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 Although photovoltaic (PV) power generation systems are an efficient way 

to use solar energy, their conversion efficiency is very low. Keeping the DC 

output power from the panel consistent is the key challenge with solar PV 

systems. Radiation and temperature are two variables that can impact a 

panel's output power. This study proposes a unique hunting-based 

optimization technique called the Tyrannosaurus optimization algorithm 

(TROA). It is demonstrated that the TROA can be used to achieve maximum 

power point tracking (MPPT) for lithium-ion battery charging with solar 

panels. Tyrannosaurus Rex hunting techniques served as the model for this 

approach. MPPT is used to regulate the solar array's output in PV systems. A 

buck converter is used by the charge controller to convert DC to DC. To 

provide the most power, it is utilized to balance the impedance of batteries 

and solar panels. To maximize power transfer, the algorithm modifies the 

gating signal's duty cycle based on the voltage and current detected by the 

solar panel. Three well-known optimization methods are contrasted with 

TROA's performance: gorilla troops optimization (GTO) algorithm, perticle 

swarm optimization (PSO), and cultural algorithm (CA). In contrast to 

current approaches, the proposed approach has yielded superior results. 
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1. INTRODUCTION 

The predominance for solar technology worldwide in the future is a result of its striking qualities 

and ongoing quest for new sources of energy. To meet its present needs, every country has started to 

progressively construct photovoltaic (PV) plants [1], [2]. Because of their enormous power needs, developing 

nations like India will need to depend on sustainable energy sources like wind and solar power. Arctic 

icebergs melt as a result of climate change brought on by rising global temperatures. As a result, every nation 

began looking for alternate methods to reduce pollution [3]. There are very few obstacles in the way of the 

grid's integration and conversion [4]. When one system is converted to another, such as when DC to DC or 

DC to AC is converted, the conversion process usually occurs. The most significant conversion system 

among them is DC to DC [5]-[7]. Lead acid batteries are still popular but experiments with lithium-ion 

batteries are also underway; the key aspect here is price. A stand-alone PV system uses solar energy. Solar 
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energy is transformed into electrical energy by PV panels. Nonlinear internal characteristics are seen in PV 

systems. A solar PV system's voltage and power characteristics are influenced by temperature and radiation. 

To monitor maximum output power, maximum power point tracking (MPPT) is necessary since solar panels 

are expensive batteries that are interfaced with a DC-to-DC converter. The major reasons why lead acid 

batteries are utilized are their extended service life, low self-discharge, broad working temperature range, and 

lack of maintenance requirements. When compared to the PV panel, the battery installation costs are lower. 

However, owing to its short service life, the battery has a higher lifetime cost than a PV system. Longer 

periods of low PV energy availability or incorrect charging and discharging shorten battery life. The charging 

process needs to be controlled in order to get a high state of charge (SOC) and increase battery life. To 

extend the life of batteries, they must be properly charged. In a freestanding PV system, the battery charging 

controller is principally in charge of halting reverse current flow, preventing deep discharge when the system 

is under load, and fully charging the battery without going overboard. The battery model, PV model, and 

battery charging system with buck converter are all included in this proposed system. A buck converter, 

which is also used for battery charging, controls the flow of electricity from the PV panel to the battery and 

load. The PV panel's power must be measured using an MPPT control algorithm. The Tyrannosaurus 

optimization algorithm (TROA) is used in MPP tracking. 

The complete system is modeled using MATLAB/Simulink, and the outcomes are displayed. The 

battery charging current monitoring technique used in this work is depicted in Figure 1. To increase the solar 

panel's maximum power production, MPPT systems are utilized. Despite changes in load factors, 

temperature, and irradiance, the solar PV panel's output remains constant. In order for solar panels to 

generate electricity more effectively, buck converters are used to convert DC to DC electricity [8]. In 

standalone PV systems, buck converters are utilized for DC-DC step-down and battery storage [9]. Diodes, 

thyristors, power metal–oxide–semiconductor field-effect transistors (MOSFETs), and other components are 

frequently used in exchange applications. By operating the DC-DC converter in a closed loop and altering the 

MOSFETs' gate signal, the output voltage is limited [10]. For monitoring solar output from PV panels, a 

variety of MPPT algorithms are available, For battery charging applications, step-down converters provide 

greater efficiency. TROA is a flexible and efficient method for solving temperature and isolation issues. 

