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1. INTRODUCTION

Happy Hypoxia is a condition that has been a topic of discussion a few time ago because it is called a
symptom that someone has COVID-19 [1]. Hypoxia is a term used to describe a condition when the oxygen
level is insufficient in the body [2]. Usually occurs due to insufficient oxygen concentration in the blood,
otherwise known as Hypoxemia [3], these conditions will cause an increase in heart rate [4]. Mostly,
hypoxemic patients will complain of breathless [2].

Hypoxemia is a symptom of various diseases, such as Hypercholesterolemia [5], Asthma [6], GERD [7],
Anxiety Disorder [8], and others. If not immediately known, Hypoxemia can cause damage to cells, tissues,
and organs such as the brain and even heart failure [2]. So, Hypoxemia is important to know because it is very
closely related ahealllh conditions, can be detected by measuring SpO2 levels and heart rate. In 2014, a study
was conducted to detect heart rate and blood oxygen levels (SPO2) using a photoplethysmograph-based pulse
oximeter [9].

This research develops a non-invasive system to perform screening (early prediction) for Hypoxemia.
The detection system is made using Fuzzy Logic by utilizing two parameters: heart rate (bpm) and SpO2 level,
which was detected using the MAX30]09:I]S()I’. This research will used Internet of Things (IoT) concept to
make historical data save in the cloud. loT is a technology that connects several devices via an internet
connection to the cloud [10]. IoT used internet network to send data from physical world to the cloud using
specific protocol [11]. In the health sector, the Internet of Things is designed to help health workers by
providing complete information about patient diseases and can respond to changing health conditions in a
timely manner [12]. IoT generate data from one or more sensor from physical world [13]. The data that generate
from sensor will analyze using specific techniques and the result can display from all device that connect to
IoT system [14]. The prediction results generated by the system in this research will later be saved to Google
Firebase. Besides being displayed on the LCD, it will also be displayed via the Android application that connect
to IoT system. This system will help make it easier for the user to see the predicted results from the hypoxemia
analysis carried out by the system.
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2. METHOD

This study began with the process of reviewing research papers discussing Hypoxemia. The first research
by [4] stated that when the SpO2 level will decreases and the heart rate will increase to compensate for the lack
of oxygen but has a problem developing a system that can be used to screen hypoxemia. Table 1 and Table 2
is value grouping from SpO2 and Heart Rate.

Second research by [9] found the value of the SpO2 level and the heart rate using a pulse oximeter based
on a photoplethysmograph which is a non-invasive technology using a light source or a photodetector on the
skin's surface to measure circulator volume variation so the results could be grouped based on its categories.

The research conducted by [4] and [9] was then developed to process data on SpO2 levels and heart rate
to detect Hypoxemia. So in this research implemented a fuzzy system that will process the value of SpO2 and
heart rate to detect Hypoxemia using sensor a pulse oximeter MAX30102, which is a non-invasive sensor that
can detect SpO2 levels and heart rate integrated into one chip, that consists of two LEDs combination,
photodetector, optimal optics, and low noise analog signal processing, then connected to a microcontroller for
data processing [15]. The Fuzzy Logic approach has ad vantages in human cognitive traits, especially in concept
formation, pattern recognition, and decision making in uncertain or unclear environments [14][16].

Table 1. SpO2 Value Grouping

Sp02 (%) Status
95-100 Normal
91 -94 Mild
86 —90 Moderate
<85 Severe

Table 2. Heart Rate Value Grouping (HR)

Age Heart Rate (BPM) Status
Minimum 15 years < 60 Bradycardia
Minimum 15 years 60 - 100 Normal
Minimum 15 years > 100 Tachycardia

