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ABSTRAK 

Penelitian ini bertujuan mengembangkan model matematika penyebaran penyakit 

Tuberkulosis dengan membagi populasi menjadi lima kompartemen yaitu 

Susceptibel, Latent, Infected, Treatment dan Recovered. Hasil analisis dinamik 

dari model menunjukkan bahwa terdapat dua titik ekuilibrium model, yaitu titik 

ekuilibrium bebas penyakit (𝐸0) dan endemik (𝐸1) yang bergantung pada 

bilangan reproduksi dasar 𝑅0 =
Λ𝛽𝜃(𝛼+𝜇+𝜏)

(𝜇2+(𝜅+𝜏+𝛼+𝛾)𝜇+(𝜅+𝛾)𝛼+𝜅𝜏)𝜇𝑁(𝛿+𝜇+𝜃)
. Agar model 

dapat menggambarkan keadaan sebenarnya dari penyakit TB, parameter model 

diestimasi menggunakan data kasus Tuberkulosis di Indonesia tahun 2000 sampai 

2025 melalui algoritma Particle Swarm Optimization. Lebih jauh untuk 

mengendalikan penyebaran penyakit, pada model diterapkan kontrol optimal 

berupa vaksinasi. Hasil simulasi numerik pada model menunjukkan bahwa 

penerapan kontrol vaksinasi berhasil mengendalikan penyebaran penyakit dan 

jumlah individu pada semua kompartemen. 

Kata Kunci: Model Matematika Tuberkulosis, Bilangan Reproduksi Dasar, 

Estimasi Parameter, Kontrol Optimal, Particle Swarm Optimization. 
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ABSTRACT 

This study aims to develop a mathematical model of tuberculosis disease spread 

by dividing the population into five compartments, namely Susceptible, Latent, 

Infected, Treatment, and Recovered. The result of the dynamic analysis of the 

model show that there are two equilibrium points, namely disease-free 

equilibrium point (𝐸0), and endemic equilibrium point (𝐸1), which depend on the 

basic reproduction number 𝑅0 =
Λ𝛽𝜃(𝛼+𝜇+𝜏)

(𝜇2+(𝜅+𝜏+𝛼+𝛾)𝜇+(𝜅+𝛾)𝛼+𝜅𝜏)𝜇𝑁(𝛿+𝜇+𝜃)
. In order 

for the model to accurately describe the actual state of TB, the model parameters 

were estimated using data on tuberculosis cases in Indonesia from 2000 to 2025 

through the Particle Swarm Optimization algorithm. Furthermore, to control the 

spread of disease, optimal control in the form of vaccination was applied to the 

model. The results of numerical simulations on the model showed that the 

application of vaccination control successfully controlled the spread of disease 

and the number of individuals in all compartments 

Keywords: Tuberculosis Mathematical Model, Basic Reproduction Number, 

Parameter Estimation, Optimal control, Particle Swarm Optimization. 
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