Insolation, short for incident or incoming solar radiation, is a method that measures the total quantity of solar 

radiation energy received by a region over a given time period. The measurement of radiation is in watts per 

square meter or W/m2. 

The amount of radiation that is reflected or absorbed in PV systems depends on an object's 

reflectivity. The amount of insolation that enters a surface is largest when it faces the Sun directly. As the 

angle between the direction of the sun's beams at a right angle to the surface and that direction rises, the 

insolation falls according to the cosine of the angle [9]. The buck converter uses buck operation, which steps 

down the voltage and is useful for charging batteries and low-power applications. The purpose of this study 

was to employ the MPPT and TROA to improve the efficiency of battery charging with solar energy. 

Simulink was utilized to assess the inquiry's efficacy. 

The system description that the MPPT block is mostly concerned with is shown in Figure 1 of the 

current work. Using a recently developed optimization technique called TROA, the proportional integral 

derivative (PID) controller's gain settings are adjusted to optimize the power output from the model PV. The 

pulse width modulation (PWM) technique is utilized to supply the chopper's gate with the proper pulses. 

 

 

 
 

Figure 1. The planned PV power system's block diagram 
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2. RESEARCH METHOD 

2.1.  Buck converter DC-DC 

A conversion of bucks in essence, DC-DC consists of power switches that control pulses, like 

bipolar junction transistors (BJTs) or MOSFETs. Figure 2 shows the circuit configuration, by lowering the 

high-level DC voltage to the low-level DC voltage, the MOSFET acts as a power switch. The output voltage 

of this circuit never rises above the input voltage [11]. This circuit's objective is to produce a complete DC 

output. The DC output voltage in the basic circuit was produced using an LC low-pass filter. The diode 

reverses biases and begins supplying energy to the load and inductor once the switch is activated. Once the 

switch is deactivated, the diode will conduct inductor current and become forward-biased. To power the load, 

some of its energy reserves will be used. This circuit design can be applied as a high-level voltage connection 

to a low load and as a high-range step-down converter [12]-[15]. The buck converter's primary parameters 

are shown in Table 1. 

 

 

 
 

Figure 2. Buck converter topology 

 

 

Table 1. The buck converter's primary parameters 
Type 

 

Switching frequency 𝑓𝑐 10 kHZ 

Load 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 12 V 

Inductance 𝐿 2.63e-4 H 

Capacitance 𝐶1 𝐶2 33 µF, 309 µF 

 

 

The connection between input voltage (𝑉
𝑆
) and duty cycle causes a low output voltage related to 

buck converters. The output voltage's value (𝑉𝑜), the duty cycle has an impact on. The (1) can be used to 

calculate the output voltage based on the duty cycle, D. When constructing the buck converter, the inductor 

value is determined using (2) and (3). To guarantee the circuit's continuous operation, the inductor's value, as 

determined by (2), must be 25% more than its minimum value, 𝐿𝑚𝑖𝑛. In addition, the maximum and minimum 

inductor currents (𝐼𝑚𝑎𝑥 and 𝐼𝑚𝑖𝑛) can be found using (4), (5), (7), and to maintain a constant current flow, the 

𝐼𝑚𝑖𝑛 value must be greater than zero, and the output ripple voltage, which can be expressed as a percentage of 

the output voltage, can be used to determine the value of the capacitor, C using (7). 

 

𝐷=
𝑉𝑜

𝑉𝑆
 (1) 

 

𝐿𝑚𝑖𝑛=
𝐷(1−R)

2f
 (2) 

 

L=1.25𝐿𝑚𝑖𝑛 (3) 

 

𝐼𝐿=
𝑉𝑜

𝑅
 (4) 

 

𝐼𝑚𝑎𝑥=𝐼𝐿 +
𝛥𝑖𝐿

2
 (5) 

 

𝐼𝑚𝑖𝑛=𝐼𝐿 −
𝛥𝑖𝐿

2
 (6) 
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𝐶=
(1−D)

8L( 
𝛥𝑉𝑜
𝑉𝑜

) 𝑓
2  (7) 

 

2.2.  The maximum power point tracking algorithm utilizing proportional integral derivative 

One type of feedback control loop technology is a PID controller that combines derivative, 

integrator, and proportional control. Typically, it constantly calculates the error value, e(t). The error value is 

the discrepancy between the intended value and the processed output. PID controllers react fast, deliver the 

desired output as effectively as feasible, and avoid overshooting or process delays. As a result, automatic 

control is possible. Figure 3 displays the PID controller's block diagram. The control output will likewise be 

high if the error is high. The present error values are handled by the proportional gain 𝐾𝑃 . The time-

integrated past values of error are integrated using an integrator in the integral gain 𝐾𝑖 . Because of this 

integral term, error is eliminated by the control output, which is reliant on the error's current cumulative error 

value. The derivative gain in a differentiator removes error by generating a control signal in reaction to a 

sudden change in current. It has a mathematical expression in (8). 
 