2.1. General System Process

Figure 1 and Figure 2 is architecture and flowchart from the proposed system that describes the process
of the Hypoxemia detection. The MAX30102 sensor will work when a finger is attached to the sensor. The
sensor is connected to the Arduino UNO microcontroller for data processing. The value of SpO2 levels and the
heart rate (bpm), will be processed using Fuzzy Logic to obtain Hypoxemia predictions. The results of
measuring the value of SpO2 levels and heart rate will be displayed on the LCD. If the system is connected to
the internet network, then the ESP8266 module as a Wi-Fi module will send the data to Google Firebase in
JavaScript Object Notation (JSON) format, and the results are also displayed on Android Application.
According to [17] research, the database provided by Google Firebase is much more efficient in speed than
SQLite.
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Fig. 1. System Architecture
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22. Fuzzy Logic Model and Design

Fuzzy Logic is a technique used to replace the uncertainty of a question with multiple answers [18]. One
of the Fuzzy modeling methods is the Sugeno Fuzzy Inference System, the process has three architectures or
workflows: Fuzzification, Inference, and Defuzzification [19].

Severe Moderate Mild Normal

\

85 86 90 91 94 95 100
Fig. 3. Membership of SpO2

The fuzzification process will change the crisp data into memberap degrees. In this study, the
fuzzification process was used to determine the fuzzy input variable: the heart rate (bpm) and the oxygen
saturation in the blood (SpO2).

The SpO2 membership function uses trapezoid shape and shoulder curves like Figure 3. When the SpO:
value is less than 85% is included in the severe membership function, SpO: values 86% to 90% are included
in the moderate membership function, SpO2discounts 91% to 94% are included in the mild membership
function, and SpO: values of more than 95% are included in the standard membership function.

1. Normal
1 ;95 < x <100
p(x) = % ;94 <x <95 (1
0 x < 94
2. Mild
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Information: x = Input value that will be converted to Fuzzy number

The heart rate membership function uses the shoulder curve and triangular curve bership function
like Figure 4. When a heart rate value less than 60 bpm is bradycardia, a heart rate value of 60 bpm to 100 bpm
is standard, and a heart rate value of more than 100 bpm is tachycardia.

Bradhycardia Normal Tachycardia

[ ——
_ff S

60 80 100
Fig. 4. Membership of Heart Rate

1. Bradycardia

1 ;x <60
80 —x
X)= 44— ;60 <x <80 5
p(x) 25— &0 (5)
0 ;x> 80
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Information: x = Input value that will be converted to Fuzzy number

The Sugeno model uses a simpler membership function. Each output produced by a crisp value is
represented on a singletone, with a degree of membership of | (one) at a single crisp value and O (zero) on all

other crisp values [20]. The Membership singleton of Hypoxemia Prediction from this research can see on
Figure 5.

Severe Moderate Mild
Hypoxemia Hypoxemia Hypoxemia Normal
1
0
% 80 90 100

Fig. 5. Membership Singleton of Hypoxemia Prediction

In determining the prediction of Hypoxemia using the Sugeno Order-Zero method, namely:

If (xisA) N (% is A) NN (xy isA,) thenz =k (8)
Information:
xn = Input Variable
An  =Category

The inference is the process of converting Fuzzy input to Fuzzy output using if-then rules. The implication
function is a logical structure consisting of a set of premises and conclusions. The implication function is useful
for understanding the relationship between the inference and the conclusion. The implication function is the IF
statement x is A THEN B is y, where x and y are scalars, A and B are Fuzzy sets. At this stage, the rules used
in the Fuzzy system will be determined. The rule can see on Table 3.
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Table 3. The fuzzy membership set that will be formed into rules

Sp02 Heart rate (HR) Prediction
Normal Bradycardia Normal
Normal Normal
Tachycardia Mild Hypoxemia
Mild Bradycardia Mild Hypoxemia
Normal Mild Hypoxemia
Tachycardia Moderate Hypoxemia
Moderate Bradycardia Moderate Hypoxemia
Normal Moderate Hypoxemia
Tachycardia Severe Hypoxemia
Severe Bradycardia Severe Hypoxemia
Normal Severe Hypoxemia
Tachycardia Severe Hypoxemia
1) SpO: is Normal and HR is Bradhycardia) THEN Normal
2) SpO: is Normal and HR is Normal) THEN Normal
3) SpO: is Normal and HR is Tachycardia) THEN Mild Hypoxemia
4) SpO: is Mild and HR is Normal) THEN Mild Hypoxemia

