Estimasi Heart-Rate Secara Real-Time Menggunakan Embedded System
Bellatrix Gracia Antameng, Enas Dhuhri Kusuma, S.T., M.Eng.; Ir. Addin Suwastono, S.T., M.Eng., IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADJAH MADA DAFTAR PUSTAKA

[1] L. Lukashenko, The Basics of Electrocardiography. Zaporizhzhia, Ukraine:
Ministry of Health of Ukraine, Zaporizhzhia State Medical University, 2022.

[2] A. V. Oppenheim and R. W. Schafer, Discrete-Time Signal Processing, 3rd ed.
Harlow, Essex, England: Pearson Education Limited, 2014.

[3] J. G. Betts, K. A. Young, J. A. Wise, E. Johnson, B. Poe, D. H.
Kruse, O. Korol, J. E. Johnson, M. Womble, and P. DeSaix, Introduction,
2nd ed. Houston, Texas: OpenStax, ch. 19. [Online]. Available: https:
/lopenstax.org/books/anatomy-and-physiology-2e/pages/19-introduction

[4] M. Hammad, A. Maher, K. Wang, F. Jiang, and M. Amrani, “Detection of
abnormal heart conditions based on characteristics of ecg signals,” Measurement,
vol. 125, pp. 634-644, 2018. [Online]. Available: https://www.sciencedirect.com/
science/article/pii/S0263224118304147

[5] H. Chen and S. Chen, “A moving average based filtering system with its application
to real-time qrs detection,” Tech. Rep., 2003.

[6] W. H. Organization, “Cardiovascular diseases (cvds),” https://www.who.int/
health-topics/cardiovascular-diseases#tab=tab_1, diakses pada: 20 Februari 2025,
2021.

[7] M. dr. Siti Nadia Tarmizi, “Kenali gejala jantung sejak dini,” https://www.who.int/
health-topics/cardiovascular-diseases#tab=tab_1, diakses pada: 20 Februari 2025,
p- 1,92024.

[8] Q. Zhu, X. Tian, C.-W. Wong, and M. Wu, “Learning your heart actions from
pulse: Ecg waveform reconstruction from ppg,” 10 2019. [Online]. Available:
http://biorxiv.org/lookup/doi/10.1101/815258

[9] M. Maagaard, F. Eckerstrom, and V. E. Hjortdal, “Cardiac arrhythmias and impaired
heart rate variability in older patients with ventricular septal defects,” Journal of
the American Heart Association, vol. 10, no. 17, p. €020672, 2021. [Online].
Available: https://www.ahajournals.org/doi/abs/10.1161/JAHA.120.020672

[10] V. N. Agbor, Y. Chen, R. Clarke, Y. Guo, P. Pei, J. Lv, C. Yu, L. Li, Z. Chen, and
D. Bennett, “Resting heart rate and risk of left and right heart failure in 0.5 million
chinese adults,” Open Heart, vol. 9, no. €001963, 2022. [Online]. Available:
https://openheart.bmj.com/content/9/1/e001963

[11] P. H. Charlton, J. Allen, R. Bailon, S. Baker, J. A. Behar, F. Chen, G. D.
Clifford, D. A. Clifton, H. J. Davies, C. Ding, X. Ding, J. Dunn, M. Elgendi,
M. Ferdoushi, D. Franklin, E. Gil, M. F. Hassan, J. Hernesniemi, X. Hu,
N. Ji, and T. Zhu, “The 2023 wearable photoplethysmography roadmap,’
Physiological Measurement, vol. 44, no. 11, p. 111001, 2023. [Online]. Available:
https://doi.org/10.1088/1361-6579/acead?2

109



Estimasi Heart-Rate Secara Real-Time Menggunakan Embedded System
Bellatrix Gracia Antameng, Enas Dhuhri Kusuma, S.T., M.Eng.; Ir. Addin Suwastono, S.T., M.Ehp( IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CGADJAHIYBPA - Saclova, A. Nemcova, R. Smisek, L. Smital, M. Vitek, and M. Ronzhina,

“Reliable p wave detection in pathological ecg signals,” Scientific Reports, vol. 12,
12 2022.

