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LEARNING BERDASARKAN DATA TEGANGAN DAN ARUS MOTOR
DC KEMUDI

Diana Eka Putri
NIM 2100041

ABSTRAK

Deteksi kondisi permukaan jalan yang akurat sangat penting untuk menjaga
keselamatan berkendara serta adaptabilitas kendaraan. Metode konvensional
berbasis sensor visual maupun inersial sering kali mengalami kesulitan, khususnya
ketika digunakan pada kondisi pencahayaan yang buruk atau lingkungan yang tidak
stabil. Untuk mengatasi hal tersebut, penelitian ini mengusulkan pendekatan
klasifikasi non-visual dengan memanfaatkan data tegangan dan arus dari motor DC
kemudi sebagai data utama untuk prediksi jenis permukaan jalan. Data
dikumpulkan secara real time menggunakan kendaraan Micro Electric Vehicle
(MEVi), kemudian diproses melalui ekstraksi fitur statistik. Dua jenis dataset
digunakan berdasarkan skema pelabelan berbeda: pertama untuk klasifikasi jenis
permukaan jalan, dan kedua untuk gabungan arah pergerakan kemudi dan jenis
jalan. Tiga algoritma supervised learning, yaitu Support Vector Machine (SVM),
K-Nearest Neighbors (KNN), dan Gradient Boosted Decision Tree (GBDT), dilatih
serta di validasi dengan data baru. Hasil pengujian menunjukkan bahwa KNN dan
GBDT keduanya mencapai rata-rata F1-score sebesar 1.00 pada data baru,
menunjukkan hasil prediksi yang baik. Sebaliknya, SVM menunjukkan overfitting
dengan penurunan kinerja signifikan pada data yang belum pernah dilihat. Kondisi
tersebut dapat dipengaruhi oleh sifat SVM yang sensitif terhadap pemilihan
parameter, sehingga pada pengaturan yang tidak optimal sering menghasilkan batas
Klasifikasi yang terlalu kompleks.Temuan ini mengindikasikan bahwa data
tegangan dan arus dari sistem kemudi dapat dijadikan indikator dalam klasifikasi
permukaan jalan. Pendekatan ini tidak hanya lebih hemat biaya dan tahan terhadap
kondisi cuaca dibandingkan metode visual, tetapi juga memiliki potensi untuk
diintegrasikan pada sistem Advanced Driver Assistance Systems (ADAS) maupun
sistem kendaraan otonom.

Kata Kunci: Prediksi Jenis Jalan, Supervised Learning, Motor DC Kemudi,
Support Vector Machine, K-Nearest Neighbors, Gradient Boosting Decision Tree
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ROAD TYPE PREDICTION SYSTEM USING MACHINE LEARNING
METHOD BASED ON VOLTAGE AND CURRENT DATA OF STEERING DC
MOTOR

Diana Eka Putri
NIM 2100041

ABSTRACT

Accurate detection of road surface conditions is crucial for driving safety and
vehicle adaptability. Conventional visual or inertial sensor-based methods often
struggle under poor lighting or unstable environmental conditions. This study
proposes a non-visual classification approach using voltage and current data from
a DC steering motor to predict road surface types. Data were collected in real time
from an autonomous micro electric vehicle (MEVi) and processed through
statistical feature extraction. Two datasets were created based on different labeling
schemes: one for road type and another combining steering direction and road type.
Three supervised learning algorithms Support Vector Machine (SVM), K-Nearest
Neighbors (KNN), and Gradient Boosted Decision Tree (GBDT) were trained and
evaluated using K-Fold cross-validation and new data validation. Results show that
KNN and GBDT achieved consistently high performance, with both models
reaching an average F1-score of 1.00 on new data, indicating excellent
generalization. In contrast, SVM exhibited signs of overfitting, with significantly
lower performance on unseen data. This may be due to SVM’s sensitivity to
parameter tuning and its tendency to create overly complex decision boundaries
when using non-optimized settings. KNN and GBDT, on the other hand, are better
suited for tabular statistical data and can model non-linear relationships
effectively. The findings suggest that electrical signals from steering systems can
serve as reliable indicators for road surface classification. This method offers a
low-cost, weather-resilient alternative to visual approaches and holds practical
potential for integration into Advanced Driver Assistance Systems (ADAS) or
autonomous vehicle platforms.

