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Abstract: The development of power conversion technology is in constant demand due to high power efficiency and high 

power density. In the resonant converter, huge resonant converter topologies are available and among them, LLC converter 

is the most attractive one as it is capable of operating in the wide variation range of input voltage and load conditions. 

Apart from these advantages, LLC Resonant Converter (LLC-RC) suffers from drawbacks like power loss and voltage 

fluctuations. Thus, this paper intends to develop novel LLC-RC designs on the basis of the Parameter Optimization (PO) 

algorithm. The proposed mode l overcomes the major shortcoming by employing a non -conceptual model on the basis of the 

simulated outcome. The inte lligent model is constructed under the start-up conditions with the literary outcomes achieved 

from the resonant current. As a novelty, the time constant of the resonant converter is optimized by Firefly algorithm (FF). 

The time constant is optimized on the basis of the objective model, which was obtained from the function of start-up time. 

The start-up time was diminished and the response speed of the output vo ltage was increased. Finally, the proposed Firefly 

algorithm based Parameter Optimization (FF-PO) mode l was compared with the existing models like Whale Optimization 

Algorithm based Parameter Optimization (WOA-PO), IAPO, Ant Bee Colony-PO (ABC-PO), Particle Swarm Optimization- 

PO (PSO-PO) and Grey Wolf Optimization (GWO-PO) on the basis of error and steady-state response.  

 

Keywords: LLC resonant converter; Output voltage; peak value; Parameter optimization; RMSE; Firefly algorithm based 

Parameter Optimization (FF-PO) model.  

 

1. Introduction  

In recent decades, the usage of electricity becomes a rapidly increasing demand for present power supply 

industry owing to the rise in the requirements in distributed power supply systems [6] [7]. The process of 

power conversion is to analyze and supply electricity, further, the power converters are required 

universally to fulfill the electric power demands.  Generally, the power conversion is defined as a 

significant connection among the supplied power source to the consumer electronic devices/energy 

transmission/storage products. resonant DC/DC converter is a group of converters with L -C resonant 

tank working as the main role in power conversion technology [8]. Moreover, the basic ideas behind the 

construction of resonant converters are the circulating energy available in the L -C resonant circuit is 

controllable through modifying the operating frequency. Thus, the converter is able to control the input 

power to the required output voltage. Typically, the resonant converters comprised of three basic parts 

such as rectifier, switch network, and resonant tank. Usually, the resonant tank performs as a frequency 

selector for an inverter, while in a converter, the sinusoidal waveform purity is not considered as a 

rectifier and the output low-pass filter can transform the DC from AC. Further, the different resonant 

properties of the L-C tank decide the various functionalities of the resonant converters [9] [10]. Moreover, 

the high fluctuations in the resonance intensify the current distributed to the resonant tank that 

intensifies the conduction losses as well as balance the benefits of short switching losses [11] [12]. 
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 Generally, resonant DC/DC converter is a group of converters with L -C resonant tank working as the 

main role in power conversion technology [13] [15]. Moreover, the basic ideas behind the construction of 

resonant converters are the circulating energy available in the L-C resonant circuit is controllable 

through modifying the operating frequency. In L -C resonant tank structure, it has different types which 

are the L-C resonant tanks [14] [17]. The Series Resonant Converter  (SRC) has the resonant inductor 

and capacitor in series. Further, the resonant tank is connected serially with the output load resistance 

as well as the resonant tank impedance Z performs as a function to the switching frequency  [16] [18].  

The major drawback of SRC is high switching loss in MOSFET converters [19] [20].  The Parallel 

Resonant Converter  (PRC) topology ahs the two resonant components (resonant inductor and Capacitor) 

in parallel. Here, the peak gain is achieved in the lower frequency. The major drawback of PRC is high 

conduction loss as well as poor efficiency for light load condition. So, with the intention of overriding 

these drawbacks, the LCC Resonant Converter (Series -Parallel Resonance Converter) is the combination 

of SRC and PRC. The major advantages of LLC Resonant Converter (LLC-RC) are zero load handling 

capability under light load condition [21] [22].  

 In an LLC-RC topology under the Frequency Domain Method, the higher harmonics of the square 

wave voltage were ignored [23] [29]. This model provides no details on the operation current or voltage 

behavior of the converter. The state-plane analysis for LLC-RC depicts the relation between state 

variables like the resonant currents and voltages using the state-plane diagram. The major drawback of 

this model is multiple resonant stages concerning the DC characteristic information  [24] [25]. In the 

Time Domain Method of LLC-RC, the periodic resonant current, as well as the voltage waveforms, are 

achieved by sorting the operation modes. The power losses are higher in this technique [26] [27] [28]. 

