
 

 

45 

 

REFERENSI 
Air Compressor Theory—The Cool Science Behind Compressed Air. (n.d.). Retrieved May 25, 2024, 

from https://www.vmacair.com/blog/air-compressors-theory-operation 

Al-Dayyeni, W. S., Al-Yousif, S., Taher, M. M., Al-Faouri, A. W., Tahir, N. M., Jaber, M. M., 

Ghabban, F., Najm, I. A., Alfadli, I. M., Ameerbakhsh, O. Z., Mnati, M. J., Al-Shareefi, N. A., 

& Saleh, A. H. (2021). A Review on E-Nose: Coherent Taxonomy, Classification, Motivations, 

Challenges, Recommendations and Datasets. IEEE Access, 9, 88535–88551. 

https://doi.org/10.1109/ACCESS.2021.3090165 

Bahos, F. A., Sainz-Vidal, A., Sánchez-Pérez, C., Saniger, J. M., Gràcia, I., Saniger-Alba, M. M., & 

Matatagui, D. (2018). ZIF Nanocrystal-Based Surface Acoustic Wave (SAW) E-Nose to Detect 

Diabetes in Human Breath. Biosensors, 9(1), 4. https://doi.org/10.3390/bios9010004 

Barczak, R. J., Fisher, R. M., Wang, X., & Stuetz, R. M. (2018). Variations of odorous VOCs detected 

by different assessors via gas chromatography coupled with mass spectrometry and olfactory 

detection port (ODP) system. Water Science and Technology: A Journal of the International 

Association on Water Pollution Research, 77(3–4), 759–765. 

https://doi.org/10.2166/wst.2017.569 

Brenet, S., John-Herpin, A., Gallat, F.-X., Musnier, B., Buhot, A., Herrier, C., Rousselle, T., Livache, 

T., & Hou, Y. (2018). Highly-Selective OptoE-Nose Based on Surface Plasmon Resonance 

Imaging for Sensing Volatile Organic Compounds. Analytical Chemistry, 90(16), 9879–9887. 

https://doi.org/10.1021/acs.analchem.8b02036 

Çağlayan Serin, D., Pullukçu, H., Çiçek, C., Sipahi, O. R., Taşbakan, S., & Atalay, S. (2014). 

Bacterial and viral etiology in hospitalized community acquired pneumonia with molecular 

methods and clinical evaluation. The Journal of Infection in Developing Countries, 8(04), 510–

518. https://doi.org/10.3855/jidc.3560 

Casals, O., Markiewicz, N., Fabrega, C., Gràcia, I., Cané, C., Wasisto, H. S., Waag, A., & Prades, J. 

D. (2019a). A Parts Per Billion (ppb) Sensor for NO2 with Microwatt (μW) Power 

Requirements Based on Micro Light Plates. ACS Sensors, 4(4), 822–826. 

https://doi.org/10.1021/acssensors.9b00150 

Casals, O., Markiewicz, N., Fabrega, C., Gràcia, I., Cané, C., Wasisto, H. S., Waag, A., & Prades, J. 

D. (2019b). Micro Light Plates for Photoactivated Micro-Power Gas Sensors. The 8th GOSPEL 

Workshop. Gas Sensors Based on Semiconducting Metal Oxides: Basic Understanding & 

Application Fields, 8. https://doi.org/10.3390/proceedings2019014008 

Chen, X., & Mao, Y. (2007). Titanium Dioxide Nanomaterials: Synthesis, Properties, Modifications, 

and Applications. Chemical Reviews, 107, 2891–2959. https://doi.org/10.1021/cr0500535 

Daniel, T. T., Yadav, V. K. S., Abraham, E. E., & Paily, R. P. (2022). Carbon Monoxide Sensor Based 

on Printed ZnO. IEEE Sensors Journal, 22(11), 10910–10917. 

https://doi.org/10.1109/JSEN.2022.3166811 

Dey, A. (2018). Semiconductor metal oxide gas sensors: A review. Materials Science and 

Engineering: B, 229, 206–217. https://doi.org/10.1016/j.mseb.2017.12.036 

Diaz, M. H., Cross, K. E., Benitez, A. J., Hicks, L. A., Kutty, P., Bramley, A. M., Chappell, J. D., 

Hymas, W., Patel, A., Qi, C., Williams, D. J., Arnold, S. R., Ampofo, K., Self, W. H., Grijalva, 