Keywords: Road type prediction, Supervised Learning, Steering DC Motor, Support
Vector Machine, K-Nearest Neighbors, Gradient Boosting Decision Tree

viii



DAFTAR ISI

LEMBAR HAK CIPTA ettt i
LEMBAR PENGESAHAN. ..o iii
PERNYATAAN BEBAS PLAGIARISME ..o v
KATAPENGANTAR . ...ttt v
ABSTRAK e vii
ABSTRACT ...ttt ettt sb ettt et e nae e nees viii
DAFTAR IST .. iX
DAFTAR TABEL ...t Xii
DAFTAR GAMBAR ...ttt Xiii
BAB | PENDAHULUAN ..ot 1
1.1 Latar Belakang Penelitian ............ccocooiiiiiiiniiiccscseee e 1
1.2 Rumusan Masalah Penelitian .............cccooeiirinieiiniieneeseseeeee 5
1.3 Tujuan Penelitian ..........cccooieiiiiiiiie e 5
1.4 Batasan Masalah Penelitian............ccccocoiiiiiiiiiie 6
1.5 Manfaat PENlitian .........cooviiiiiiiiieeee e 6
1.6 Struktur Organisasi SKIPSi........ccceiieiiiiiiieie e 7
BAB 1 KAJIAN PUSTAKA ..ottt 9
2.1 Sistem Prediksi Jenis Jalan ... 9
2.2 MaChing LEAINING .....ccoiviiiiiiiieieie e 10
2.3 SUPErVISed LEArNING ......ccccviiiieieieie ettt 14

2.3.1 Pemanfaatan Metode Supervised Learning untuk Pembuatan
Model KIaSTTIKAS ........cuveieiiiiieiicie e 16
2.3.2  Support Vector Machine...........ccocoveririniinene e 17
2.3.3  K-Nearest Neighbor ..........cccccoviiiiiii e, 20
2.3.4 Gradient Boosting DecCiSion Tree ........cccevvvivereeivesieennaiensnnns 22
2.4 MOTOE LISEITK ... 24



2.4.1 MOEOr DC...ooiii s 27
2.4.2 Motor DC pada Sistem Kemudi..........ccccoevvvieeriveieiienreiennn, 27
2.4.3 Data Tegangan dan Arus Motor DC dalam Sistem Kemudi ...28

BAB 1l METODE PENELITIAN .....ooiiiiiiiiee e 29
3.1 Desain Penelitian..........ccccoviiieiiiiiieieesesee s 29
3.1.1 Identifikasi Masalah dan Motivasi (Problem Identification and
IMOTIVALION) ...t 30
3.1.2 Definisi Tujuan dan Solusi (Define the Objectives for a
0] (1111070 USSR 31
3.1.3 Desain dan Pengembangan (Design and Development) ......... 31
3.1.4 Demonstrasi (Demonstration) ...........cccccevevereneneseneseeinennns 31
3.1.5 Evaluasi (Evaluation)..........cccccceieeriiiieiieie e 32
3.1.6  Komunikasi (CommMuUNICation) ..........ccocvevverenereneniesesieiene 32
3.2 AISITEKIUN SISEEM ...t 32
3.3 Perancangan Model Prediksi..........c.ccocovviviiiieiiiicsecce e, 34
34 SUMDET DALA........civiiieiiieiieieiee e 37
3.4.1 Pengumpulan Data........cccooereriiinininieieee e 37
3.4.2 Penyimpanan Data ............ccccceevveieeieiic e 41
3.5 InStrumen Penelitian ..........ccooeveiiinieiii e 41
3.5.1 Metrik EValUasi........cccceieiiiiiiciiieneeeee e 41
3.5.2 Alatdan Bahan.........ccccoiiiiiiiiiiiccc e 43
BAB IV HASIL DAN PEMBAHASAN ......ooiiieee e 45
4.1 HaSil PENEIITIAN ...c.oiiiiiciccc s 45
4.1.1 Hasil Implementasi Perangkat Keras..........c.ccoovvvrinivnieninnnnnn 45
4.1.2 Hasil Pengumpulan Data...........ccceovrieiiiineniienescseeeeeees 48
4.1.3 Hasil pra-olah data..........ccccooviiiieiiiii e 49
4.1.4 Exploratory Data AnalysiS..........ccccevvveiiieiieeiie e 56
4.1.5 Hasil Model Prediksi Jenis Jalan ...........cccooeoniiiiiinencnnnn, 77
4.2  Analisis Hasil Model Prediksi Jenis Jalan ............c.ccccooiiniiiiicnen, 87