Hence, there is a necessity to have an optimal design for LLC-RC. 

 The major contribution of this research work is to design a novel LLC-RC converter by optimizing the 

output voltage and resonant inductor current in order to diminish the error. The proposed FF-PO model 

is compared with the state-of-art models like IA-PO, ABC-PO, PSO-PO, WOA-PO, and GWO-PO in terms 

of RMSE and steady-state response.  

 The rest of the paper is organized as: Section 2 provides a compact review on the related works done 

in LLC-RC design. Section 3 portrays LLC resonant converter model and Section 4 discusses the 

parameters optimization for the start-up process. The objective of the LLC converter design is depicted in 

Section 5. The results acquired and their corresponding discussion is provided in Section 6. Section 7 

provides a strong conclusion to this research work.  

2. Literature Survey 

2.1 Related Works 

In 2019, Kwon et al.  [1] formulated the no-load control method using full-bridge structure in order to 

achieve the plasma sputtering process in the LLC resonant converter. Initially, the plasma was 

generated by operating the plasma sputtering process under a no-load condition. On the basis of the 

parasitic component, the proposed no-load control method was evaluated in order to exhibit the 

enhancement in the performance of the proposed model.  

In 2018, Singh [2] developed a novel HV resonant DC-DC converter in MPM based transmitters with 

the objective of powering the powering Traveling Wave Tube (TWT). In order to additional voltage boost, 

the LLC converter was made to operate under series resonant frequency.  The Symmetrical Quadrupler 

Rectifier (SQR) based high voltage LLC resonant was utilized to solve the issues related to th e 

discontinuous secondary current. In the differential modes of operation, the SQR, as well as the LLC 

resonant full-bridge inverter, were coupled together to achieve additional voltage gain.  

In 2012, Madheswaran et al. [3] proposed Digital Signal Processor (DSP) based fuzzy controller for 

LLC resonant converter with the intention of estimating the output voltage regulation and d and supply 

voltage fluctuations. The proposed model was analyzed in terms of both closed-loop and open-loop 

conditions using state-space model. In the proposed model, the output voltage was regulated by the fuzzy 

controller by means of varying the supply voltage and load disturbance.  

In 2019, Hua et al. [4] introduced a Dual-Bridge (DB) LLC resonant converter for dc/dc conversion on 

the basis of the switch integration technique for a wide range of low input voltage. In the Full-Bridge 

(FB) LLC and Half-Bridge (HB) LLC, the buck-boost converter was employed in the front stage in order 

to achieve greater input voltage. In addition to this, the magnetizing inductance was maximized. 

Further, at different input voltages, the different phase-shift modulation gains were used by DB LLC 

resonant converter at different input voltages.  
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In 2018, Yang et al. [5]projected a novel bidirectional LLC-C resonant converter for an energy storage 

system with the aid of normalized symmetry resonant tank. For each of the resonant capacitor, two 

auxiliary switches were employed in order to provide bypass path between the capacitors. The proposed 

model operated either forward or backward operating mode on the basis of the switching.  

3. LLC Resonant Converter Model 

Among the DC-DC converter like series resonant converter, parallel resonant converter, and series-

parallel resonance converter, the most favorable topology is LLC-RC as it has high power density as well 

as high effectiveness. Apart from the error in LLC-RC is high and several works are being conducted in 

for a further reduction in the error and enhancement in performance as well as a control mechanism. The 

control scheme broadly adopted to secure real-time measurement is the frequency modulation control 

scheme. The frequency of switching is governed by diminishing the linear pattern or exponential pattern 

from higher frequency to steady-state frequency by the frequency modulation control scheme. The high 

frequency and steady-state frequency are represented suing the notation 
HHf and

STf , respectively. The 

mathematical formula for frequency is exhibited in Eq. (1). The time and the frequency-time constant are 

denoted as t  and  , respectively. It is easier to execute the exponential outline with a first-order filter 

and during switching the frequency conversion is smoother. On the other hand, the trial-and-error 

technique describing   is wearisome [19], owing to the deficiency in the precise investigation of the 

dynamic method of the converter. The overall architecture of LLC-RC is shown in Fig.1.  