IF (
IF (
IF (
IF (
5)  IF (SpO: is Mild and HR is Bradhycardia) THEN Mild Hypoxemia

6)  IF (SpO: is Mild and HR is Tachycardia) THEN Moderate Hypoxemia

7)  IF (SpO: is Moderate and HR is Normal) THEN Moderate Hypoxemia

8) IF (SpO: is Moderate and HR is Bradhycardia) THEN Moderate Hypoxemia
9)  IF (SpO: is Severe and HR is Tachycardia) THEN Severe Hypoxemia

10) IF (SpO: is Severe and HR is Normal) THEN Severe Hypoxemia

11) IF (SpO: is Severe and HR is Bradhycardia) THEN Severe Hypoxemia

12) IF (SpO: is Severe and HR is Tachycardia) THEN Severe Hypoxemia

Determination of these rules is formed based on predetermined criteria with an appropriate assessment of
the object. After the rules are formed, the next step is to determine the membership value (a) according to the
Fuzzy regulations created using the minimum implication function. In the minimum implication function, the
AND (intersection) operator is used.

The composition of the rules is the overall conclusion by taking the maximum level of membership from
each consequent application of the implication function and combining all the findings of each direction to
obtain the Fuzzy solution area.

Defuzzification of determinism is the process of converting the output-fuzzy from the inference system
mnto crips. Defuzzification in Sugeno's Fuzzy Inference System uses a weighted average formula(Cavallaro

2015).
N i Z;
WA = Z L )
i=1 O

WA = weighted average value; ai = o predicate to 1; zi = consequent to i; I = sequence of data; N =
amount of data.

3. RESULTS AND DISCUSSION

Before testing for Hypoxemia prediction, the MAX30102 sensor is calibrated to determine the value of
Root Mean Square Error (RMSE). If the RMSE value is smaller (close to 0) means the prediction results more
accurate [21]. Testing is done by comparing the measurement results with the MAX30102 sensor with three
factory-made pulse oximeters. Tested on a total of 10 people classified as adult (18 years - 59 years) and seniors
(67 years). The sensors are simultaneously attached to the four fingers of the tested person in turn, each tested
for 30 seconds and for each person tested 10 times.
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RMSE = JE?(actuaI value — predict value)?

(10)

n

RMSE = Root Mean Square Error; i= sequence of data; n = The amount of data.

From the results of the calibration test in Tables 4 and 5, all the RMSE values obtained were less than
3.5%. If the RMSE value of a pulse oximeter is less than 3.5%, the sensor has a fairly good accuracy and can
be used for testing [22].

The test aims to determine whether the system has been created to be able to detect hypoxemia. The test
is Cill'l'icdall by the method of sensitivity, specificity, and accuracy testing will be calculated. Two terms
generally used in medical and epidemiological research are sensitivity and specificity [23].

Sensitivity is the capacity of the test to demonstrate which person is ill in the entire population is ill.
Specificity is the capacity of the test to show which individuals are healthy than those who are genuinely not
ill [23]. Sensitivity and specificity test methods have previously been camried out in research by [24][25].

Table 4. SpO: Calibration Results

RMSE value when the system is compared to -

Age Classification
Pulse Oximeter 1 Pulse Oximeter 11 Pulse Oximeter ITI
Adult (18 years - 59 years) 0.55% — 1,37% 0.89% — 1,76% 0,93% — 2,61%
Elderly (67 years) 0.94% 0.83% 1.71%
Table 5. Heart Rate Calibration Results
. . RMSE value when the system is compared to -
Age Classification
Pulse Oximeter 1 Pulse Oximeter 11 Pulse Oximeter I11
Adult (18 years - 59 years) 2% — 3% 1.67% —3.1% 1.52% —2.97%
Elderly (67 years) 228% 2.55% 226%