BAB V KESIMPULAN DAN SARAN ......ooiiiiiiiiiie et 90

5.1 KESIMPUIAN ..o 90
5.2 SAIAN ..ot 91
DAFTAR PUSTAKA .. 93
LAMPIRAN L.t 102

Xi



DAFTAR TABEL

Tabel 3. 1 Konfigurasi PiN SENSON..........ccuiirieieiieiesiesie st 41
Tabel 3. 2 CoNfUSION IMELIIX........oiiiiiieiie e 42
Tabel 3. 3 Perangkat keras yang digunakan dalam penelitian................cc.ccocveeee. 43
Tabel 3. 4 Perangkat lunak yang digunakan dalam penelitian ...............cc.ccocoeeeee. 43
Tabel 3. 5 Spesifikasi komputer yang digunakan dalam penelitian ...................... 44
Tabel 4. 1 Hasil Validasi SENSOT .........cccviieiieieiiesieee e 46
Tabel 4. 2 Data hasil konversi bag file ke CSV.........cccocviiniiiniiiieee 49
Tabel 4. 3 Data setelah dilakukan pembersihan pada data kemudi diam atau statis
............................................................................................................................... 50
Tabel 4. 4 Data setelah dilakukan ekstraksi fiur............ccoocoovininnnnniencise, 51
Tabel 4. 5 Data hasil ekstraksi fitur dan nilai dibulatkan .............cccccoeeviniiinnne. 51
Tabel 4. 6 Data Ssetelah diberi label berdasarkan jenis jalan...............c.ccccccuenee. 52
Tabel 4. 7 Data setelah diberi label berdasarkan arah pergerakan kemudi dan jenis
JAIAN o rs 53
Tabel 4. 8 Tipe data sebelum di Standarisasi ...........ccocvrveriveresiiesieneee e 54
Tabel 4. 9 Tipe data setelah dilakukan standarisasi ..............cccceveiveieiiiciecseennene, 54
Tabel 4. 10 Mapping label berdasarkan jenis jalan ............c.ccccooevveviiiciecieenenn, 55
Tabel 4. 11 Mapping label berdasarkan arah kemudi dan jenis jalan.................... 55
Tabel 4. 12 Data setelah dilakukan label encoding berdasarkan jenis jalan.......... 55
Tabel 4. 13 Data setelah dilakukan label encoding berdasarkan arah kemudi dan
JEINIS JAIAN ...t 56
Tabel 4. 14 Informasi Struktur Dataset yang digunakan dalam Penelitian........... 58
Tabel 4. 15 Perbandingan Kinerja Hasil Pelatihan Model SVM dengan metode
TrAIN-TEST SPIIT ... 78
Tabel 4. 16 Perbandingan Kinerja Hasil Pelatihan Model SVM dengan metode K-
FOId Cross Validation ............cceiviiieiieieie e 79
Tabel 4. 17 Perbandingan Kinerja Hasil Pelatihan Model KNN................cccce.. 80
Tabel 4. 18 Perbandingan Kinerja Hasil Pelatihan Model GBDT dengan metode
TrAIN-TEST SPIIT ..o 81
Tabel 4. 19 Perbandingan Kinerja Hasil Pelatihan Model GBDT dengan metode
K-Fold Cross Validation............cccoiiiiiiiieiieiccie e 82
Tabel 4. 20 Perbandingan Kinerja Hasil VValidasi Model SVM dengan Confusion
A= g D GO UP PSPPSR 83
Tabel 4. 21 Perbandingan Kinerja Hasil VValidasi Model KNN dengan Confusion
A= g D GO UP PSPPSR 85
Tabel 4. 22 Perbandingan Kinerja Hasil VValidasi Model GBDT dengan Confusion
IVTBEFIX 1.ttt bbb 86

xii



Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 2.
Gambar 3.
Gambar 3.
Gambar 3.
Gambar 3.

Gambar 3.
Gambar 3.
Gambar 3.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.
Gambar 4.