  





t

STHHST effff                                       (1) 

  

Vin 

 

Logic + 

- 

Q1 

Q2 

Va 
iLrLr 

n:I:I 

Dr1 
iLm 

iLrLr 

+ 

- 

Vt 

Vgs2 

Vgs1 VCO 

EXP 

ic 

C0 

IR 

RL 

+ 

- 

Cr 

Vcr - + Dr2 

ID 

V0 

Lm 
Vt

* * 

 
 

Fig. 1. Overall architecture of the LLC-Resonant converter 

4. Parameter Optimization for the Startup Process  

On the basis of the combined state equations, it is confined that the radius and the center of arc 

trajectory are closely related to the output voltage. Thus, by measuring the output voltage, the entire 

state variables involved in the start-up process can be determined.  

4.1 Output Voltage  

The additional current to load is decreased by charging the capacitor with rectifier current. As the 

required output is achieved from the capacitor during the switching process, the output voltage is 

considered to be stable and the essential current flows to load. Eq. (2) depicts the mathematical formula 

for increased output voltage throughout one rectifier duration. The current through the capacitor is 

represented as ci and the sum of the current from two rectifier diodes, load current and output current 

are denoted using the notation Di , Ri and 0C , respectively. Further, all throughout a rectifier conduction 

period under steady-state, the output mean value of capacitor current ci , as well as the addition of all the 
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magnetic current, 
Lmi  is symmetrical and equal to zero. Thus, Eq. (2) gets transformed as per Eq. (3). In 

the rectifier conducting period, the value of the Eq. (4) and Eq.  (5) varies from 1t  to 3t . The resonant 

capacitor voltage and the resonant capacitor is 
rCV and

rC , respectively. The critical load resistor is 

denoted using the notation 
LR . In addition, the resonant inductor current, resonant impedance and the 

switching period is represented as
Lri , 

0Z and
sT , respectively. On the basis of these parameters, Eq. (6) 

and Eq. (7) are formulated. The primary phases at time duration
1t and 

2t  of arc  0,1x and  0,2x are 

denoted as
1 and

2 , respectively. The natural frequency is denoted as 
0 and its corresponding 

mathematical formula is shown in Eq. (8). As per Eq. (9), the current in the inductor is balanced and here 

the notation for exciting current is
LmI . 
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In between the time interval 01t  and 02t , the time is equal to half of the switching period sT . The 

mathematical formula for this case is shown in Eq. (10).The freewheeling period of the rectifier diode is 

represented using the notation 01t and it is equal to lastt 23 , which is the freewheeling period of the previous 

mode. These help in evaluating the entire variables required for switching and further the term 3CrV is 

evaluated as 0V  and the mathematical formula for 3CrV is shown in Eq. (11). In the iteration method, the 

state variables are measured by fixing 00110  tIIVV LmLrCr and in mode 1 or 3, the values 

of 11,rpL and 212 , CrVt are computed. In mode 2 or 4, the values of 22 ,rpL and 323, CrVt are computed. Then,  

the value of LmIVV ,, 00 is computed and once if the steady-state is reached, the obtained values are the 

state variables and in case of not reaching the steady-state, the value of 2301 tt  and 31 CrCr VV  are 

assumed and the process is repeated.  

2

T
tt s
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4.2 Peak Value of Resonant Current 

At lower switching frequency, the resonant current has reached the peak value and it resembles the 

amplitude of resonant current and when the frequency of switching is greater at the final moment. When 

the switching is greater at the final moment value and it is equivalent to the resonant current value of 

mode 1 and mode 3. The output voltage at the starting instant is equal to zero and hence the value 

of 0xx,Vxx 32in41  . Here, mode 2 and mode 4 are lessened. Eq. (12) depicts the circular trajectory 

in radian throughout the entire mode of operation. The term 
321 ,, LrLrLr iii tells about the resonant current 

in each model at the finishing point and the normalized frequency is referred to as 
nf and it is 

r
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The mathematical formula for resonant current’s peak value in the initial switching duration is 
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5. Objective Function of LLC Converter Design 

5.1 Objective Function and Solution Encoding 

The major objective of this research is to diminish the error function G  , which is the total error 
e between the error measurement 1e  and error measurement 2e . The error measurement 1e is the error 

between the output voltage 0V  and the desired output voltage DV0 . The error measurement 2e is the 

difference between the peak value of resonant current LrmI and the desired peak value of resonant 

current D
LrmI . The mathematical formula for error measurement 1e  and the error measurement 2e  is 

shown in Eq. (21) and Eq. (22), correspondingly. The mathematical formula for total error 

measurement
e is the addition of the errors 1e and 2e as per Eq. (19). Further, Eq. (20) depicts the 

mathematical formula for the error function G . 

