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Lampiran 1. Pencarian Nilai Kp  

No. KP KI KD 
RMS 

PID 

1 0 0 0 327,15 

2 0,1 0 0 911,6 

3 0,2 0 0 599,2 

4 0,3 0 0 451,8 

5 0,4 0 0 365,2 

6 0,5 0 0 308,2 

7 0,6 0 0 267,8 

8 0,7 0 0 237,9 

9 0,8 0 0 215,3 

10 0,9 0 0 197,5 

11 1 0 0 183,2 

12 1,1 0 0 171,7 

13 1,2 0 0 161,8 

14 1,3 0 0 153,9 

15 1,4 0 0 147,9 

16 1,5 0 0 141,2 

17 1,6 0 0 136,1 

18 1,7 0 0 131,8 

19 1,8 0 0 128,9 

20 1,9 0 0 124,6 

21 2 0 0 121,7 

22 2,1 0 0 119,1 

23 2,2 0 0 116,7 

24 2,3 0 0 114,6 

25 2,4 0 0 112,8 

26 2,5 0 0 111,1 

27 2,6 0 0 109,5 

28 2,7 0 0 108,1 

29 2,8 0 0 106,9 

30 2,9 0 0 105,8 

31 3 0 0 104,7 
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Lampiran 2. Pencarian Nilai Ki 

NO KP KI KD RMS PID 

1 3 0 0 104,7 

2 3 0,1 0 99,99 

3 3 0,2 0 96,83 

4 3 0,3 0 94,67 

5 3 0,4 0 93,17 

6 3 0,5 0 92,09 

7 3 0,6 0 91,03 

8 3 0,7 0 90,07 

9 3 0,8 0 90,24 

10 3 0,9 0 89,87 

11 3 1 0 89,58 

12 3 1,1 0 89,34 

13 3 1,2 0 89,14 

14 3 1,3 0 88,97 

15 3 1,4 0 88,83 

16 3 1,5 0 88,7 

17 3 1,6 0 88,59 

18 3 1,7 0 88,05 

19 3 1,8 0 88,42 

20 3 1,9 0 88,35 

21 3 2 0 88,28 

22 3 2,1 0 88,23 

23 3 2,2 0 88,18 

24 3 2,3 0 88,130 

25 3 2,4 0 88,009 

26 3 2,5 0 88,060 

27 3 2,6 0 88,050 

28 3 2,7 0 88,040 

29 3 2,8 0 88,030 

30 3 2,9 0 88,020 

31 3 3 0 88,010 
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Lampiran 3. Pencarian Nilai Kd 

NO KP KI KD RMS PID 

1 3 2,4 0 88,009 

2 3 2,4 0.1 128,4 

3 3 2,4 0.2 175,5 

4 3 2,4 0.3 212,9 

5 3 2,4 0.4 244,8 

6 3 2,4 0.5 273 

7 3 2,4 0.6 298,6 

8 3 2,4 0.7 322,2 

9 3 2,4 0.8 344,2 

10 3 2,4 0.9 364,8 

11 3 2,4 1 384,4 

12 3 2,4 1.1 403 

13 3 2,4 1.2 420,7 

14 3 2,4 1.3 437,8 

15 3 2,4 1.4 454,2 

16 3 2,4 1.5 470 

17 3 2,4 1.6 485,5 

18 3 2,4 1.7 500,7 

19 3 2,4 1.8 515,5 

20 3 2,4 1.9 529,9 

21 3 2,4 2 544 

22 3 2,4 2.1 557,9 

23 3 2,4 2.2 571,5 

24 3 2,4 2.3 585 

25 3 2,4 2.4 598,3 

26 3 2,4 2.5 611,4 

27 3 2,4 2.6 624,4 

28 3 2,4 2.7 637,1 

29 3 2,4 2.8 649,7 

30 3 2,4 2.9 662,2 

31 3 2,4 3 674,6 
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Lampiran 4. Hasil pencarian menggunakan Metode PSO 

 

 

 

 

 

 

No Kp Ki Kd RMSE ( Root Mean of Squared Error )