𝑢(𝑡) = 𝐾𝑝 𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝑡) 𝑑𝑡
𝑡

0
+ 𝐾𝑑

𝑑

𝑑𝑡
 𝑒(𝑡) (8) 

 

In the Laplace domain, its corresponding Laplace transform is expressed as in (9). 
 

𝑈(𝑆) = 𝐾𝑝 𝐸(𝑆) +  
𝐾𝑖 

𝑆
 𝐸(𝑠) + 𝐾𝑑 𝑆 𝐸(𝑆) (9) 

 

The proportional gain constant is denoted by 𝐾𝑃 , the integral gain constant by 𝐾𝑖 , the differential gain 

constant by 𝐾𝑑, the control variable by u(t), and the error value by e(t). 

 

 

 
 

Figure 3. The PID controller's design 

 

 

The DC load voltage reference value (𝑉𝑟𝑒𝑓). This extra input is used by the TROA-tuned MPPT 

controller to increase the duty cycle of the DC-DC boost converter for the best power point tracking. Figure 4 

shows the architecture of the control. 
 
 

 
 

Figure 4. PID control 

 

 

2.3.  Maximum power point tracking algorithm 

The junction of a PV module's I-V curve and the load line, or the load's I-V relationship, defines the 

module's operational point when it is directly connected to a load. A PV module's output is typically boosted 

to make up for its low power yield during the winter. This mismatch between a PV module and a load 

necessitates the use of a larger PV module, increasing the total cost of the system. A maximum power point 

tracker can assist alleviate this problem by maintaining the PV module's operating point at the MPP. MPPTs 

can catch over 97% of PV electricity when set correctly [16], [17]. The temperature and radiation at the 
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MPP's location in the I-V plane are always fluctuating. The MPPT controller's tracking algorithm is what 

makes it possible for it to locate the MPP. The voltage must then be raised to the proper level and maintained 

there using an MPPT controller. The MPPT's measurements of PV voltage and current should be followed by 

the PV operating voltage. The voltage is reduced to a level appropriate for battery charging by a synchronous 

buck mode DC-DC converter once it receives the module's output. To isolate the module from the battery, 

the MPPT algorithm modifies the PWM to the DC-DC converter to gradually alter the duty cycle. The PV 

module's operational parameter is suitably optimized in the current research employing the TROA. 

 

2.4.  Optimization algorithm 

It is possible to define many real-world issues as optimization problems with several parameters that 

need to be addressed. Finding a solution or solutions to reduce or maximize the values of one or more 

objectives is the mathematical definition of optimization. Moreover, an optimization problem is referred to as 

restricted when it calls for certain parameters to satisfy one or more restrictions. 

 

2.4.1. Tyrannosaurus optimization algorithm 

a. Inspiration 

These dinosaurs, and particularly the Tyrannosaurus Rex, were present in western North America 

around 66 million years ago. The Tyrannosaurus reigns supreme among the dinosaur species. In popular 

culture, the Tyrannosaurus Rex is referred to as T. rex or T-Rex, is one of the most well-known dinosaurs. 

Rex means "king" in Latin. Members of a genus, these massive theropod dinosaurs were 3.66 to 3.96 meters 

tall, 12.3 to 12.4 meters long, it typically weighed between 8.4 and 14 metric tons. 

People assume that tyrannosaurus rex, like lions, wolves, and other animals, are apex predators since 

they are among the largest carnivores on Earth. The T-Rex was a scavenger, according to other researchers 

[10]. Many scientists now concur that the T. Rex was both an active hunter and a scavenger, despite the fact 

that it was once uncertain if it was an apex predator or a scavenger [18]. Among other dinosaurs of its kind, it 

is renowned for its hunting behavior due to its powerful biting force Figure 5. 
 