This testing scenario takes five people who have a history of disease in which one of the symptoms is
hypoxemia that is GERD, schizophrenia, asthma, gastritis, and hypercholesterolemia [5][6][7][26][27]and also
five healthy people. The test was carried out for 30 seconds for each person.

true positive

Sensitivity 1009 1
EnsItvIty = e positive + false negative * & o

true negative

Specificity = false positive + true negative x 100% 12)
ACCU‘.I‘G‘.CJJ — (Total Data—Invalid data) % 100%
Total Data
(13)
Table 6. SpO2 Value Grouping
No Gender Age History of Disease Indicated Sp0O2 HR Prediction Comparison of
(years) Hy poxemia Disease
and Prediction
1 ‘Woman 21 GERD Yes 97,60 91 Normal Invalid
2 ‘Woman 21 Skizofrenia Paranoid Yes 91,99 90 Mild Hipoksemia Valid
3 Woman 40 Asthma Yes 06,88 62 Normal Invalid
4 Woman 55 Gastritis/Maag Yes 93,79 63 Mild Hipoksemia Valid
5 Woman 67 Hyper-cholesterolemia Yes 93,83 68 Mild Hipoksemia Valid
B Man 21 Normal No 095,93 67 Normal Valid
i ‘Woman 38 Normal No 08.83 90 Normal Valid
8 Woman 55 Normal No 97,03 69 Normal Valid
9 Woman 22 Normal No 99,34 74 Normal Valid
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Woman 21 Normal No 9944 80 Normal

Valid

After testing in Table 6, the results of the tests that have been carried out are two people who have invalid
test status. The development of the sensitivity value calculation is 609%. the specificity value is 100%, and the
accuracy is 80%.

In the Hypoxemia detector's testing results in Table 6, two people are not detected to have hypoxemia:
people who have GERD and Asthma. GERD is a condition of esophageal damage caused by increased stomach
acid. Hypoxemia in GERD patients occurs when the acid comes in contact with the esophagus or even gets
into the lungs. In [7], it was explained that the severity of GERD affects hypoxemia. It is stated that the more
severe the GERD is experienced, the more frequent recurrences of hypoxemia will be. Based on interviews
with GERD patients, it is known that the disease has been present for one year. The patient is currently
undergoing therapy to get better with the frequency of relapses about once in two months. It results in
hypoxemia not being detected by the detection system.

Meanwhile, in the interviews with asthma patients, it was found that patients routinely took Asthma
medication at adose of 2040 meg twice a day. According to [28], the level of medication adherence will affect
the frequency of relapse in asthma patients. When the test was carried out, the patient was in a healthy
condition, so that the instrument did not detect the Hypoxemia condition.

The sensitivity test aims to determine the effectiveness of the tool to identify a disease. From the test
results, the results obtained from the calculation of the sensitivity is 60%. It occurs because the test population
1s too small; namely, only five people have a history of the disease and the five tested. Some people do not
relapse, resulting in a sensitivity percentage value of only 60%.

The specificity test aims to show which individuals are not suffering from pain from honestly not. The
specificity value obtained from the test is 100%, the detection system is made to detect individuals who do not
experience hypoxemia from five healthy individual populations. The total accuracy value obtained from the
test results is 80%, with two test results invalid from the whole test population.

Because hypoxemia is closely related to COVID-19 [29], suggestions for further research is testing should
also be done on COVID- 19 patients because COVID-19 is a topic that is always being researched, Currently,
the case of COVID-19 in Indonesia has not shown a substantial decrease. There are still quite a number of
cases in some areas, like East Java and South Sulawesi [30].

4. CONCLUSION

In this study, Fuzzy Logic Inference System Sugeno models can process data SpO2 and heart rate quite
well. Based on the results of the tests and analyzes that have been carried out, it can be concluded that the
Hypoxemia detection system using the MAX30102 sensor based on Fuzzy Logic can be used to perform
screening Hypoxemia with the sensitivity is 60%, the specificity is 100% and the accuracy is 80%.