[13] Y. Ansari, O. Mourad, K. Qarage, and E. Serpedin, “Deep learning for ecg
arrhythmia detection and classification: an overview of progress for period
2017-2023,” 2023.

[14] A. Galli, R. J. Montree, S. Que, E. Peri, and R. Vullings, “An overview of the
sensors for heart rate monitoring used in extramural applications,” 6 2022.

[15] R. Obeidat and Y. Alqudah, “An embedded system based on raspberry pi for
effective electrocardiogram monitoring,” Applied Sciences, vol. 13, no. 14, p. 8273,
2023. [Online]. Available: https://www.mdpi.com/2076-3417/13/14/8273

[16] H. Qiu, H. Qin, J. Liu, L. Zhou, L. Chang, and J. Zhou, “Embedded low power
heart rate estimation processor for flexible applications,” in 4¢th IEEE International
Flexible Electronics Technology Conference, IFETC 2022 - Proceeding. Institute
of Electrical and Electronics Engineers Inc., 2022.

[171 J. Kim, E. Kim, Y. Kyung, and H. Ko, “A study on ecg monitoring
embedded systems,” in 2022 13th International Conference on Information and
Communication Technology Convergence (ICTC). 1EEE, 2022, pp. 1671-1673.

[18] M. H. Setiawan, N. A. Sari, W. L. Prasetya, M. R. Feter, D. Saputra, and A. Ma’arif,
“Implementation of heart rate system using ad8232 and arduino microcontrollers,”
Signal and Image Processing Letters, vol. 2, no. 1, pp. 36—44, 2020.

[19] D. Gond, O. Dua, S. Raj, and S. Saxena, “A statistical comparison of fir kaiser
window and iir butterworth filters in ecg signal pre-processing,” vol. 11, pp. 654—
659, 04 2024.

[20] H. Deepak and T. Vijayakumar, “Comparative study of ecg filtering methods,”
in Proceedings of AICTE Sponsored 1st International E-Conference On "Recent
Trends Development in Information and Communication Engineering” (ICRTDIC-

2020), 2020, pp. 177-182.

[21] N. Das and M. Chakraborty, ‘“Performance analysis of fir and iir filters for ecg signal
denoising based on snr,” in 2017 Third International Conference on Research in
Computational Intelligence and Communication Networks (ICRCICN), 2017, pp.
90-97.

[22] S. Basu and S. Mamud, “Comparative study on the effect of order and cut off
frequency of butterworth low pass filter for removal of noise in ecg signal,” in 2020
IEEE International Conference for Convergence in Engineering (ICCIE). 1EEE,
2020, pp. 156-160.

[23] S. Saxena, R. Jais, and M. K. Hota, “Removal of powerline interference from ecg
signal using fir, iir, dwt and nlms adaptive filter,” in 2019 International Conference
on Communication and Signal Processing (ICCSP). 1EEE, 2019, pp. 0013-0017.



Estimasi Heart-Rate Secara Real-Time Menggunakan Embedded System
Bellatrix Gracia Antameng, Enas Dhuhri Kusuma, S.T., M.Eng.; Ir. Addin Suwastono, S.T., M.Ehg], IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADAHMAPAR. Shi, “A review of noise removal techniques in ecg signals,” in 2022 IEEE

Conference on Telecommunications, Optics and Computer Science (TOCS), 2022,
pp- 237-240.

[25] M. R. Yazid, A. N. Jaafar, R. Abdullah, N. N. S. N. Dzulkefli, and S. Omar,
“Real-time heart rate monitoring using arduino and pulse sensor,” in 2024 IEEE

International Conference on Automatic Control and Intelligent Systems (I2CACIS).
IEEE, 2024, pp. 368-372.