 

 
 

Figure 5. Tyrannosaurus [19] 

 

 

b. Suggested algorithm 

This section starts by describing the inspiration behind the recommended strategy. Next, an 

algorithm and flowchart are presented with the mathematical model. The TROA simulates Tyrannosaurus rex 

hunting to update population positions. Prey selection, which finally selects the best option, hunting and 

pursuit, and population initiation are the three primary steps of the process [19]-[22]. Figure 6 displays a 

diagram that illustrates the TROA algorithm, and the algorithm describes the specific phases of this 

mechanism's procedure. 

− Initialization 

− Hunting 

− Selection 

Let us see the steps in detail: 

 

i) Initialization 
TROA begins by employing randomness to generate an initial population, where each prey's 

location correlates to an optimization problem solution, much like any other heuristic technique. The (10) can 

be used to express the stochastic totality. 
 

 𝑋𝑖 = 𝑟𝑎𝑛𝑑 (𝑛𝑝, 𝑑𝑖𝑚)  ∗ (𝑢𝑏 − 𝑙𝑏) + 𝑙𝑏 (10) 
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Where 𝑋𝑖 indicates the location of the i-th prey, 𝑋𝑖=[𝑋1, 𝑋2,....., 𝑋𝑛] within the upper and lower boundaries, 

𝑋𝑖 is created at random, with 𝑛 being the dimension, where the population size is denoted by np, the upper 

and lower boundaries of the search space by 𝑢𝑏 and 𝑙𝑏, respectively, and the search space's dimension by 

𝑑𝑖𝑚. 

 

ii) Hunter and pursuing 

As with wolves, lions, and other apex predators, a T-Rex pursues its victim. Upon spotting its 

closest target, the T-Rex attempts to hunt. Prey may attempt to flee or protect itself from predators on 

occasion. When T-Rex are young, they hunt at random because they are chasing and capturing prey. 

 

𝑋𝑛𝑒𝑤 = [
𝑥𝑛𝑒𝑤 𝑖𝑓 𝑟𝑎𝑛𝑑( ) < 𝐸𝑟

𝑅𝑎𝑛𝑑𝑜𝑚 𝑒𝑙𝑠𝑒
 ] (11) 

 

Therefore, as (11) illustrates, when the T-Rex starts hunting, the prey starts to disintegrate, and the T-Rex 

tracks it by updating its location. Where 𝐸𝑟 is the estimated chance of reaching the scattered prey. 

 

𝑋𝑛𝑒𝑤 = 𝑥 + 𝑟𝑎𝑛𝑑( ) ∗ 𝑠𝑟 (tpos ∗ 𝑡𝑟 − 𝑡𝑎𝑟𝑔𝑒𝑡 ∗ 𝑝𝑟) (12) 

 

When the hunting success rate, denoted by 𝑠𝑟, falls between [0.1, 1]; hunting is unsuccessful if sr is 0, and 

the position of the associated prey must be changed; the Tyrannosaurus rex's running speed, 𝑡𝑟, is measured 

between [0, 1], while the prey's running speed, 𝑝𝑟, is recorded between [0, 1] as well. The minimum distance 

the prey must go to avoid the rex is known as the target. 

 

iii) Selection 

The position of the prey—that is, the present and previous locations of the intended prey—is the 

basis for the selection process. If the prey runs away or protects itself from the predator, the prey position is 

zero, which prevents the T-Rex from hunting. The comparative fitness function, which is produced by 

comparing the fitness function, is displayed in (13) [19], [21]. 

 

𝑥𝑖
𝑘+1 = {

𝑢𝑝𝑑𝑎𝑡𝑒 𝑡ℎ𝑒 𝑡𝑎𝑟𝑔𝑒𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑖𝑓 𝑓(𝑥) < 𝑓(𝑥𝑛𝑒𝑤) 

𝑡𝑎𝑟𝑔𝑒𝑡 𝑖𝑠 𝑧𝑒𝑟𝑜 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
 (13) 

 

A representation of the updated prey's fitness function by 𝑓( 𝑋𝑛𝑒𝑤), whereas the initial random prey 

position's fitness function is represented by 𝑓(𝑥). Tyrannosaurus Rex cannot hunt 𝑓(𝑥) < 𝑓(𝑥𝑛𝑒𝑤), as shown 

by (13), if the prey position becomes 0. 

The suggested optimization procedure is organized according to the T-Rex's predatory behavior. 

