𝜔𝑡)                     (2)

                
Fundamental magnitude D1 articulated [12] 

𝐷1 =
1

𝜋
∑ [𝑊𝑞 − 𝑈𝑞 −

𝑆𝑖𝑛2𝑊𝑟−𝐶𝑜𝑠2𝑈𝑟

2
]     (3)𝑃

𝑟=1

  

 Harmonic magnitude Dn articulated  

𝐷𝑛 =
1

𝜋
∑ [

𝑆𝑖𝑛(𝑚−1)𝑊𝑟−𝑆𝑖𝑛(𝑚−1)𝑈𝑟

𝑛−1

−
𝑆𝑖𝑛(𝑚+1)𝑊𝑟−𝑆𝑖𝑛(𝑚+1)𝑈𝑟

𝑛+1

]      (4)𝑃
𝑟=1

   

 

Overall distortion associated with harmonics 

is emulated as 

                     

𝑇𝐻𝐷 𝑉 =
√∑ 𝑉𝑚

2∞
𝑚=3

𝑉1
                 (5)

                 

                    

𝑇𝐻𝐷𝑖 =
√∑ 𝐼𝑚

2∞
𝑚=3

𝐼1
                    (6)

        

Objective function is explained it focus on 

enhancement of de-rating of the machine by 

reducing losses. 

   𝑀𝑖𝑛
𝑈,𝑊

 𝐻 =

√[(𝐷1 − 𝑉𝑠𝑒𝑡)2 + 𝐷3
2 + 𝐷5

2 +⋅⋅⋅⋅ 𝐷𝑚
2 ]            (7)     

 

The constraint on a goal function is stated as 

0 ≤ 𝑈1 ≤ 𝑊1 ≤ 𝜇. . . . . . . ≤ 𝑈𝑞 ≤ 𝑊𝑞 ≤

𝑊𝑚                                                                        (8)       

 
The on and off switching instants are U and W, 

where Vset is the reference output voltage.  The 

value of Wmax, or maximum switching angle, is 90 

degrees.  µ is the borderline established at 30 

degrees.           

 

2.1 Algorithm implementation 
The mathematical formulation is analogy to the 

nature inspired real scenario. The recurring process 

of water flow from the ponds and rivers to the sea is 

the foundation of this nature inspired algorithm.  

The starting population of design variables are 

chosen in the search space, assuming that rainfall 

occurs at a given place.  The stream with the lowest 

objective function is selected to be the sea. [19]. The 

remaining stream values flow directly into rivers or 

the ocean.  When rain precipitation start, water goes 

to the stream as it flows to the sea. Amount of water 

transferred is influenced by different streams. Rain 
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water flow to the sea is considered as least cost, 

which is exchanged on behalf of a precise outcome.  

In this way, the river and sea are likewise exchanged 

for the optimum answer. The evaporation operator is 

used to keep the objective function minimization 

from converging too quickly.  The evaporation 

process that occurs in the sea creates drizzle in 

streams and rivers.  In order to achieve the optimum 

results, new river and stream places near the sea are 

made available by the drizzle. Because of the 

drizzle, new river and stream locations are created 

close to the sea to provide the best possible 

outcome. In order to verify for the minimum 

objective function for a specific iteration, the stream 

and river locations are changed. Below is an 

overview of the algorithm steps. First, determine the 

search space's starting values [20]. The variables are 

mentioned in the mathematical formulations. Select 

random population size for rivers, seas, and streams 

in step two. Compute the objective function for 

every stream in step three. Save the random initial 

population solutions and compute the congregating 

aloofness for selecting sea besides rivers in fourth 

pace. Using the governing equations for computing 

crowding values, determine the flow concentration 

of rivers and seas in fifth step.  

𝑂𝑏𝑗𝑚 = 𝐺𝐺𝑚 − 𝐺𝐺𝑀𝑥𝑦+1  

𝑚 = 1,2,3. . . , 𝑀𝑥𝑦                                             (9)
       

 

𝑁𝑆𝑚 = 𝑟𝑜𝑢𝑛𝑑 {|
𝑂𝑏𝑗𝑚

∑ 𝑂𝑏𝑗𝑚
𝑀𝑠𝑥𝑦
𝑚=1

| 𝑋𝑁𝑆𝑡𝑟𝑒𝑎𝑚𝑠
} 

 𝑚 = 1,2,3. . . , 𝑀𝑥𝑦                                      (10)

      

 
The least cost function is determined when the rain 

water flows to the sea from the streams and 

marked as fresh site in sixth step as the relevant 

equation is 

𝑊𝑆𝑡𝑟𝑒𝑎𝑚
𝑡+1 = 𝑊𝑆𝑡𝑟𝑒𝑎𝑚

𝑡 + 𝑐𝑎𝑠 ∗ 𝐷 ∗

(𝑊𝑆𝑒𝑎
𝑡 −

𝑊𝑆𝑡𝑟𝑒𝑎𝑚
𝑡 )                                                           (11)