[26] T. Anbalagan, M. K. Nath, D. Vijayalakshmi, and A. Anbalagan, “Analysis
of various techniques for ecg signal in healthcare, past, present, and future,”’
Biomedical Engineering Advances, vol. 6, p. 100089, 2023.

[27] D. Dobrev, T. Neycheva, V. Krasteva, and I. Jekova, “Design of high-pass
and low-pass active inverse filters to compensate for distortions in rc-filtered

electrocardiograms,” Technologies, vol. 13, no. 4, 2025. [Online]. Available:
https://www.mdpi.com/2227-7080/13/4/159

[28] A. Zepeda-Echavarria, R. R. van de Leur, M. van Sleuwen, R. J. Hassink, T. X.
Wildbergh, P. A. Doevendans, J. Jaspers, and R. van Es, “Electrocardiogram devices

for home use: Technological and clinical scoping review,” JMIR Cardio, vol. 7, p.
e44003, 2023.

[29] Y. Jia, H. Pei, J. Liang, Y. Zhou, Y. Yang, Y. Cui, and M. Xiang, “Preprocessing
and denoising techniques for electrocardiography and magnetocardiography:
A review,” Bioengineering, vol. 11, no. 11, 2024. [Online]. Available:
https://www.mdpi.com/2306-5354/11/11/1109

[30] D. Chicco, A.-I. Karaiskou, and M. D. Vos, “Ten quick tips for electrocardiogram
(ecg) signal processing,” PeerJ Computer Science, vol. 10, p. €2295, 2024.

[31] H. Li, G. Ditzler, J. Roveda, and A. Li, “Descod-ecg: Deep score-based diffusion
model for ecg baseline wander and noise removal,” IEEE Journal of Biomedical
and Health Informatics, vol. 28, no. 9, p. 5081-5091, Sep. 2024. [Online].
Available: http://dx.doi.org/10.1109/JBHI.2023.3237712

[32] R. H. Anderson, S. Y. Ho, and D. Sanchez-Quintana, “The clinical anatomy of the
atrioventricular conduction axis,” Europace, vol. 25, no. 6, pp. 953-965, 2023.

[33] K. Kelemen, I. D. Greener, X. Wan, S. Parajuli, and J. K. Donahue,
“Heterogeneous repolarization creates ventricular tachycardia circuits in healed
myocardial infarction scar,” Nature Communications, vol. 13, no. 1, p. 830, 2022.
[Online]. Available: https://doi.org/10.1038/s41467-022-28418-1

[34] W. Soliman, E. Ahmed, E. Ansary, S. M. Hussein, and A. Khalifa, “The
electrocardiogram (ecg) made easy for orthoapedic surgeons,” Hong Kong Journal
of Orthopaedic Research, vol. 4, pp. 4651, 08 2021.

[35] M. A. Rahman, M. R. Robel, B. Patil, S. H. Saleem, S. S. Borkhatariya,
M. Bhaskaran, and S. Sriram, “Miniaturized 3-lead electrocardiogram system
based on einthoven triangle for wireless cardiac care monitoring,” Advanced
Intelligent Systems, vol. 6, no. 1, p. 2300659. [Online]. Available: https:
//advanced.onlinelibrary.wiley.com/doi/abs/10.1002/aisy.202300659



UNIVERSITAS

Estimasi Heart-Rate Secara Real-Time Menggunakan Embedded System
Bellatrix Gracia Antameng, Enas Dhuhri Kusuma, S.T., M.Eng.; Ir. Addin Suwastono, S.T., M.Ehg2 IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

CADJAHINEPAA . F. Ghifari and R. S. Perdana, “Minimum system design of the iot-based ecg

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

monitoring,” in 2020 International Conference on ICT for Smart Society (ICISS),
2020, pp. 1-6.