DAFTAR GAMBAR

1 Alur Proses Membangun Model Machine Learning............cc.cccee.. 11
2 Allur Proses dari Metode Supervised Learning..........cccoccevvevvesveennenn, 15
3 Proses Kerja Algoritma KNN ... 21
4 Motor Listrik Secara UmuUm ... 24
SIMOLON DC..... e 27
1 Flowchart DSRM pada Penelitian............cccccecviveivevieiciieie e 29
2 Arsitektur Sistem Prediksi Jenis Jalan..........ccccovevviiiiienenie e, 33
3 Flowchart Perancangan Model Prediksi Jenis Jalan ......................... 34
4 Flowchart pengumpulan data dengan sensor dari motor DC kemudi
............................................................................................................... 37
5 Skenario pergerakan kemudi untuk pengambilan data..................... 38
6 Jenis permukaan jalan yang digunakan dalam penelitian.................. 39
7 Perancangan Wiring Diagram Sistem Prediksi Jenis Jalan ............... 40
1 Implementasi perangkat Keras ...........cccccveveieeiesveseeseee e seeiee s 46
2 Dataset 1 - Distribusi voltage_avg epoxy vs beton...........cccceeeenenee, 58
3 Dataset 1 - Distribusi current_avg epoxy vs beton ...........c.ccccveeneen. 59
4 Dataset 1 - Distribusi voltage_std epoxy vs beton..........c.cccceevenene. 60
5 Dataset 1 - Distribusi current_std epoxy vs beton ...........ccccccceveeneen. 61
6 Dataset 1 - Distribusi voltage_max epoxy vs beton...........c.cccceenenee. 61
7 Dataset 1 - Distribusi current_max epoxy vs beton .............ccccee...... 63
8 Dataset 1 - Distribusi voltage_min epoxy vs beton .............ccccceeuenee. 64
9 Dataset 1 - Distribusi current_min epoxy vs beton...........ccccceeeenenee, 65
10 Dataset 1 - Distribusi n_data epoxy vs beton.............ccccceevvevvenenne 65
11 Dataset 2 - Distribusi voltage _avg epoxy vs beton..............cc.c....... 66
12 Dataset 2 - Distribusi current_avg epoxy vs beton ............cccccecuenee. 67
13 Dataset 2 - Distribusi voltage std epoxy vs beton...............cc......... 69
14 Dataset 2 - Distribusi current_std epoxy vs beton ...........cccceevneen. 70
15 Dataset 2 - Distribusi voltage_max epoxy vs beton..............cc........ 71
16 Dataset 2 - Distribusi current_max epoxy vs beton ...........cccceceenee. 72
17 Dataset 2 - Distribusi voltage_min epoxy vs beton ..........c...cccve.. 74
18 Dataset 2 - Distribusi current_min epoxy vs beton.............c.ccccue.... 74
19 Dataset 2 - Distribusi n_data epoxy vs beton...........cccccevevvveiieennnen, 76

Xiii



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

93

DAFTAR PUSTAKA

R. Bibi et al., “Edge Al-Based Automated Detection and Classification of
Road Anomalies in VANET Using Deep Learning,” Comput. Intell.
Neurosci., vol. 2021, 2021, doi: 10.1155/2021/6262194.

P. Tomito, “Classification of the Condition of Pavement with the Use of
Machine Learning Methods,” Transp. Telecommun., vol. 24, no. 2, pp. 158—
166, 2023, doi: 10.2478/ttj-2023-0014.

E. Raslan, M. F. Alrahmawy, Y. A. Mohammed, and A. S. Tolba,
“Evaluation of data representation techniques for vibration based road
surface condition classification,” Sci. Rep., vol. 14, no. 1, pp. 1-20, 2024,
doi: 10.1038/s41598-024-61757-1.

J. Wang, Q. Meng, P. Shang, and M. Saada, “Road surface real-time
detection based on Raspberry Pi and recurrent neural networks,” Trans. Inst.
Meas. Control, vol. 43, no. 11, pp. 2540-2550, 2021, doi:
10.1177/01423312211003372.

E. Sabanovi¢, V. Zuraulis, O. Prentkovskis, and V. Skrickij, “Identification
of road-surface type using deep neural networks for friction coefficient
estimation,” Sensors (Switzerland), vol. 20, no. 3, pp. 1-17, 2020, doi:
10.3390/5s20030612.