  
 

The fresh site streams flow into the rivers and 

exchange positions of a river with the stream gives 

the least cost in seventh step as the corresponding 

equation 

𝑊𝑆𝑡𝑟𝑒𝑎𝑚
𝑡+1 = 𝑊𝑆𝑡𝑟𝑒𝑎𝑚

𝑡 + 𝑐𝑎𝑠 ∗ 𝐷 ∗

(𝑊𝑅𝑖𝑣𝑒𝑟
𝑡 −

𝑊𝑆𝑡𝑟𝑒𝑎𝑚
𝑡 )                                                          (12)

   
 

The fresh spot river drifts into the sea and 

altercation the positions of the sea with river 

produces the least cost in eight step given as: 

𝑊𝑅𝑖𝑣𝑒𝑟
𝑡+1 = 𝑊𝑅𝑖𝑣𝑒𝑟

𝑡 + 𝐶𝑎𝑠 ∗ 𝐷 ∗ (𝑊𝑆𝑒𝑎
𝑡 −

𝑊𝑅𝑖𝑣𝑒𝑟
𝑡 )                                                              (13)

        
 

The cas represents arbitrary rate [0 -1]. In step 

nine, the convergence criteria reached, and raining 

starts.  Define new-fangled position with the 

lowermost rate by figuring the cost.  The objective 

is to eradicate the concentrated values, modernize 

the least cost and identify lower values in phase 

ten.  Check the convergence requirement after 

selecting the new sites for the sea and rivers; 

otherwise, proceed to step six. 

 

Fig. 2: Convergence graph 

Table 1. AWCA on/off angle 
V U1 W1 U2 W2 U3 W3 

100 22.00 22.59 31.48 46.00 87.83 90 

120 20.00 20.37 45.00 59.49 72.00 90 

140 6.00 28.46 30.50 42.00 77.00 90 

160 2.48 21.00 35.00 52.65 67.77 90 

180 15.13 23.00 46.43 48.00 84.00 90 

200 3.00 13.81 35.54 37.00 60.50 90 
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3 Problem Solution 
 

Tabulation of the optimal switching angle simulated 

using MATLAB.  The suggested approach was 

contrasted with the literature piece.  For the output 

voltage of 160V, the comparison was tabulated for 

APWM using an AWCA, APWM using BeCO, and 

SiPWM.  After 100 iterations, the objective function 

converged. 

 

Table 2. Parameter values of diverse methods 
Scheme %VD %ID PF 

AWCA  1.05 0.80 0.93 

BeCO[11] 16.15 16.15 0.81 

SiPWM 21.10 12.90 0.83 

 

 
 

Fig. 3: Discrepancies of %THDv vs voltage 

 

SPWM has a total harmonic distortion voltage of 

21.1%, while the asymmetrical technique has 

1.02%.  The sinusoidal pulse width modulation at 

160V results in a 20.05% reduction in the overall 

harmonic distortion of voltage.  It demonstrates that 

the suggested method's distortion level is lower than 

the IEEE requirements.  Therefore, the speed 

control works well for under de-rating condition. At 

160V, the asymmetrical pulse width modulation has 

a total harmonic distortions current of 0.59% 

compared to the technique of sinusoidal pulse width 

modulation has a 21.1% rate.  The overall distortion 

of harmonics of current is 12.31% less to the 

sinusoidal pulse width modulation. It concluded 

that the waveform is sinusoidal due to lesser 

harmonic distortion. 

 
Fig. 4: Discrepancies of %THDi vs voltage 

 

 

 
Fig. 5: Discrepancies of Power factor vs voltage 

 

Asymmetrical pulse width modulation is 0.93, 

while the power factor for sinusoidal pulse 

width modulation is 0.87.  When compared to a 

sinusoidal pulse with modulation at 160 V, the 

AC chopper's input power factor is higher.  

Under various loading scenarios, the enhanced 

power factor decreases the distortion level in 

the induction motor.  The efficiency of 

asymmetrical pulse width modulation at 160 V is 

71%, while that of sinusoidal pulse width 

modulation is 53%.  When compared to the 

traditional approach, the efficiency of the 

asymmetrical pulse width modulation is over 18%.  

It suggests that there are less losses occurring during 

operation. 
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Fig. 5: Discrepancies of Efficiency vs voltage 

 

4 Conclusion 
The evaporation water cycle technique is used in 

this article's selective harmonic elimination method 

to generate switching angles for the PWM AC 

chopper. This optimization provides a simple 

solution for the transcendental equations of the 

harmonic problem.  The simulation result shows that 

this optimization algorithm reduces the lower-order 

harmonics of the AC chopper. The output validation 

is executed by using MATLAB software. The 

application of this approach to lower harmonics in 

ac chopper supplied single phase induction motor 

drives was the focus of further research. drives. 
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