 001 VVe D                                (17) 

 Lrm
D
Lrm IIe 1                               (18) 

21 eee 
                               (19) 

  eMinG                               (20) 

The solutions ,rC ,rL  and  are encoded for obtaining the objective function (i.e., attaining minimum 

LrmI and 0V values). The term ,rC ,rL  and  depicts the resonant capacitor, resonant inductor, angle of 

the initial point and frequency time constant, respectively. The lower limit of rC is e-6 and the upper 

limits is 100e-6. The lower limit of rL is e-9 and the upper limit is 5e-9. The upper limit and the lower limit 

of  is 1 and e3, respectively and the lower limit and upper limits of  are 1 and 100 respectively. The 

diagrammatic representation of the solution encoding is shown in Fig. 2.  
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Fig. 2. Solution encoding process 

5.2 Standard Firefly Algorithm 

As mentioned before, the solutions such as 
,rC ,rL  and  are optimized using FF algorithm [35] and 

[36]. This algorithm was introduced in the year 2008 by Xin-She. Three major assumptions of FF are (a) 

(a) all FF are unisex (b) Attractiveness  of FF α brightness and Attractiveness of FF α 1/ distance 

between fireflies. (c) The brightness of FF is defined in terms of the objective function. The attractiveness 
of FF is denoted as   is directly proportional to distance x . The mathematical formula for attractiveness 

between two EE is shown in Eq. (17), in which the maximum attractiveness (light absorption coefficient) 

is denoted as 
0
 . In addition, gK  is the position of 

thg  FF and 
hK  is the position of thh  FF. Then, Eq. 

(18) depicts the mathematical formula for the distance between two FF, in which the notation b  is the 

count of the dimensions. Eq. (23) depicts the movement of FF and on the basis of the distance between 

FF; the value of 
hM  (light intensity) is measured. The initial position of FF is denoted as per Eq. (24), in 

which the first term tells about the current position of FF, the second term portrays the attractiveness of 

FF and the last term depicts the random movement of FF. The represents the original light intensity is 

depicted using the term 
0M . The pseudo-code for conventional FF is shown in Algorithm 1.  
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Algorithm 1: Firefly algorithm  

Initialize Maximum generation gMax  and intensity of light  gM  

Light absorption co-efficient is defined 

While  gMaxt   

For 1:1 ng  for all FF 

 For 2:1 nh  for all FF 

  If  gh MM   

   FF g  is moved towards h  

  End if 
  Attractiveness varies with distance x  

  New solutions are evaluated and light intensity is updated 

 End for h  

End for g  

FF are ranked and the best FF is predicted 

End while 

 

Thus by adopting FF technique, the parameters such as LrmI and 0V can be minimized by optimizing 

the relevant parameters.   

6. Results and Discussions 
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6.1 Simulation Procedure  

The proposed LCR-RC model on the basis of the FF-PO algorithm was simulated in MATLAB, and the 

optimal results were obtained. In this experiment, the value of 
LrmI and 

0V are optimized and the steady-

state response is recorded. It was analyzed for three different experiments by fixing the set points of 

 0,VILrm
 at (15, 23), (5, 20) and (10, 25), respectively for experiment 1, experiment 2 and experiment 3, 

respectively. The proposed FF-PO model was compared with other conventional models like IA-PO [35], 

ABC-PO [31], PSO-PO [32], WOA-PO [33] and GWO-PO [34]. 

6.2 Error Analysis 

RMSE of the proposed FF-PO model for LLC-RC for three set points namely, (15, 23), (5, 20) and (10, 25) 

for 
LrmI  and 

0V is shown in Fig. 3(a) and Fig. 3(b), respectively. Fig. 3(a) depicts the RMSE values 

obtained by varying 
LrmI  for three set points namely, (15, and 23), (5, 20) and (10, 25). For the first 

experiment (Experiment -1), the value of FF-PO is 92% and 51% better than IA-PO and ABC-PO 

techniques, respectively. In the second experiment (Experiment-2), the proposed FF-PO model in terms 

of RMSE for varying 
LrmI  is 29.8% and 14% better than the traditional PSO-PO and FFPO technique. In 

Experiment-3, the RMSE of the proposed FF-PO model is 94.7% superior to IA-PO and 73% superior to 

GWO-PO technique. Thus, from this analysis on RMSE values for varying
LrmI , the proposed FF-PO 

model exhibits better performance. 