Algorithm 1 describes the methodical steps of the Tyrannosaurus optimisation algorithm (TOA). The 

procedure starts with the random initialization of the prey's position and the assessment of its fitness based on 

the specified objective function. The algorithm then determines the position that is closest to the target, 

directing the T-Rex's hunting movement through a sequence of mathematical updates. The iterative cycle 

makes sure that the prey's position is refined by comparing fitness values, eventually arriving at the best 

solution. 

 

Algorithm 1. T-Rex hunting optimization strategy for prey capture 

Input: Population size, maximum iterations, and objective function 𝑓(𝑥). 

Output: the optimal position of the target. 
1- Begin 

2- Using Equation (10), randomly initialize the prey's position. 

3- Use Equation (10) to compute fitness. 

4- Determine the prey's closest location and set the T-Rex to pursue it. 

5- Use Equations (11) and (12) to begin the T-Rex hunting procedure. 

6- Assess the suitability of the prey's new habitat. 

7- Update the prey's position if the 𝑓(𝑥) < 𝑓(𝑥𝑛𝑒𝑤). 

8- The goal equals zero if the condition fails. 

9- stop 

 

Pseudo code 1 summarizes the procedural logic of the TOA to make its computational 

implementation more understandable. In (10) is used to determine the prey's starting position. Its fitness is 

then assessed to choose the main target. The movement of the T-Rex is controlled by a stochastic parameter 
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𝐸𝑟  inside the iterative while-loop. In (11) is used to update the prey's location if the condition (𝑟𝑎𝑛𝑑( ) <
𝐸𝑟) is met; if not, a random update is carried out. After calculating the new fitness using (12), the system uses 

conditional logic to either reset the objective or update the target's location. Until the ideal value is 

discovered, and the termination requirements are satisfied, this cycle keeps going. 

 

Pseudo code 1. T-Rex algorithm 
First, use Equation (10) to determine the prey's position. 

Determine the prey's minimum position and compute its fitness. 

Look at the intended prey 

The start of the while loop  

Make the T-Rex move at random. 

𝑖𝑓 𝑟𝑎𝑛𝑑( ) < 𝐸𝑟 

Use equation (11) to update the prey's position. 

else 

Randomly update the prey's location. 

End the if 

Use Equation (12) to determine the new fitness 

If 𝑓(𝑥) < 𝑓(𝑥𝑛𝑒𝑤).  
Update the target's and prey's locations. 

else 

The objective is zero. 

 Close the if 

Search for the best value. 

𝑡 = 𝑡 + 1 
Complete while 

Go back 

 

 

 
 

Figure 6. Diagram representing the TROA algorithm 

 

 

 

Start 

Set the prey's location to start Determine the Prey's Fitness (F1) 

Determine the fitness of the prey (F1) 

If rand( ) < Er 

Randomly update the prey's 

location 

NO Yes 

Determine the fitness of the prey (F2) 

 

Yes 
NO 

Find the T-Rex's minimal position when it comes to prey.  

Utilizing equation (2), update 

the prey's location. 

if F1 < F2 

Target is zero 

Update the fitness value, target, 

and T-Rex position. 

Stop 
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2.5.  The Tyrannosaurus optimization algorithm-based MPPT algorithm with variable step size 

As seen, when the step size is fixed, the conventional MPPT algorithms perform admirably. 

However, the most problematic issues include the inability to adhere to the MPP point when atmospheric 

conditions change quickly, the delayed convergence, and oscillations around the MPP point. Tracking can be 

finished quickly by accounting for larger phases. Slower dynamics oscillations can be attenuated by using a 

smaller step size. Many contributions that took advantage of variable step size have made significant progress 

in solving these problems. With this method, the system uses the attributes of the PV array to automatically 

determine the step size. Depending on each operating situation, the step size must strike a satisfying balance 

between oscillations and dynamism. A novel variable step size MPPT algorithm with less oscillations, 

quicker response times, and easier comprehension is presented in this study [23]-[26]. Figure 7 displays the 

variable step MPPT that Simulink generated. 

 

 

 
 

Figure 7. Implementation of MPPT variable step TROA MATLAB/Simulink 

 

 

3. RESULTS AND DISCUSSION 

We utilize the Solar PV mono-crystalline 315.016 W module from Znshine PV-Tech ZXP6-72-315-

P to simulate and evaluate the suggested approach. Table 2 lists te Znshine PV-Tech PV module's technical 

specifications. 