T. Rateke, K. A. Justen, and A. von Wangenheim, “Road surface
classification with images captured from low-cost camera-road traversing
knowledge (RTK) dataset,” Rev. Inform. Teor. e Apl., vol. 26, no. 3, pp. 50—
64, 2019, doi: 10.22456/2175-2745.91522.

Q. Zhou, Z. Liu, and Z. Huang, “Mapping Road Surface Type of Kenya
Using OpenStreetMap and High-resolution Google Satellite Imagery,” Sci.
Data, vol. 11, no. 1, pp. 1-9, 2024, doi: 10.1038/s41597-024-03158-7.

L. Cheng, X. Zhang, and J. Shen, “Road surface condition classification



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

94

using deep learning,” J. Vis. Commun. Image Represent., vol. 64, pp. 1-7,
2019, doi: 10.1016/j.jvcir.2019.102638.

R. S. Nurhalizah, R. Ardianto, and P. Purwono, “Analisis Supervised dan
Unsupervised Learning pada Machine Learning: Systematic Literature
Review,” J. llmu Komput. dan Inform., vol. 4, no. 1, pp. 61-72, 2024, doi:
10.54082/jiki.168.

J. Moon and W. Park, “Using Support Vector Machines to Classify Road
Surface Conditions to Promote Safe Driving,” Sensors, vol. 24, no. 13, pp.
1-17, 2024, doi: 10.3390/s24134307.

S. Marianingsih and F. Utaminingrum, “Comparison of Support Vector
Machine Classifier and Naive Bayes Classifier on Road Surface Type
Classification,” 3rd Int. Conf. Sustain. Inf. Eng. Technol. SIET 2018 - Proc.,
pp. 48-53, 2018, doi: 10.1109/SIET.2018.8693113.

S. Marianingsih, W. Widodo, M. S. S. Pieter, E. V. Manullang, and H. Y.
Nanlohy, “Machine Vision for the Various Road Surface Type Classification
Based on Texture Feature,” J. Mech. Eng. Sci. Technol., vol. 6, no. 1, pp. 40—
47,2022, doi: 10.17977/um016v6i12022p040.

Y. Huang et al., “MFE-SSNet: Multi-Modal Fusion-Based End-to-End
Steering Angle and Vehicle Speed Prediction Network,” Automot. Innov.,
no. 0123456789, 2024, doi: 10.1007/s42154-024-00296-X.

E. Alfianto, S. Agustini, S. Muharom, F. Rusydi, and I. Puspitasari, “Design

Monitoring Electrical Power Consumtion at Computer Cluster,” J. Phys.

Conf. Ser., vol. 1445, no. 1, 2020, doi: 10.1088/1742-6596/1445/1/012027.

A. Dengeleme, T. Sahip, A. K. U. Yénetim, and Si. Tasarimi, “Design Of A
Battery Management System With Active Balancing Topology,” Akdeniz
Muhendislik Derg. Akdeniz J. Eng., vol. 2, no. 1, pp. 35-48, 2024.

A. Gagliardi, V. Staderini, and S. Saponara, “An Embedded System for
Acoustic Data Processing and Al-Based Real-Time Classification for Road



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

95

Surface Analysis,” IEEE Access, vol. 10, pp. 63073-63084, 2022, doi:
10.1109/ACCESS.2022.3183116.

F. Abbondati, S. A. Biancardo, R. Veropalumbo, and G. Dell’Acqua,
“Surface monitoring of road pavements using mobile crowdsensing
technology,” Meas. J. Int. Meas. Confed., vol. 171, no. November 2020,
2021, doi: 10.1016/j.measurement.2020.108763.

N. Hnoohom, S. Mekruksavanich, and A. Jitpattanakul, “A Comprehensive
Evaluation of State-of-the-Art Deep Learning Models for Road Surface Type
Classification,” Intell. Autom. Soft Comput., vol. 37, no. 2, pp. 1275-1291,
2023, doi: 10.32604/iasc.2023.038584.

F. G. Pratico, R. Fedele, V. Naumov, and T. Sauer, “Detection and
monitoring of bottom-up cracks in road pavement using a machine-learning
approach,” Algorithms, wvol. 13, no. 4, pp. 1-16, 2020, doi:
10.3390/a13040081.

C. Wu et al., “An automated machine-learning approach for road pothole
detection using smartphone sensor data,” Sensors (Switzerland), vol. 20, no.
19, pp. 1-23, 2020, doi: 10.3390/s20195564.