1 0.406726915 0.351110459 5.04E-05 182097.0468

2 0.666931533 2.444045069 6.13E-05 56158.14341

3 0.93372566 0.974566316 8.19E-05 57038.12983

4 0.810950032 0.738684343 5.32E-05 70377.95102

5 0.484548272 1.028139663 2.02E-05 105395.2499

6 0.75674921 1.12707642 4.54E-05 67465.46943

7 0.417047454 1.639661379 4.28E-05 94599.05824

8 0.971785993 1.685760463 9.66E-05 47551.39878

9 0.987974701 1.187466686 6.20E-05 51402.71352

10 0.864147529 1.194392639 6.95E-05 58442.35391

11 0.388883776 1.546101658 7.20E-05 102777.9361

12 0.454741828 1.972591626 3.47E-05 80910.02242

13 0.246687198 2.852745595 5.17E-05 98935.41251

14 0.784423093 2.167045543 5.57E-05 52120.63668

15 0.882837606 1.200239236 1.56E-05 57060.04466

16 0.913711681 2.495614018 5.62E-05 44108.04073

17 0.558284924 0.403015025 6.95E-05 122324.6376

18 0.598868103 0.181400316 4.26E-05 125616.0913

19 0.14887672 0.252741157 8.36E-05 565389.5644

20 0.899713485 0.491694955 7.31E-05 67460.83551

21 0.450393581 0.972659761 3.60E-05 115326.2618

22 0.205672339 0.905180332 4.54E-05 221479.8982

23 0.899650991 0.035042973 3.86E-05 77963.15746

24 0.762585539 1.619715282 7.76E-05 59378.21433

25 0.882486307 0.286118078 7.34E-05 73571.62217

26 0.284950218 0.439544569 4.30E-05 248412.9372

27 0.673225986 1.893423621 6.94E-05 61893.62882

28 0.664279904 2.577961234 9.45E-05 55223.59879

29 0.122814994 2.922664894 7.84E-05 145172.58

30 0.407318423 1.712515282 7.06E-05 94140.6327

31 0.275286951 2.990550644 1.09E-05 90537.27769
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Lampiran 5. Hasil Perbandingan Kecepatan Trial and Error  

Variasi 

Kecepatan  

Jenis 

Pengendali 
Settling Time (s) Rise Time (s) Overshoot (%) 

 

1000 RPM 
PID - 0,003798 42,143  

PID Adaptif - 0,004269 10,565  

1500 RPM 
PID - 0,004884 10,579  

PID Adaptif 0,019383 0,00618 4,801  

2000 RPM 
PID - 0,010592 12,928  

PID Adaptif 0,014958 0,013496 1,266  

 

Lampiran 6. Hasil simulasi paper terkait (Performace Improvement in BLDC   

Motor Drive Using Self-Tuning PID Controller) 

Variasi 

Kecepatan  

Jenis 

Pengendali 
Settling Time (s) Rise Time (s) Overshoot (%) 

 

1000 RPM 

PID 0,03 0,0005 85  

Proposed Self-

tuned PID 
0,025 0,0025 90  

1500 RPM 

PID 0,0275 0,0006 86,67  

Proposed Self-

tuned PID 
0,0225 0,0025 33  

2000 RPM 

PID 0,025 0,00065 90  

Proposed Self-

tuned PID 
0,02 0,0035 25  
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Lampiran 7. Hasil simulasi paper terkait (Particle Swarm Optimization-Based 

BLDC Motor Speed Controller with Response Speed 

Consideration)  

 

Lampiran 8.  Hasil simulasi kecepatan yang didapat 
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Lampiran 9 Paper 
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Lampiran 10 Coding PSO 

clc 
 
% Inisialisasi nilai awal 
populationSize = 50; 
nGen = 31; 
lb = [0 0 0]; 
ub = [1 1 1]; 
population = lb + (ub - lb) .* rand(populationSize, nGen); 
maxGenerations = 5; 
bestError = zeros(maxGenerations, 1); 
error = zeros(populationSize, 1); 
 
generation = 1; 
while generation <= maxGenerations 
    % Perhitungan nilai fitness 
    for i = 1:populationSize 
        error(i) = calculateError(population(i, :)); 
    end 
     