C. G., Anderson, E. J., McCullers, J. A., Pavia, A. T., Wunderink, R. G., … Winchell, J. M. 

(2016). Identification of Bacterial and Viral Codetections With Mycoplasma pneumoniae Using 

the TaqMan Array Card in Patients Hospitalized With Community-Acquired Pneumonia. Open 

Forum Infectious Diseases, 3(2), ofw071. https://doi.org/10.1093/ofid/ofw071 

Dymerski, T. M., Chmiel, T. M., & Wardencki, W. (2011). Invited Review Article: An odor-sensing 

system—powerful technique for foodstuff studies. Review of Scientific Instruments, 82(11), 

111101. https://doi.org/10.1063/1.3660805 

OPTIMASI MACHINE LEARNING DAN SISTEM SAMPLING PADA E-NOSE UNTUK MENDETEKSI
PENYEBAB PNEUMONIA OLEH
BAKTERI ATAU VIRUS
sonny ilham wicaksono, Prof. Dr. Eng. Kuwat Triyana, M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

 

46 

 

Furizal, F., Ma’arif, A., Firdaus, A. A., & Rahmaniar, W. (2023). Future Potential of E-Nose 

Technology: A Review. International Journal of Robotics and Control Systems, 3(3), Article 3. 

https://doi.org/10.31763/ijrcs.v3i3.1091 

Gao, H., Liu, M., Zheng, L., Zhang, T., Chang, X., Liu, H., Zhou, S., Zhang, Z., Li, S., & Sun, J. 

(2023). Comparative Analysis of Key Odorants and Aroma Characteristics in Hot-Pressed 

Yellow Horn (Xanthoceras sorbifolia bunge) Seed Oil Via Gas Chromatography–Ion Mobility 

Spectrometry and Gas Chromatography–Olfactory-Mass Spectrometry. Foods, 12(17), 3174. 

https://doi.org/10.3390/foods12173174 

Gao, X., & Zhang, T. (2018). An overview: Facet-dependent metal oxide semiconductor gas sensors. 

Sensors and Actuators B: Chemical, 277. https://doi.org/10.1016/j.snb.2018.08.129 

Gil, B., Wales, D., Tan, H., & Yeatman, E. (2023). Detection of medically relevant volatile organic 

compounds with graphene field-effect transistors and separated by low-frequency spectral and 

time signatures. Nanoscale, 16(1), 61–71. https://doi.org/10.1039/d3nr04961b 

Goel, N., Kunal, K., Kushwaha, A., & Kumar, M. (2023). Metal oxide semiconductors for gas 

sensing. Engineering Reports, 5(6), e12604. https://doi.org/10.1002/eng2.12604 

Hagglund, M., Pena, F. J., Pashami, S., Al-Shishtawy, A., & Payberah, A. H. (2021). COCLUBERT: 

Clustering Machine learning  Source Code. 2021 20th IEEE International Conference on 

Machine learning  and Applications (ICMLA), 151–158. 

https://doi.org/10.1109/ICMLA52953.2021.00031 

Huang, H., Haghighat, F., & Blondeau, P. (2005). VOC adsorption on material: Influence of gas phase 

concentration, relative humidity and type of VOC. Indoor Air 2005, 2165–2169. 

https://hal.science/hal-00312476 

Indeks Kualitas Udara (AQI) SLEMAN Station dan Polusi Udara di Sleman | IQAir. (2024, May 25). 

https://www.iqair.com/id/indonesia/yogyakarta/sleman/sleman-station 

Ji, H., Zeng, W., & Li, Y. (2019a). Gas sensing mechanisms of metal oxide semiconductors: A focus 

review. Nanoscale, 11(47), 22664–22684. https://doi.org/10.1039/C9NR07699A 

Ji, H., Zeng, W., & Li, Y. (2019b). New insight into the gas-sensing properties of nanofiber-assembled 

and nanosheet-assembled hierarchical MoO3 structures. Physica E Low-Dimensional Systems 

and Nanostructures, 114, 113646. https://doi.org/10.1016/j.physe.2019.113646 

Ji, T., Liu, Z., Wang, G., Guo, X., Akbar khan, S., Lai, C., Chen, H., Huang, S., Xia, S., Chen, B., Jia, 

H., Chen, Y., & Zhou, Q. (2020). Detection of COVID-19: A review of the current literature and 

future perspectives. Biosensors & Bioelectronics, 166, 112455. 

https://doi.org/10.1016/j.bios.2020.112455 

Jordan, M. I., & Mitchell, T. M. (2015). Machine learning : Trends, perspectives, and prospects. 