M. M. Taye, “Understanding of Machine Learning with Deep Learning :
Architectures, Workflow, Applications and Future Directions,” Comput.
MDPI, vol. 12, no. 91, pp. 1-26, 2023.

L. Venica, Nurhikam, M. Ayyas, and M. R. Wahid, Menjelajahi Dunia
Machine Learning. 2024.

Wijoyo A, Saputra A, Ristanti S, Sya’ban S, Amalia M, and Febriansyah R,
“Pembelajaran Machine Learning,” OKTAL (Jurnal llmu Komput. dan Sci.,
vol. 3, no. 2, pp. 375-380, 2024, [Online]. Available:
https://journal.mediapublikasi.id/index.php/oktal/article/view/2305

V. N. G. Raju, K. P. Lakshmi, V. M. Jain, A. Kalidindi, and V. Padma,
“Study the Influence of Normalization/Transformation process on the



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

96

Accuracy of Supervised Classification,” Proc. 3rd Int. Conf. Smart Syst.
Inven. Technol. ICSSIT 2020, no. Icssit, pp. 729-735, 2020, doi:
10.1109/1CSSIT48917.2020.9214160.

F. A. Bohani, A. Suliman, M. Saripuddin, S. S. Sameon, N. S. Md Salleh,
and S. Nazeri, “A Comprehensive Analysis of Supervised Learning
Techniques for Electricity Theft Detection,” J. Electr. Comput. Eng., vol.
2021, 2021, doi: 10.1155/2021/9136206.

S. Mohamed, R. Ashraf, A. Ghanem, M. Sakr, and R. Mohamed,
“Supervised Machine Learning Techniques : A Comparison,”

ResearchGate, no. September, pp. 2-6, 2022.

M. T. Almuagati, F. Sidi, S. N. M. Rum, M. Zolkepli, and I. Ishak,
“Challenges in Supervised and Unsupervised Learning: A Comprehensive
Overview,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 14, no. 4, pp. 1449-1455,
2024, doi: 10.18517/ijaseit.14.4.20191.

A. Heuillet, F. Couthouis, and N. Diaz-Rodriguez, “Explainability in deep
reinforcement learning,” Knowledge-Based Syst., vol. 214, p. 106685, 2021,
doi: 10.1016/j.knosys.2020.106685.

B. Mahesh, “Machine Learning Algorithms - A Review,” Int. J. Sci. Res.,
vol. 9, no. 1, pp. 381-386, 2020, doi: 10.21275/art20203995.

R. Febrian, E. Setiawan, and B. H. Prasetio, “Simulasi Metode Dueling
Double Deep Q-Learning pada Unmanned Aerial Vehicle untuk
Menghindari Halangan,” J. Pengemb. Teknol. Inf. dan llmu Komput., vol. 6,
no. 3, pp. 1499-1506, 2022, [Online]. Available: http://j-ptiik.ub.ac.id

D. K. Dewangan and S. P. Sahu, “RCNet: road classification convolutional
neural networks for intelligent vehicle system,” Intell. Serv. Robot., vol. 14,
no. 2, pp. 199-214, 2021, doi: 10.1007/s11370-020-00343-6.

Z. Wang, S. Wang, L. Yan, and Y. Yuan, “Road Surface State Recognition
Based on Semantic Segmentation,” J. Highw. Transp. Res. Dev. (English


http://j-ptiik.ub.ac.id/

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

97

Ed., vol. 15, no. 2, pp. 88-94, 2021, doi: 10.1061/jhtrcg.0000779.

V. Nasteski, “An overview of the supervised machine learning methods,”
Horizons.B, wvol. 4, no. 03, pp. 51-62, 2017, doi:
10.20544/horizons.b.04.1.17.p05.

S. Dridi, “Supervised Learning - A Systematic Literature Review,” a Prepr.,
pp. 1-18, 2021.

S. M. Ngong, F. M. Guy-de-patience, M. Gonza, and N. Ngasop, “A machine
learning based model for classifying incipient faults and degree in power
transformer windings using voltage current diagram technique,” Meas.
Energy, vol. 7, no. June, pp. 1-13, 2025, doi:
10.1016/j.meaene.2025.100056.

