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DETEKSI DINI KESEHATAN PARU DARI SUARA NAPAS DENGAN
DWT-MFCC, SVM, DAN RANDOM FOREST

ABSTRAK

Auskultasi manual masih sangat bergantung pada ketelitian pemeriksa, sedangkan
skrining awal membutuhkan proses yang lebih terdokumentasi dan dapat diuji
kembali, terutama pada kondisi keterbatasan akses tenaga medis dan alat diagnostik
di berbagai wilayah Indonesia. Penelitian ini mengembangkan LungSphere, yaitu
prototipe skrining awal kesehatan paru yang menganalisis rekaman suara napas
menggunakan kombinasi fitur Discrete Wavelet Transform (DWT) dan Mel-
Frequency Cepstral Coefficients (MFCC). Data utama berasal dari dataset Fraiwan
yang dikelompokkan ke dalam dua kelas, yaitu sehat dan tidak sehat, dengan total
112 pasien dan 429 segmen audio berdurasi 4 detik tanpa overlap. Setiap segmen
menghasilkan 70 fitur, terdiri atas 30 fitur statistik DWT (energi, entropi, mean,
standar deviasi, skewness, dan kurtosis pada lima sub-band dekomposisi level 4)
serta 40 fitur MFCC berbasis mean dan standar deviasi dari 20 koefisien cepstral.
Dua algoritma pembelajaran mesin, yaitu Support Vector Machine dengan kernel
RBF (SVM-RBF) dan Random Forest, dibandingkan menggunakan skema evaluasi
patient-wise hold-out agar segmen dari pasien yang sama tidak tercampur antara
data latih dan data uji, guna mencegah kebocoran data. Studi ablasi menunjukkan
bahwa fitur DWT saja menghasilkan performa mendekati acak, fitur MFCC saja
cukup kompetitif, sedangkan kombinasi keduanya memberikan hasil terbaik.
Model SVM-RBF DWT-MFCC  terpilih menghasilkan akurasi patient-level
78,26%, sensitivitas 93,75%, spesifisitas 42,86%, Fl-score 85,71%, dan AUC
0,7679. Model tersebut diintegrasikan ke aplikasi web berbasis Flask bernama
LungSphere yang menyediakan fitur unggah audio, pemeriksaan awal kelayakan
sinyal respirasi, skor risiko, probabilitas segmen, interpretasi non-diagnostik, serta
saran tindak lanjut. LungSphere diposisikan sebagai prototipe akademik untuk
mendukung skrining awal berbasis suara napas, bukan sebagai pengganti auskultasi
maupun diagnosisklinis olchtenaga medis.

Kata kunci: suara napas, DWT-MFCC, SVM-RBF, patient-wise hold-out,
skrining paru.
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DETEKSI DINI KESEHATAN PARU DARI SUARA NAPAS DENGAN
DWT-MFCC, SVM, DAN RANDOM FOREST

ABSTRACT

Manual auscultation still depends heavily on examiner interpretation, while early
screening requires a process that can be documented, repeated, and evaluated,
particularly where access to medical personnel and diagnostic equipment remains
limited across many regions of Indonesia. This study develops LungSphere, an
early lung health screening prototype that analyzes respiratory sound recordings
using a combination of Discrete Wavelet Transform (DWT) and Mel-Frequency
Cepstral Coefficients (MFCC) features. The main data source is the Fraiwan
dataset, grouped into healthy and unhealthy classes, consisting of 112 patients and
429 non-overlapping 4-second audio segments. Each segment yields 70 features,
comprising 30 DWT statistical features (energy, entropy, mean, standard deviation,
skewness, and kurtosis across five level-4 decomposition sub-bands) and 40 MFCC
features based on the mean and standard deviation of 20 cepstral coefficients. Two
machine learning algorithms, Support Vector Machine with an RBF kernel (SVM-
RBF) and Random Forest, were compared using a patient-wise hold-out evaluation
scheme to ensurc segments from the same patient were never shared between
training and testing sets, preventing data leakage. An ablation study showed that
DWT features alone performed close to random, MFCC features alone were
reasonably competitive, while the combined feature set achieved the best
performance. The selected SVM-RBF DWT-MFCC model achieved 78.26%
patient-level accuracy, 93.75% sensitivity, 42.86% specificity, 85.71% F1-score,
and 0.7679 AUC. The model was integrated into a Flask-based web application
named LungSphere that provides audio upload, initial respiratory-signal validity
checking, risk scoring, segment-level probability —display, non-diagnostic
interpretation, and_follow-up recommendations, LungSphere is_positioned as an
academic, prototype to support breath-seund-based. early. screening and is not
intended“to" replace “auscultation”or clinical*diagnosis pcrformed by medical
professionals.

Keywords: respiratory sound, DWT-MFCC, SVM-RBF, patient-wise hold-
out, lung screening.
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