Acknowledgments
We acknowledged Telkom University
REFERENCES
[1] Widysanto, Allen, Titis D Wahyuni, Leonardo H Simanjuntak, Samuel Sunarso, Sylvia S Siahaan, Hori

Haryanto, Carla O Pandrya, et al. 2020. “Happy Hypoxia in Critical COVID-19 Patient: A Case Report in
Tangerang , Indonesia,™ 1-5.

[2] Samuel, Jacob, and Cory Franklin. 2008, “Hypoxemia and Hypoxia.” Common Surgical Diseases, 391-94.

[3] Cafaro, R P. 2016. “Hypoxia: Its Causes and Symptoms.” Journal of the American Dental Society of
Anesthesiology 7 (4): 4-8.

[4] Krejci, Jakub, Michal Botek, and Andrew J. McKune. "Dynamics of the heart rate variability and oxygen

saturation response to acute normobaric hypoxia within the first 10 min of exposure." Clinical physiology and
functional imaging 38.1 (2018): 56-62.

[5] Li, Jianguo, Vladimir Savransky, Ashika Nanayakkara, Philip L. Smith, Christopher P. O’Donnell, and Vsevolod
Y. Polotsky. 2007. “Hyperlipidemia and Lipid Peroxidation Are Dependent on the Severity of Chronic
Intermittent Hypoxia.” Journal of Applied Physiology 102 (2): 557-63.

Detection of Oxygen Levels (SpO2) and Heart Rate Using a Pulse Oximeter for Classification of Hypoxemia Based on
Fuzzy Logic (Mazaya Zata Dini)




ISSN 2338-3070 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) 9

Vol. 7,No. 3, December 2021, pp. xx-xx

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21

[24]

Deana, Cristian, Laura Conangla, Luigi Vetrugno, Massimiliano Saltarini, Stefania Buttera, Tiziana Bove, Flavio
Bassi, and Amato De Monte. 2019. “Persistent Hypoxemia after an Asthma Attack.” Critical Ultrasound Journal
11 (1): 10-12.

Gaillet, Geoffrey, Olivier Favelle, Laurent Guilleminault, Anne De Muret, Etienne Lemarie, Thierry Lecomte,
Sylvain Marchand-Adam, and Patrice Diot. 2015. “Gastroesophageal Reflux Disease Is a Risk Factor for Severity
of Organizing Pneumonia.” Respiration 89 (2): 119-26.

Tselebis, Athanasios, Argyro Pachi, Ioannis Ilias, Epaminondas Kosmas, Dionisios Bratis, Georgios Moussas,
and Nikolaos Tzanakis. 2016. “Strategies to Improve Anxiety and Depression in Patients with COPD: A Mental
Health Perspective.” Neuropsychiatric Disease and Treatment 12: 297-328.

Jahan, Esrat, Tilottoma Barua, and Umme Salma. 2014. “AN OVERVIEW ON HEART RATE MONITORING
AND PULSE OXIMETER SYSTEM.” International Journal of Latest Research in Science and Technology 3
(5): 148-52.

Wardana, Aulia Arif, Andrian Rakhmatsyah, Agus Eko Minarmo, and Dhika Rizki Anbiya. 2019. “Internet of
Things Platform for Manage Multiple Message Queuing Telemetry Transport Broker Server.” Kinetik: Game
Technology, Information System, Computer Network , Computing, Electronics, and Control 4 (3): 197-206.
Hadiansyah, Ridwan, Vera Suryani, and Aulia Arif Wardana. "IoT Object Security towards the Sybil Attack
Using the Trustworthiness Management." 2020 8th International Conference on Information and Communication
Technology (ICoICT). IEEE, 2020.

Pramudhita, Agung N, Abdul Muhsyi, and Mungki Astiningrum. 2018. “Sistem Pelayanan Kesehatan Terpadu
Berbasis Iot Pada Fasilitas Kesehatan.” Jurnal Ilmiah Edutic 5 (1): 8-16.