 

 

Table 2. Presents the technical parameters of the Znshine PV-Tech 315.016W PV module 
Type ZXP6-72-315-P 

The voltage in a circuit that is not plugged 𝑉𝑜𝑐 45.22 V 

The current of a short circuit 𝐼𝑠ℎ𝑜𝑟𝑡 8.95 A 

Maximum voltage 𝑉𝑚𝑝𝑝 37.28 V 

Maximum current 𝐼𝑚𝑝𝑝 8.45 A 

Maximum power 𝑃𝑚 315.016 W 

It determines how many cells there are in a series 𝑁𝑠 72 

It determines how many cells there are in a parallel 𝑁𝑝 1 

Parallel resistance 𝑅𝑝 252.2616 Ω 

Series resistance 𝑅𝑠 0.2702 Ω 

 

 

A PV module model made with MATLAB/Simulink version R2019a, The PC has an Intel(R) Core 

(TM) i5-2410M CPU and 6 GB of RAM. Analyze the relationship between tracking the largest power point 

and employing artificial intelligence techniques to produce the maximum power. A comparative simulation 

analysis shows the efficacy of the proposed MPPT algorithms. By building the simulations under identical 
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meteorological conditions, the simulation investigations were finished in steady-state settings. The solar 

energy system is subjected to the application of particle swarm optimization (PSO), cultural algorithm (CA), 

gorilla troops optimization (GTO), and TROA. These algorithms were initially put to the test by varying each 

technique's settings and monitoring the system's reaction. The main emphasis is on how quickly the power 

ripple produced by The MPP is followed by steady-state oscillations surrounding it. The population size and 

dimension for all of the approaches used in this work were set at (10, 20, 30) and (50, 100,150). Testing was 

done on four algorithms: the first was the CA, which had the following values: alpha=0.3, beta=5, and 

acceptance ratio accept=0.35. The second was PSO, where the inertia weights were 𝑤𝑀𝑎𝑥=0.7, 𝑤𝑀𝑖𝑛=0.4, 

and 𝐶1 = 𝐶2 =1.49445. In GTO, the third is 𝑝=0.03, 𝐵eta=3, and w=7. In TROA, the fourth is 𝑠𝑟=0.7, 𝑡𝑟 

=0.2, and 𝑝𝑟=0.15, respectively. The PID controller was evaluated with these methods in three different 

iterations and search agent conditions. The fitness function is determined by taking the absolute error by time 

(ITAE) performance index. 

 

3.1.  A comparison study of the Tyrannosaurus optimization algorithm 

This section compares the suggested approach with three other optimization algorithms: PSO, 

cultural approach, and GTO. It is clear from Table 3 that TROA performed better in terms of exploration and 

exploitation when it came to solving the benchmark test issues than the other techniques. For a sample 

simulation run, the fitness value change as a function of iterations is shown by the convergence curve. The 

test result obtained for comparison with alternative algorithms and the recommended method is shown in 

Table 3. This suggests that TROA works more effectively than alternative algorithms. The convergence 

curves demonstrate that TROA typically advances in larger steps and hits near-optimal values in 

comparatively early repetitions. PSO, however, experiences slower convergences. On the other hand, TAOA 

was able to produce findings with greater precision through this search procedure as opposed to using the 

standard CA, GTO, and PSO. This phenomenon may be seen in the TROA curves, which indicate that most 

fitness functions can be achieved at relatively lower levels. TROA is hence more stable. It is evident from 

Figure 8 convergence curve comparison analysis, Figure 8(a) convergence curve illustration of the optimal 

values at iteration 50, Figure 8(b) convergence curve illustration of the optimal values at iteration 100, and 

Figure 8(c) convergence curve representation of best values at Iteration 150, that the TROA converges more 

quickly than other algorithms. On an arithmetic scale, the fitness value is represented by the y-axis. This 

logarithmic scale aids in determining how the fitness curve values of the various methods differ from one 

another. 

When compared to alternative methods, the fitness value of the suggested algorithm varies 

significantly. The target prey's dynamic position-updating approach is to blame for this. Because the TROA 

covers the entire search space with fewer iterations than other methods, it performs better. 