    % Seleksi parents menggunakan seleksi turnamen 
    parentIndex = selectionTournament(error, 18, populationSize); 
    parents = population(parentIndex, :); 
     
    % Operasi crossover titik potong tunggal 
    offspring = crossover(parents, parentIndex, nGen); 
     
    % Operasi mutasi 
    mutationProbability = 0.1; 
    mutatedOffspring = mutation(offspring, mutationProbability); 
     
    % Evaluasi error/performa individu/kromosom hasil reproduksi 
    offspringError = zeros(size(offspring, 1), 1); 
    for i = 1:size(offspring, 1) 
        offspringError(i) = calculateError(mutatedOffspring(i, :)); 
    end 
     
    % Penggantian populasi 
    [population, error] = replace(population, error, parentIndex, 
offspring, offspringError, populationSize); 
     
    % Pencatatan nilai error terbaik setiap generasi 
    bestError(generation) = min(error); 
     
    % Tampilkan hasil setiap generasi 
    disp(['Generation: ', num2str(generation), ' | Best Error: ', 
num2str(bestError(generation))]); 
     
    generation = generation + 1; 
end 
 
% Hasil optimasi 
[minError, minIndex] = min(error); 
bestParameters = population(minIndex, :); 
disp('Optimization Results:'); 
disp(['Best Parameters: ', num2str(bestParameters)]); 



116 
 

disp(['Best Error: ', num2str(minError)]); 
 
% Fungsi untuk menghitung performa sistem kontrol PID pada SEPIC 
converter 
function error = calculateError(k) 
    assignin('base', 'k', k); 
    % Kode simulasi SEPIC converter 
    sim("PlantforGAtesting.slx");  
    % Fungsi Objektif 
    error = ISE(length(ISE)); 
end 
 
% Fungsi-fungsi bantu 
function parentIndex = selectionTournament(error, m, populationSize) 
    parentIndex = zeros(m, 1); 
    for i = 1:m 
        candidates = randperm(populationSize, 2); 
        if error(candidates(1)) <= error(candidates(2)) 
            parentIndex(i) = candidates(1); 
        else 
            parentIndex(i) = candidates(2); 
        end 
    end 
end 
 
function offspring = crossover(parents, parentIndex, nGen) 
    n = numel(parentIndex); 
    offspringNum = n/2; 
    crossoverPoint = randi([1, nGen-1]); 
    offspring = zeros(offspringNum, nGen); 
    for i = 1:offspringNum 
        candidates = randperm(n, 2); 
        offspring(i, :) = [parents(candidates(1), 1:crossoverPoint), 
parents(candidates(2), crossoverPoint+1:end)]; 
    end 
end 
 
function mutatedOffspring = mutation(offspring, mutationProbability) 
    mutatedOffspring = offspring; 
    n = numel(mutatedOffspring); 
    ranNum = 0.01*rand(n,1); 
    for i = 1:n 
        if ranNum < mutationProbability 
            mutatedOffspring(i) = ranNum(i); 
        end 
    end 
end 
 
function [newPopulation, newError] = replace(population, error, 
parentIndex, offspring, offspringError, populationSize) 
    newPopulation = population; 
    newError = error; 
    m = numel(parentIndex)/2; 
    sorting = sort(newError, 'descend'); 
    nMaxError = sorting(m); 
    maxErrorIndices = zeros(m,1); 
    for i = 1:populationSize 
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        if newError(i) >= nMaxError 
            maxErrorIndices(i) = i; 
        end 
    end 
    maxErrorIndices = maxErrorIndices(maxErrorIndices ~= 0); 
    for a = 1:m 
        if newError(maxErrorIndices(a)) >= offspringError(a) 
            newPopulation(maxErrorIndices(a), :) = offspring(a, :); 
            newError(maxErrorIndices(a)) = offspringError(a); 
        end 
    end 
end 
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Lampiran 11 Coding Trial and Error 