Nasution, Anggi Pratama, Vera Suryani, and Aulia Arif Wardana. "IoT Object Security towards On-off Attack
Using Trustworthiness Management." 2020 8th International Conference on Information and Communication
Technology (ICoICT). IEEE. 2020.

Rukmana, Muhammad Syahrial, Andrian Rakhmatsyah, and Aulia Arif Wardana. "Mastitis Detection System in
Dairy Cow Milk based on Fuzzy Inference System using Electrical Conductivity and Power of Hydrogen Sensor
Value." EMITTER International Journal of Engineering Technology 9.1 (2021): 154-168.

Sameh, Radwa, M. Genedy, A. Abdeldayem, and Mohamed H. Abdel Azeem. 2020. “Design and Implementation
ofan SPO2 Based Sensor for Heart Monitoring Using an Android Application.” Journal of Physics: Conference
Series 1447 (1).

Cavallaro, Fausto. 2015. “A Takagi-Sugeno Fuzzy Inference System for Developing a Sustainability Index of
Biomass,” 12359-71.

Khawas, Chunnu, and Pritam Shah. 2018. “Application of Firebase in Android App Development-A Study.”
International Journal of Computer Applications 179 (46): 49-53.

Siddiqui, Tasnuba, and Bashir [ Morshed. 2018. “Severity Exploratory Model Analysis of Chronic Obstructive
Pulmonary Disease and Asthma with Heart Rate and SpO 2.” 2018 IEEE International Conference on
Electro/Information Technology (EIT), 913-16.

Pratama, Gilang Nugraha Putu, Andi Dharmawan, and Catur Atmaji. "Implementasi Kendali Logika Fuzzypada
Robot Line Follower." IJEIS (Indonesian Journal of Electronics and Instrumentation Systems) 4.1 (2014): 45-
56.

Ebrahimi, Mohammad, and Farhad Qaderi. "Determination of the most effective control methods of S02
Pollution in Tehran based on adaptive neuro-fuzzy inference system." Chemosphere 263 (2021): 128002.
Calasan, Martin, Shady HE Abdel Aleem, and Ahmed F. Zobaa. "On the root mean square error (RMSE)
calculation for parameter estimation of photovoltaic models: A novel exact analytical solution based on Lambert
W function.” Energy Conversion and Management 210 (2020): 112716.

Maxim Integrated. 2014. “Guidelines for SpO2 Measurement Using the Maxim® MAX32664 Sensor Hub,” 1-
15.

Sharma, Devashish, U B Yadav, and Pulak Sharma. 2009. “THE CONCEPT OF SENSITIVITY AND
SPECIFICITY IN RELATION TO TWO TYPES OF ERRORS AND ITS APPLICATION IN MEDICAL
RESEARCH * Deptt . of Statistics and Demography , Post Partum Programme ** Deptt . of Orthopaedics.”
Journal of Reliability and Statistical Studies 2 (2). 53-58.

Torres, Reginaldo Thuler, et al. "Sensitivity and specificity of multibacillary and paucibacillary leprosy
laboratory tests: A systematic review and meta-analysis." Diagnostic Microbiology and Infectious Disease
(2021): 115337

Detection of Oxygen Levels (SpO2) and Heart Rate Using a Pulse Oximeter for Classification of Hypoxemia Based on

Fuzzy Logic (Mazaya Zata Dini)




10 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN 2338-3070
Vol. 7,No. 3, December 2021, pp. xx-xx

[25] Fernandez-Montero, Alejandro, et al. "Validation of a rapid antigen test as a screening tool for SARS-CoV-2
infection in asymptomatic populations. Sensitivity, specificity and predictive values.” EClinicalMedicine (2021):
100954.