P. E. da Costa Filho et al., “Machine-Learning-Based Classification of
Electronic Devices Using an IoT Smart Meter,” Informatics, vol. 12, no. 2,
pp. 1-26, 2025, doi: 10.3390/informatics12020048.

S. M. Malakouti, A. R. Ghiasi, and A. A. Ghavifekr, “AER02022-flying
danger reduction for quadcopters by using machine learning to estimate
current, voltage, and flight area,” e-Prime - Adv. Electr. Eng. Electron.
Energy, vol. 2, no. April, p. 100084, 2022, doi:
10.1016/j.prime.2022.100084.

A. F. Amiri, H. Oudira, A. Chouder, and S. Kichou, “Faults detection and
diagnosis of PV systems based on machine learning approach using random
forest classifier,” Energy Convers. Manag., vol. 301, pp. 1-15, 2024, doi:
10.1016/j.enconman.2024.118076.

M. Bajic, S. M. Pour, A. Skar, M. Pettinari, E. Levenberg, and T. S. Alstrgm,
“Road Roughness Estimation Using Machine Learning,” no. July, 2021, doi:
10.48550/arXiv.2107.01199.

A. Martinelli et al., “Road Surface Anomaly Assessment Using Low-Cost
Accelerometers: A Machine Learning Approach,” Sensors, vol. 22, no. 10,



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

98

pp. 1-17, 2022, doi: 10.3390/s22103788.

M. Furgan, R. Kurniawan, and K. I. HP, “Evaluasi Performa Support VVector
Machine Classifier Terhadap Penyakit Mental,” J. Sist. Inf. Bisnis, vol. 10,
no. 2, pp. 203-210, 2020, doi: 10.21456/vol10iss2pp203-210.

F. Abdusyukur, “Penerapan Algoritma Support Vector Machine (Svm)
Untuk Klasifikasi Pencemaran Nama Baik Di Media Sosial Twitter,”
KOMPUTA J. IIm. Komput. dan Inform., vol. 12, no. 1, pp. 73-82, 2023,
doi: 10.1007/s11370-020-00343-6.

J. Cervantes, F. Garcia-Lamont, L. Rodriguez-Mazahua, and A. Lopez, “A
comprehensive survey on support vector machine classification:
Applications, challenges and trends,” Neurocomputing, vol. 408, no. XxxXx,
pp. 189-215, 2020, doi: 10.1016/j.neucom.2019.10.118.

L. Mohan, J. Pant, P. Suyal, and A. Kumar, “Support Vector Machine
Accuracy Improvement with Classification,” Proc. - 2020 12th Int. Conf.
Comput. Intell. Commun. Networks, CICN 2020, pp. 477-481, 2020, doi:
10.1109/CICN49253.2020.9242572.

L. R. Safitri, N. Chamidah, T. Saifudin, and G. T. Alpandi, “Comparison of
Kernel Support Vector Machine In Stroke Risk Classification (Case Study:
IFLS data),” Proc. Int. Conf. Data Sci. Off. Stat., vol. 2023, no. 1, pp. 309—
316, 2023.

A. R. Lubis, M. Lubis, and Al-Khowarizmi, “Optimization of distance
formula in k-nearest neighbor method,” Bull. Electr. Eng. Informatics, vol.
9, no. 1, pp. 326-338, 2020, doi: 10.11591/eei.v9i1.1464.

A. R. Isnain, J. Supriyanto, and M. P. Kharisma, “Implementation of K-
Nearest Neighbor (K-NN) Algorithm For Public Sentiment Analysis of
Online Learning,” IJCCS (Indonesian J. Comput. Cybern. Syst., vol. 15, no.
2, p. 121, 2021, doi: 10.22146/ijccs.65176.

R. K. Halder, M. N. Uddin, M. A. Uddin, S. Aryal, and A. Khraisat,



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

99

“Enhancing K-nearest neighbor algorithm: a comprehensive review and
performance analysis of modifications,” J. Big Data, vol. 11, no. 1, 2024,
doi: 10.1186/s40537-024-00973-y.

H. Abbad Ur Rehman, C. Y. Lin, and Z. Mushtaq, “Effective K-Nearest
Neighbor Algorithms Performance Analysis of Thyroid Disease,” J. Chinese
Inst. Eng. Trans. Chinese Inst. Eng. A, vol. 44, no. 1, pp. 77-87, 2021, doi:
10.1080/02533839.2020.1831967.