 

 

Table 3. Outcomes of TROA and other algorithms following 10 runs, (50, 100, 150) iterations, as well as 

population (10, 20, 30) 

Response 

parameters 
PSO GTO CA TROA 

No. of 
iteration 

50 100 150 50 100 150 50 100 150 50 100 150 

𝑘𝑃 10.57 11.03 150 146.27 20.29 29.80 15.43 15.08 15.15 11.85

5 

9.91 30.77 

𝑘𝑖 250 250 129.46 248.30 233.29 233.64 250 250 250 67.55 33.69 90.01 

𝑘𝑑 20.31 19.27 7.18 10.03 18.59 32.84 13.87 13.99 14.00 28.86 28.55 72.36 

Fitness 
function 

0.056
4 

0.0352 0.0352 0.0012 0.0017 0.0013 0.0011 0.0011 0.0011 1.91e-
07 

1.53e-
07 

7.82e-
08 

Settling 

time 

9.36 

ms 

9.06 

ms 

8.74 

ms 

8.55 

ms 

9.06 

ms 

10.13

ms 

9.06 

ms 

9.09 

ms 

9.06 

ms 

4.29 

ms 

4.48 

ms 

4.29 

ms 

Overshoot 0.909
0% 

0.909
% 

0.909
% 

0.909
% 

0.909
% 

0.909
% 

0.909
% 

0.909
% 

0.909
% 

0.819
% 

0.819
% 

0.819
% 

Rise time 19.72

ms 

19.70

ms 

19.62

ms 

19.46

ms 

18.91

ms 

19.99

ms 

19.52

ms 

19.52

ms 

19.53

ms 

1.76 

ms 

1.87 

ms 

1.76 

ms 

No. of 

search 
agent 

10 20 30 10 20 30 10 20 30 10 20 30 

 

 

Table 1 displays a PV panel's electrical properties. Figures 9 to 11 depict the PV module's 

performance, accordingly. A PV panel's power is displayed using the TROA-PID Control method in Figure 9. 

Figure 10 displays the voltages of a PV panel using TROA-PID control and a buck converter. To keep the 
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voltage and current constant, the TROA-PID controller adjusts the pulse width. The TROA-PID approach is 

used by a buck converter to supply a constant voltage and current to the load. Figures 12 and 13 show the 

voltage and load current, respectively. Figure 14 shows a buck converter's load power under TROA-PID 

control. The data makes it clear that TROA-based MPPT provides accurate tracking for both changeable and 

constant environmental conditions in the converters. 

 

 

  

(a) (b) 

  

 
(c) 

 

Figure 8. Convergence curve comparison analysis; (a) convergence curve illustration of the optimal values at 

iteration 50, (b) convergence curve illustration of the optimal values at iteration 100, and (c) convergence 

curve representation of best values at Iteration 150 

 

 

  
 

Figure 9. PV power using TROA-PID control MPPT 

 

Figure 10. PV voltage using TROA-PID control 

MPPT 
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Figure 11. PV current using TROA-PID control 

MPPT 

Figure 12. The load power of the buck converter 

  

  

  
  

Figure 13. The load voltage of the buck converter Figure 14. The load curent of the buck converter 

 

 

4. CONCLUSION 

The study presents a novel meta-heuristic approach to optimization issues that is modeled on 

Tyrannosaurus Rex's hunting style. This approach uses two inputs: the prey's position and the T-Rex. The 

prey will attempt to flee at a specific speed as the T-Rex pursues it with a predetermined success rate. About 

academic performance indices, the MPPT method was refined and verified. The converter outputs 

corresponding to different controllers are obtained and tuned with the best results in the MPPT. It has been 

found that when scaling gains are applied at the proper values, the TROA - PID system generates the most 

useful outputs. The outcomes of the Tyrannosaurus algorithm outperform those of the other methods. It is 

possible to use the established MPPT technology for other application-based systems. The tuning process is 

simplified since TROA-PID does not require data gathering for offline system identification. Additionally, 

the tuning process is trustworthy and not under human control. Because of this, the TROA- PID can be 

recognized as an adaptive tuning technique that can be directly embedded into the actual PV-MPPT hardware 

of any configuration. The TROA outperforms other approaches since it uses fewer iterations to cover the 

entire search space. Over ten runs in all operational settings, the average fitness function value was 1.53e-07. 

In contrast, the PSO, GTO, and CA for the other theories are 0.0352, 0.0017, and 0.0011, respectively. The 

approach will be expanded for multi-objective optimization situations in future studies. Future academics and 

researchers who study or do research on MPPT systems may find the results to their interest. 
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