[26] Cannon, Tyrone D., Theo G M. Van Erp, Isabelle M. Rosso, Matti Huttunen, Jouko Linngvist, Tiia Pirkola, Oili
Salonen, Leena Valanne, Veli Pekka Poutanen, and Carl Gustav Standertskjiéld-Nordenstam. 2002. “Fetal
Hypoxia and Structural Brain Abnormalities in Schizophrenic Patients, Their Siblings, and Controls.” Archives
of General Psychiatry 59 (1): 35-41.

[27] Syam, Ari F, Marcellus Simadibrata, Septelia I Wanandi, Bethy S Hernowo, M Sadikin, and Abdul A Rani. n.d.
“Gastric Ulcers Induced by Systemic Hypoxia,™ 243-48.

[28] Tran, Nancy, et al. "Patient reminder systems and asthma medication adherence: a systematic review." Journal
of Asthma 51.5 (2014): 536-543.

[29] Xie, Jiang, et al. "Association between hypoxemia and mortality in patients with COVID-19." Mayo Clinic
Proceedings. Vol. 95. No. 6. Elsevier, 2020.

[30] Quaresima, Valentina, and Marco Ferrari. "COVID-19: efficacy of prehospital pulse oximetry for early detection
of silent hypoxemia." Critical Care 24.1 (2020): 1-2.

BIOGRAPHY OF AUTHORS

first author Mazaya Zata Dini
photo (first author biography and email)

second author | Andrian Rakhmatsyah
photo

(second author biography and email)

third author Aulia Arif Wardana
photo

(third author biography and email)

Detection of Oxygen Levels (SpO2) and Heart Rate Using a Pulse Oximeter for Classification of Hypoxemia Based on

Fuzzy Logic (Mazaya Zata Dini)




Detection of Oxygen Levels (Sp02) and Heart Rate Using a
Pulse Oximeter for Classification of Hypoxemia Based on
Fuzzy Logic

ORIGINALITY REPORT

Ou

SIMILARITY INDEX

PRIMARY SOURCES

. : 0
www.journal.uad.ac.id 139 words — 4 )

Internet

Iswanto, Prisma Megantoro. "Detection of Hypoxic 18 words — 1 %
Symptoms System Based on Oxygen Saturation and
Heart Rate Using Arduino Based Fuzzy Method", 2020 2nd
International Conference on Industrial Electrical and Electronics
(ICIEE), 2020

Crossref

Adltya Eka Bag"askara, Setyorini Setyorlnl, Aulia 11 words — < 1 /0
Arif Wardana. "Performance Analysis of Message

Broker for Communication in Fog Computing”, 2020 12th
International Conference on Information Technology and
Electrical Engineering (ICITEE), 2020

Crossref

Ines Feki, Sourour Ammar, Yousri Kgssentlnl, 11 words — < 1 /0
Khan Muhammad. "Federated learning for
COVID-19 screening from Chest X-ray images", Applied Soft
Computing, 2021

Crossref

S?!VI |r.']dl’lcj:lnl, Endang Dian Setyo.nlngsm, Dyah 11 words — < 1 /0
Titisari, Arif Joko Wuryanto. "Design Of Asthma

Detection Devices Through Heart Rate and Oxygen Saturation",



B B B

Indonesian Journal of electronics, electromedical engineering,
and medical informatics, 2020

Crossref

H M mn 0
Pratik Kanani, Mamta Padole. "Chapter 6 8 words — < 1 )0
Recognizing Real Time ECG Anomalies Using
Arduino, AD8232 and Java", Springer Science and Business
Media LLC, 2018

Crossref

www.mdpi.com 8 words — < 1 0%

Internet

. : 0
kstudiohome.myshopify.com 6 words — < '] /()

Internet

Arif Ridho 'Lub.ls',' San.tl.Prayudgm,'Muharman Lubls,4 words — < 1 %
Al Khowarizmi. "Decision Making in the Tea Leaves

Diseases Detection Using Mamdani Fuzzy Inference Method",
Indonesian Journal of Electrical Engineering and Computer

Science, 2018

Crossref

ON OFF
ON