Fig. 3(b) illustrates the RMSE values obtained by varying 0V for three experiments (Experiments -1,  

Experiment -2, and Experiment-3) for three set points namely, (15, 23), (5, 20) and (10, 25), respectively. 

RMSE value of the proposed FF-PO for Experiment-1 is 59.8% and 3.8% better than the state-of-art 

model like IA-PO and ABC-PO techniques, respectively. In Experiment-2, RMSE value of the proposed 

FF-PO model is 35.7% better than PSO-PO and 14.2% better than GWO-PO, respectively. In 

Experiment-3, the proposed FF-PO method is 45.8% superior to IA-PO and 20.6% superior to GWO-PO 

techniques. Thus, from this analysis on RMSE values for varying 0V , the proposed FF-PO model exhibits 

better performance.  

 

  
(a) (b) 

Fig. 3. Graphical representation of RMSE value obtained by varying (a) LrmI (b) 0V  

6.3 Analysis of the Steady-State Response 

The proposed FF-PO model is analysed in terms of , rise time, settling time, settling minimum, settling 

maximum, overshoot, undershoot, peak and peak time for three different experiments by fixing the set 

points of  0,VILrm  at (15, 23), (5, 20) and (10, 25), respectively.  Table 1 depicts the steady-state response 

LrmI corresponding to Experiment -1. From the analysis, it is clear that the Settling Time is lowest in the 

proposed model FF-PO and the corresponding value is 8.555574. The setting time of the conventional 

models like IA-PO, ABC-PO, PSO-PO, WOA-PO, and GWO-PO is 45.98023, 17.779576, 23.71366, 

16.371086 and 8.557208, respectively. The minimum Settling time is achieved by FF-PO as 5.002178. 

Table 2 depicts the corresponding values of 0V for different experiments. The minimum setting level is 

low in the proposed FF-PO model and it is 10.47603, the other levels are 12.54166, 14.50717, 18.54166, 
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13.03174, and 12.48852 for IA-PO, ABC-PO, PSO-PO, WOA-PO, and GWO-PO, respectively. The 

overshoot value of the proposed FF-PO model is 0.107007 and the peak value is 12.9905. Table 3 show 

casts the steady-state analysis for 
LrmI for Experiment-2. The rise time=0 for both the proposed as well as 

the existing model. The lowest Settling Time is 7.77782 and it is achieved in proposed FF-PO. The 

Settling Minimum has the lowest value as 5.000397 and the setting max value as 22.70768 for the 

proposed FF-PO model. The Overshoot and the Undershoot value of proposed FF-PO model are 554.1017 

and 1.835594, correspondingly. Table 4 exhibits the steady-state 
0V analysis for Experiment-2 in which 

the Settling Time of FF-PO is 13.15255 and it is 54.45%, 11.9%, 49.48%, and 0.02% better than IA-PO, 

ABC-PO, PSO-PO, WOA-PO, and GWO-PO, respectively. Table 5 exhibits the steady-state analysis for 

LrmI  Experiment-3, from which the overshoot of the proposed FF-PO model is 47.58612, which is 88.8% 

better than IA-PO, 34.9% better than ABC-PO, 83.3% better than WOA-PO and 85.2% better than GWO-

PO. Table 6 depicts the steady-state analysis for 
0V  regarding Experiment-3. Here, the value of Settling 

Time for the proposed FF-PO model is 8.962245 and it is 47.5%, 51.6%, 44.3%, 32%, and 0.7% better than 

existing than IA-PO, ABC-PO, PSO-PO, WOA-PO, and GWO-PO, respectively.  