Science, 349(6245), 255–260. https://doi.org/10.1126/science.aaa8415 

Julian, T., Hidayat, S. N., Rianjanu, A., Dharmawan, A. B., Wasisto, H. S., & Triyana, K. (2020). 

Intelligent Mobile E-Nose System Comprising a Hybrid Polymer-Functionalized Quartz Crystal 

Microbalance Sensor Array. ACS Omega, 5(45), 29492–29503. 

https://doi.org/10.1021/acsomega.0c04433 

Karakaya, D., Ulucan, O., & Turkan, M. (2020). E-Nose and Its Applications: A Survey. International 

Journal of Automation and Computing, 17(2), 179–209. https://doi.org/10.1007/s11633-019-

1212-9 

Kim, C., Kim, S.-J., Lee, Y., Nguyen, T. M., Lee, J.-M., Moon, J.-S., Han, D.-W., & Oh, J.-W. (2022). 

A phage- and colorimetric sensor-based artificial nose model for banana ripening analysis. 

Sensors and Actuators B: Chemical, 362, 131763. https://doi.org/10.1016/j.snb.2022.131763 

Kim, M., Alrowais, H., Kim, C., Yeon, P., Ghovanloo, M., & Brand, O. (2017). All-soft, battery-free, 

and wireless chemical sensing platform based on liquid metal for liquid- and gas-phase VOC 

detection. Lab on a Chip, 17(13), 2323–2329. https://doi.org/10.1039/C7LC00390K 

Kwak, D., Lei, Y., & Maric, R. (2019). Ammonia gas sensors: A comprehensive review. Talanta, 204, 

OPTIMASI MACHINE LEARNING DAN SISTEM SAMPLING PADA E-NOSE UNTUK MENDETEKSI
PENYEBAB PNEUMONIA OLEH
BAKTERI ATAU VIRUS
sonny ilham wicaksono, Prof. Dr. Eng. Kuwat Triyana, M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

 

47 

 

713–730. https://doi.org/10.1016/j.talanta.2019.06.034 

Le Roux, D. M., & Zar, H. J. (2017). Community-acquired pneumonia in children—A changing 

spectrum of disease. Pediatric Radiology, 47(11), 1392–1398. https://doi.org/10.1007/s00247-

017-3827-8 

Lee, K., Cho, I., & Park, I. (2023). E-Nose System Based on Ultra-Low Power Single Micro-LED Gas 

Sensor and Deep Learning. 2023 IEEE SENSORS, 1–4. 

https://doi.org/10.1109/SENSORS56945.2023.10324995 

Lee, S. H., Ruan, S.-Y., Pan, S.-C., Lee, T.-F., Chien, J.-Y., & Hsueh, P.-R. (2019). Performance of a 

multiplex PCR pneumonia panel for the identification of respiratory pathogens and the main 

determinants of resistance from the lower respiratory tract specimens of adult patients in 

intensive care units. Journal of Microbiology, Immunology and Infection, 52(6), 920–928. 

https://doi.org/10.1016/j.jmii.2019.10.009 

Li, Z., Askim, J. R., & Suslick, K. S. (2019). The OptoE-Nose: Colorimetric and Fluorometric Sensor 

Arrays. Chemical Reviews, 119(1), 231–292. https://doi.org/10.1021/acs.chemrev.8b00226 

Markiewicz, N., Casals, O., Fabrega, C., Gràcia, I., Cané, C., Wasisto, H. S., Waag, A., & Prades, J. 

D. (2019). Micro light plates for low-power photoactivated (gas) sensors. Applied Physics 

Letters, 114(5), 053508. https://doi.org/10.1063/1.5078497 

Maw, A. K. (2020). A hybrid E-Nose system based on metal oxide semiconductor gas sensors and 

compact paper-pased colorimteric sensors for volatile organic compounds classification. 

https://doi.org/10.58837/CHULA.THE.2020.158 

Mori, K. (Ed.). (2014). The Olfactory System: From Odor Molecules to Motivational Behaviors. 