S. Lago, T. T. de Beukelaar, 1. Casetta, G. Arcara, and D. Mantini,
“Heart rate variability and autonomic dysfunction after stroke: Prognostic
markers for recovery,” Biomedicines, vol. 13, no. 7, 2025. [Online]. Available:
https://www.mdpi.com/2227-9059/13/7/1659

G. M. Marcus, “Evaluation and management of premature ventricular complexes,”
Circulation, vol. 141, no. 17, pp. 1404-1418, 2020. [Online]. Available:
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.119.042434

G. Hindricks, T. Potpara, N. Dagres, E. Arbelo, J. J. Bax, C. Blomstrom-Lundqvist,
G. Boriani, M. Castella, G.-A. Dan, P. E. Dilaveris, L. Fauchier, G. Filippatos,
J. M. Kalman, M. La Meir, D. A. Lane, J.-P. Lebeau, M. Lettino, G. Y. H. Lip,
F. J. Pinto, G. N. Thomas, M. Valgimigli, I. C. Van Gelder, B. P. Van Putte, and
C. L. Watkins, “2020 esc guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the european association for cardio-
thoracic surgery (eacts): The task force for the diagnosis and management of atrial
fibrillation of the european society of cardiology (esc) developed with the special
contribution of the european heart rhythm association (ehra) of the esc,” European
Heart Journal, vol. 42, no. 5, pp. 373-498, Feb 2021.

G. M. Marcus, “Evaluation and management of premature ventricular complexes,”
Circulation, vol. 141, no. 17, pp. 1404-1418, 2020. [Online]. Available:
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.119.042434

M. P. Soos and D. McComb, “Sinus arrhythmia,” in StatPearls. Treasure Island
(FL): StatPearls Publishing, nov 2022, updated 2022 Nov 25. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK537011/.

S. M. Kuo, B. H. Lee, and W. Tian, Real-Time Digital Signal Processing:
Implementations and Applications, 2nd ed. Chichester, West Sussex: John Wiley
& Sons, Ltd, 2006.

H. Rakshit and M. A. Ullah, “A comparative study on window functions for
designing efficient fir filter,” in 2014 9th International Forum on Strategic
Technology (IFOST), 2014, pp. 91-96.

F. Liu, S. Wei, Y. Li, X. Jiang, Z. Zhang, L. Zhang, and C. Liu, “The accuracy
on the common pan-tompkins based qrs detection methods through low-quality

electrocardiogram database,” Journal of Medical Imaging and Health Informatics,
vol. 7, pp. 1039-1043, 08 2017.

H. Jaya, Y. A. Djawad, Saharuddin, S. Suhaeb, and Idhar, Embedded System and
Robotics. Makassar: Fakultas Teknik, Universitas Negeri Makassar, 2017.

B. Milner, “real_time_qrs_detection: A real-time qrs detection algorithm for
the arduino platform,” https://github.com/blakeMilner/real_time_QRS_detection,
accessed 2024-12-08.



Estimasi Heart-Rate Secara Real-Time Menggunakan Embedded System
Bellatrix Gracia Antameng, Enas Dhuhri Kusuma, S.T., M.Eng.; Ir. Addin Suwastono, S.T., M.Enhp3 IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADAHNPACONTEC MEDICAL SYSTEMS CO., LTD, “Ms400 multiparameter simulator,”

https://www.contecmed.com/productinfo/603427.html, 2024, diakses pada: 3
November 2025.

[48] J. Uppal, J. R. Baker, R. Hira, K. Karalasingham, S. Ranada, P. Deol, R. S.
Sheldon, and S. R. Raj, “Physiological and clinical comparison of active stand and
head-up tilt tests in postural orthostatic tachycardia syndrome (pots),” Autonomic
Neuroscience, vol. 260, p. 103281, 2025.

[49] D. H. Lein Jr, M. Alotaibi, M. Almutairi, and H. Singh, “Normative reference
values and validity for the 30-second chair-stand test in healthy young adults,”
International Journal of Sports Physical Therapy, vol. 17, no. 5, p. 907, 2022.