 

Table 1. Analysis of Steady-state  Stability for
LrmI for 1st experiment 

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO  

Rise time 0 0 0 0 0 0 
Settling Time 45.98023 7.779576 23.71366 6.371086 8.557208 8.555574 
Settling Min 3.902498 15.19063 3.902498 1.506247 5.111981 5.002178 

 Settling Max   59.58278 18.57222 22.83132 74.93567 24.59467 24.40701 
Overshoot 1426.785 20.57158 485.0438 501.9619 63.96446 62.73971 

 Undershoot 0 74.29702 0 20.42285 0 0 
Peak   59.58278 18.57222 22.83132 74.93567 24.59467 24.40701 

Peak Time 45 6 3 3 3 3 

 

Table 2. Analysis of Steady-state  Stability for
0V for 1st experiment 

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO 

Rise time 0 0 0 0 0 0 

Settling Time 7.09298 4.512533 6.10274 7.12522 3.065112 2.107312 
Settling Min 12.54166 14.50717 18.54166 13.03174 12.48852 10.47603 

Settling Max 19.52631 13.2531 20.52631 33.48649 22.98853 12.9905 
Overshoot 0 0.001192 0 61.10978 0.106135 0.107007 

Undershoot 0 0 0 0 0 0 

Peak 10.52631 13.2531 10.52631 23.48649 12.98853 12.9905 
Peak Time 100 12 100 2 6 6 

 

Table 3. Analysis of Steady-state  Stability for LrmI for 2nd experiment 

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO 

Rise time 0 0 0 0 0 0 

Settling Time 35.98023 8.65921 14.78616 8.01649 9.77991 7.77782 

Settling Min 3.902498 5.250561 4.285375 4.997268 4.999946 5.000397 

Settling Max 49.58278 24.28264 10.06399 16.51892 22.70482 22.70768 

Overshoot 1426.785 552.9328 368.1968 430.6683 554.1035 554.1017 
Undershoot 0 3.117753 0 0 1.833235 1.835594 

Peak 39.58278 14.28264 8.06399 16.51892 12.70482 12.70768 

Peak Time 45 3 3 3 3 3 

 

Table 4. Analysis of Steady-state  Stability for 0V for 2nd experiment

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO  

Rise time 0 0 0 0 0 0 

Settling Time 27.09298 11.75384 25.88162 17.8867 13.15562 13.15255 

Settling Min 18.54166 18.59842 19.03922 18.89421 18.64038 18.64128 
  Settling Max   20.52631 20.17241 21.02916 20.96248 20.17241 20.17241 

Overshoot 0 0 0 0 0 0 

  Undershoot 0 0 0 0 0 0 

Peak   20.52631 20.17241 21.02916 20.96248 20.17241 20.17241 
Peak Time 100 100 100 100 100 100 
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Table 5. Analysis of Steady-state  Stability for
LrmI for 3rd  experiment 

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO  

Rise time 0 0 0 0 0 0 

Settling Time 25.98023 8.459763 13.71366 7.482513 8.16852 6.06433 
Settling Min 3.902498 20.13032 13.902498 -9.58209 25.007195 5.22978 

 Settling Max   39.58278 17.80458 10..83132 42.32365 6.78018 6.77473 

Overshoot 426.785 73.1331 285.0438 323.2078 47.80226 47.58612 
Undershoot 0 0 0 95.81646 0 0 

Peak   59.58278 37.80458 22.83132 62.32365 16.78018 16.77473 
Peak Time 45 3 3 3 6 6 

Table 6. Analysis of Steady-state  Stability for
0V for 3rd  experiment

Methods IA-PO [35] ABC-PO [31] PSO-PO [32] WOA-PO [33] GWO-PO [34] FF-PO  

Rise time 0 0 0 0 0 0 

Settling Time 17.09298 5.911161 16.10274 13.369537 9.029978 8.962245 
Settling Min 8.54166 10.25554 8.54166 10.18556 10.76239 10.7993 

 Settling Max   10.52631 12.1793 10.52631 11.8122 12.72726 12.72052 

Overshoot 0 7.29E-09 0 6.009367 0 0 
 Undershoot 0 0 0 0 0 0 

Peak   10.52631 12.1793 10.52631 11.8122 12.72726 12.72052 
Peak Time 100 29 100 2 76 75 

7. Conclusion 

This paper projected an LLC-RC design model by means of optimizing the parameters like output voltage 

and resonant inductor current with the help of FF -PO model. The proposed model reduced the error of 

the system. The modified design in the optimization process was updated using FF-PO model. Finally, 

the proposed FF-PO model was compared with existing methods like IA-PO, ABC-PO, PSO-PO, WOA-

PO, and GWO-PO in terms of error and steady-state analysis by varying LrmI and 
0V . The value of 

Settling Time for the proposed FF-PO model for Experiment- 3 is 8.962245 and it is 47.5%, 51.6%, 44.3%, 

32%, and 0.7% better than existing than IA-PO, ABC-PO, PSO-PO, WOA-PO, and GWO-PO, 

respectively. 
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