M. Suyal and P. Goyal, “A Review on Analysis of K-Nearest Neighbor
Classification Machine Learning Algorithms based on Supervised
Learning,” Int. J. Eng. Trends Technol., vol. 70, no. 7, pp. 43-48, 2022, doi:
10.14445/22315381/1JETT-V7017P205.

E. Y. Boateng, J. Otoo, and D. A. Abaye, “Basic Tenets of Classification
Algorithms K-Nearest-Neighbor, Support Vector Machine, Random Forest
and Neural Network: A Review,” J. Data Anal. Inf. Process., vol. 08, no. 04,
pp. 341-357, 2020, doi: 10.4236/jdaip.2020.84020.

Z. Zhang, T. Zhang, and J. Li, “Unbiased Gradient Boosting Decision Tree
with Unbiased Feature Importance,” IJCAI Int. Jt. Conf. Artif. Intell., pp.
46294637, 2023, doi: 10.24963/ijcai.2023/515.

D. T. Murdiansyah, “Prediksi Stroke Menggunakan Extreme Gradient
Boosting,” JIKO (Jurnal Inform. dan Komputer), vol. 8, no. 2, p. 419, 2024,
doi: 10.26798/jiko.v8i2.1295.

M. J. Jun, “A comparison of a gradient boosting decision tree, random
forests, and artificial neural networks to model urban land use changes: the
case of the Seoul metropolitan area,” Int. J. Geogr. Inf. Sci., vol. 35, no. 11,
pp. 2149-2167, 2021, doi: 10.1080/13658816.2021.1887490.

V. J. Manohar, Advantages and Disadvantages of Brushless Dc Motor, no.
March. 2023.

I. M. Parsa, “Motor-Motor Listrik,” no. April, pp. 1-6, 2018.



[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

100

B. Arifin, A. A. Nugroho, E. N. Budisusila, and M. Khosyi’in, “System
Identification and Control Strategy on Electric Power Steering DC Motor,”
J. Robot. Control, vol. 5 no. 3, pp. 655-666, 2024, doi:
10.18196/jrc.v5i3.21614.

A. Turan, “Improved PID Control Design for Electric Power Steering DC
Motor,” IEEE Access, vol. 13, no. November 2024, pp. 6080-6088, 2025,
doi: 10.1109/ACCESS.2024.3524303.

Muhammad Hilal Mthboob, H. ALRikabi, and I. A. Aljazaery, “A concepts
and techniques related to the DC motor speed control system design:
Systematic Review,” Wasit J. Comput. Math. Sci., vol. 2, no. 1, pp. 59-73,
2023, doi: 10.31185/wjcm.121.

N. Ebrahimi and A. Jafari, “Energy and force optimization of a network of
novel electromagnetic soft actuators,” Energies, vol. 13, no. 14, pp. 1-14,
2020, doi: 10.3390/en13143572.

H. Yang, S. Ademi, J. Paredes, and R. A. McMahon, “Comparative study of
motor topologies for electric power steering system,” Proc. - 2021 IEEE
Work. Electr. Mach. Des. Control Diagnosis, WEMDCD 2021, pp. 40-45,
2021, doi: 10.1109/WEMDCD51469.2021.9425673.

A. Rustamana et al., “Penelitian dan Pengembangan (Research &
Development) dalam Pendidikan,” J. Bima Pus. Publ. llmu Pendidik. Bhs.
dan Sastra, vol. 2, no. 3, pp. 60-69, 2024, [Online]. Available:
https://doi.org/10.61132/bima.v2i3.1014

Meilinda and R. V. Imbar, “Perancangan Model Referral dengan Pendekatan
Design Science Research Methodology,” J. Tek. Inform. dan Sist. Inf., vol.
10, pp. 430438, 2024.

A. Bhardwaj, D. Slavin, J. Walsh, J. Freudenberg, and R. B. Gillespie, “Rack
force estimation for driving on uneven road surfaces,” IFAC-PapersOnLine,
vol. 53, no. 2, pp. 14426-14431, 2020, doi: 10.1016/j.ifacol.2020.12.1441.



101

[65] P. Pramod and S. Member, “Control Performance Analysis of Power
Steering System Electromechanical Dynamics-steer by wire-ball screw-

sensorless,” Tech. Pap., pp. 1-7, 2023.