Springer Japan. https://doi.org/10.1007/978-4-431-54376-3 

Nathan, A. M., Teh, C. S. J., Jabar, K. A., Teoh, B. T., Tangaperumal, A., Westerhout, C., Zaki, R., 

Eg, K. P., Thavagnanam, S., & De Bruyne, J. A. (2020). Bacterial pneumonia and its associated 

factors in children from a developing country: A prospective cohort study. PLOS ONE, 15(2), 

e0228056. https://doi.org/10.1371/journal.pone.0228056 

Nguyen, T. K. P., Tran, T. H., Roberts, C. L., Graham, S. M., & Marais, B. J. (2017). Child 

pneumonia – focus on the Western Pacific Region. Paediatric Respiratory Reviews, 21, 102–

110. https://doi.org/10.1016/j.prrv.2016.07.004 

Nurputra, D. K., Kusumaatmaja, A., Hakim, M. S., Hidayat, S. N., Julian, T., Sumanto, B., 

Mahendradhata, Y., Saktiawati, A. M. I., Wasisto, H. S., & Triyana, K. (2022). Fast and 

noninvasive E-Nose for sniffing out COVID-19 based on exhaled breath-print recognition. Npj 

Digital Medicine, 5(1), Article 1. https://doi.org/10.1038/s41746-022-00661-2 

Onodera, T., & Toko, K. (2014). Towards an Electronic Dog Nose: Surface Plasmon Resonance 

Immunosensor for Security and Safety. Sensors (Basel, Switzerland), 14(9), 16586–16616. 

https://doi.org/10.3390/s140916586 

Onwuchekwa, C., Edem, B., Williams, V., Olajuwon, I., Jallow, M., Sanyang, B., & Verdonck, K. 

(2022). Systematic review and meta-analysis on the etiology of bacterial pneumonia in children 

in sub-Saharan Africa. Journal of Public Health in Africa, 13(3). 

https://doi.org/10.4081/jphia.2022.2151 

Pahal, P., Rajasurya, V., & Sharma, S. (2023). Typical Bacterial Pneumonia. In StatPearls. StatPearls 

Publishing. http://www.ncbi.nlm.nih.gov/books/NBK534295/ 

Park, S. Y., Kim, Y., Kim, T., Eom, T. H., Kim, S. Y., & Jang, H. W. (2019). Chemoresistive 

materials for E-Nose: Progress, perspectives, and challenges. InfoMat, 1(3), 289–316. 

https://doi.org/10.1002/inf2.12029 

Pesesse, R., Stefanuto, P.-H., Bertrand, V., Gillet, M., Meuwis, M., Louis, E., Louis, R., & Focant, J. 

(2016, May 30). GC×GC-(HR)TOFMS in Cancer Research. 

https://www.semanticscholar.org/paper/GC%C3%97GC-(HR)TOFMS-in-Cancer-Research-

Pesesse-Stefanuto/39bced5339514d3b3cfd3e56b8e813484d431ae7 

OPTIMASI MACHINE LEARNING DAN SISTEM SAMPLING PADA E-NOSE UNTUK MENDETEKSI
PENYEBAB PNEUMONIA OLEH
BAKTERI ATAU VIRUS
sonny ilham wicaksono, Prof. Dr. Eng. Kuwat Triyana, M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

 

48 

 

Pneumonia in Children Statistics. (n.d.). UNICEF DATA. Retrieved February 28, 2024, from 

https://data.unicef.org/topic/child-health/pneumonia/ 

Rianjanu, A., Julian, T., Hidayat, S. N., Yulianto, N., Majid, N., Syamsu, I., Wasisto, H. S., & 

Triyana, K. (2020). Quartz crystal microbalance humidity sensors integrated with hydrophilic 

polyethyleneimine-grafted polyacrylonitrile nanofibers. Sensors and Actuators B: Chemical, 

319, 128286. https://doi.org/10.1016/j.snb.2020.128286 

Röck, F., Barsan, N., & Weimar, U. (2008). E-Nose: Current status and future trends. Chemical 

Reviews, 108(2), 705–725. https://doi.org/10.1021/cr068121q 

Roto, R., Rianjanu, A., Rahmawati, A., Fatyadi, I., Yulianto, N., Majid, N., Syamsu, I., Wasisto, H., & 

Triyana, K. (2020). Quartz Crystal Microbalances Functionalized with Citric Acid-Doped 

Polyvinyl Acetate Nanofibers for Ammonia Sensing. ACS Applied Nano Materials, 3, 5687–

5697. https://doi.org/10.1021/acsanm.0c00896 

Rudan, I. (2008). Epidemiology and etiology of childhood pneumonia. Bulletin of the World Health 

Organization, 86(5), 408–416. https://doi.org/10.2471/BLT.07.048769 

Sattar, S. B. A., & Sharma, S. (2023). Bacterial Pneumonia. In StatPearls. StatPearls Publishing. 

http://www.ncbi.nlm.nih.gov/books/NBK513321/ 

Shah, R. D., & Wunderink, R. G. (2017). Viral Pneumonia and Acute Respiratory Distress Syndrome. 