clear;  
clc; 
%MOTOR PARAMETER 
Ra = 2.3; % Tahanan Jangkar [Ohm] 
La = 0.00768; % Induktansi jangkar [Henry] 
J = 0.00035; % Inersia [Nms2/rad] 
Kb = 0.7452; % Konstanta generator [Vs/rad] 
Km = 0.74; % Konstanta motor [Nm/A] 
B = 0.002; % Konstanta beban (frction) [Nms/rad] 
Vdc = 24; % Tegangan inverter [Volt] 
Max_RPM = 3000; % RPM motor 
Max_freq = Max_RPM/60; % Frekueansi maksimal [Hz] 
P = 4; % Jumlah kutub 
 
%CONTROLLER PARAMETER 
Kpvar = 0:0.1:3;    
Ki = 0; 
Kd = 0; 
M = length(Kpvar); 
RMSEakhir = zeros(1,M); 
RMSUakhir = zeros(1,M); 
j = zeros(1,M); 
Kpsave = zeros(1,M); 
 
% Tref = 2000*Ts/(P/2); 
% Dref = 50;  
Vref = 5; % Tegangan referensi (maksimal) potensio (V) 
Set_Point = 3; % Tegangan input potensio [V] 
K = (Max_freq/Vref)*(P/2); % Gain Frekuensi pada frequency generator 
[Hz/V] 
RPM_ref = (Set_Point*K*60)/(P/2); % Referensi kecepatan 
ErrorMax = 700; 
UsahaMax = 2; 
p = 1/ErrorMax; 
q = 1/UsahaMax; 
 
%MOTOR SIMULATION 
for k = 1:M 
    Kp = Kpvar(k); 
    SamplingTime = 1e-6; 
    Ts = 10*SamplingTime; 
    SimulationTime = 10; 
    sim('Pencari_Nilai_Kp.slx')     
    N = length(Time); 
    T = zeros(1,N); 
    RPM = zeros(1,N); 
    RPM_Total = zeros(1,N); 
    RPM_rata2 = zeros(1,N); 
    Error = zeros(1,N); 
    Error_kuadrat = zeros(1,N); 
    RMSE = zeros(1,N); 
    ControlSignal_kuadrat = zeros(1,N); 
    RMSU = zeros(1,N); 
    T(1) = Time(1); 
    RPM(1)= 2.0890e+03; 
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    RMSE(1)=0; 
    Error(1) = 0; 
    Error_kuadrat(1) = 0; 
    RMSU(1) = 0; 
    Usaha(1) = 0; 
    ControlSignal_kuadrat(1) = 0; 
    RPM_Total(1) = 0; 
    for I = 2:N 
        T(I) = Time(I); 
            if (Pulse(I)>0.5)&&(Pulse(I-1)<=0.5) 
                PERIODE = T(I)-T(I-1); 
                RPM(I)= (60/PERIODE)/(P/2); 
            else 
                RPM(I) = RPM(I-1); 
                T(I) = T(I-1); 
            end 
        Error(I) = RPM(I) - RPM_ref; 
        Error_kuadrat(I) = Error_kuadrat(I-1) + Error(I)^2; 
        RMSE(I) = sqrt(abs((Error_kuadrat(I)/I))); 
        ControlSignal_kuadrat(I) = ControlSignal_kuadrat(I-1) + 
ControlSignal(I)^2; 
        RMSU(I) = sqrt(abs((ControlSignal_kuadrat(I)/I))); 
        RPM_Total(I) = (RPM_Total(I-1)+RPM(I)); 
        RPM_rata2(I) = RPM_Total(I)/I; 
    end 
    RPMakhir = RPM_rata2(I); 
    RMSEakhir(k) = RMSE(I); 
    RMSUakhir(k) = RMSU(I); 
    j(k) = sqrt((((p*RMSEakhir(k)).^2))+(((q*RMSUakhir(k)).^2))); 
    Kpsave(k) = Kp; 
end 

 