Clinics in Chest Medicine, 38(1), 113–125. https://doi.org/10.1016/j.ccm.2016.11.013 

Sola Martínez, R. A., Pastor Hernández, J. M., Yanes Torrado, Ó., Cánovas Díaz, M., de Diego 

Puente, T., & Vinaixa Crevillent, M. (2021). Exhaled volatile organic compounds analysis in 

clinical pediatrics: A systematic review. Pediatric Research, 89(6), 1352–1363. 

https://doi.org/10.1038/s41390-020-01116-8 

Strålin, K., Törnqvist, E., Kaltoft, M. S., Olcén, P., & Holmberg, H. (2006). Etiologic Diagnosis of 

Adult Bacterial Pneumonia by Culture and PCR Applied to Respiratory Tract Samples. Journal 

of Clinical Microbiology, 44(2), 643–645. https://doi.org/10.1128/JCM.44.2.643-645.2006 

Tang, W., Liu, H., Li, C., Zhang, Y., Sun, H., Peng, T., & Huo, J. (2019). Facile synthesis of LaNi1-

TixO3 nanoparticles and enhanced ethanol-sensing characteristics. Journal of Physics and 

Chemistry of Solids, 134. https://doi.org/10.1016/j.jpcs.2019.05.028 

Thaler, E. R., Lee, D. D., & Hanson, C. W. (2008). Diagnosis of rhinosinusitis with a colorimetric 

sensor array. Journal of Breath Research, 2(3), 037016. https://doi.org/10.1088/1752-

7155/2/3/037016 

The Basics of Ventilator Systems | Analog Devices. (n.d.). Retrieved May 25, 2024, from 

https://www.analog.com/en/resources/design-notes/the-basics-of-ventilator-systems.html 

Torres, A., Cilloniz, C., Niederman, M. S., Menéndez, R., Chalmers, J. D., Wunderink, R. G., & van 

der Poll, T. (2021). Pneumonia. Nature Reviews Disease Primers, 7(1), Article 1. 

https://doi.org/10.1038/s41572-021-00259-0 

Triyana, K., Rianjanu, A., Nugroho, D. B., As’ari, A. H., Kusumaatmaja, A., Roto, R., Suryana, R., & 

Wasisto, H. S. (2019). A highly sensitive safrole sensor based on polyvinyl acetate (PVAc) 

nanofiber-coated QCM. Scientific Reports, 9(1), Article 1. https://doi.org/10.1038/s41598-019-

51851-0 

Wasilewski, T., Migoń, D., Gębicki, J., & Kamysz, W. (2019). Critical review of E-Nose and tongue 

instruments prospects in pharmaceutical analysis. Analytica Chimica Acta, 1077, 14–29. 

https://doi.org/10.1016/j.aca.2019.05.024 

Wasisto, H. S., Merzsch, S., Uhde, E., Waag, A., & Peiner, E. (2015). Handheld personal airborne 

nanoparticle detector based on microelectromechanical silicon resonant cantilever. 

Microelectronic Engineering, 145, 96–103. https://doi.org/10.1016/j.mee.2015.03.037 

Wilson, A. D. (2018). Application of Electronic-Nose Technologies and VOC-Biomarkers for the 

Noninvasive Early Diagnosis of Gastrointestinal Diseases. Sensors (Basel, Switzerland), 18(8), 

2613. https://doi.org/10.3390/s18082613 

OPTIMASI MACHINE LEARNING DAN SISTEM SAMPLING PADA E-NOSE UNTUK MENDETEKSI
PENYEBAB PNEUMONIA OLEH
BAKTERI ATAU VIRUS
sonny ilham wicaksono, Prof. Dr. Eng. Kuwat Triyana, M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

 

49 

 

Zeeshan Zafar, M. (2016). A Case Study: Pneumonia. Occupational Medicine & Health Affairs, 4(4). 

https://doi.org/10.4172/2329-6879.1000242 

 

  

OPTIMASI MACHINE LEARNING DAN SISTEM SAMPLING PADA E-NOSE UNTUK MENDETEKSI
PENYEBAB PNEUMONIA OLEH
BAKTERI ATAU VIRUS
sonny ilham wicaksono, Prof. Dr. Eng. Kuwat Triyana, M.Si.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/


