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MESSAGE FROM THE GENERAL CHAIRMAN 
 

 

Welcome to Surabaya and welcome to our Joint International Conference, International 

Conference on Computer Engineering, Network and Intelligent Multimedia (CENIM 2018) 

and The 11th AUN/SEED-Net Regional Conference on Computer and Information 

Engineering (RC CIE). The theme of this joint conference is "Sharpening the Contribution of 

Computer Engineering and Telematics in Smart City to Improve the Quality of Human Life". 

CENIM 2018 is an international conference that is organized by The Department of Computer 

Engineering - Institut Teknologi Sepuluh Nopember (DCE-ITS), and has been approved by 

IEEE for technical co-sponsorship. This conference is an excellent event where researchers and 

engineers from academia and industry, majority locally from Indonesia as well as from abroad, 

to meet and share their recent findings for the advancement of the field in Computer 

Engineering and its application.  

 

The Regional Conference Program (RC) is a platform to share the most updated technology 

and research in regional common issues. It aims at maximizing the outreach of the AUN/SEED-

Net for stronger impacts by involving external participants such as representatives from the 

government, industry, community, non-Member Institutions (MIs), and other professional 

organizations.  

 

In our records, CENIM 2018 has received 147 paper submission with authors coming from 9 

different countries. This conference has accepted 83 papers for presentation from 6 countries 

such as Malaysia, Singapore, Hong Kong, Japan, Vietnam and India. While, RC CIE 2018 has 

received 61 paper submission and accepted 38 papers for presentation. The RC CIE authors 

are mainly from the AUN/SEED-Net region. The topics of the papers are various including 

Biomedical Signal and Image Processing, Computer and Communication Networks, Game 

Technology and Game Engineering, Information System and Management, Soft Computing, 

Embedded System, and also ICT in Smart City.  

 

This conference has received tremendous help and support. Therefore, we would like to thank 

all the international advisory board, technical programme committee (TPC) for their 

contribution to reviews and selecting high-quality paper. We would also like to thank 

AUN/SEED-Net for their generous support and contributions to the conference. We also thank 

PT Telkomsigma for the support in organizing the conference. Our gratitude also goes to 

Lembaga Penelitian dan Pengabdian Masyarakat (LPPM), Institut Teknologi Sepuluh 

Nopember, Surabaya, distinguished invited speakers who are experts in the topics related to 

the theme of the conference, and members of the local organizing committee, for their 

teamwork at preparing the conference.  

 

Lastly, we hope that you can have a great time at the conference, and we wish you a pleasant 

stay in Surabaya, Indonesia.  

 

 

 

 

Dr. I Ketut Eddy Purnama  

General Chairman 
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Session 1 - Track: Biomedical Signal and Image Processing 1  
Monday, 26th November 2018, 15.15 - 17.15, Java Room 

 
Code Paper ID Title Authors 
BI01 1570497587 Semi Automatic Method for 

Basal Ganglia and White Matter 

Lesion Segmentation in MRI of 

Cronic Stroke Patients 

Andi Nugroho and I Ketut Eddy Purnama (Institut 

Teknologi Sepuluh Nopember, Indonesia); 

Mauridhi Hery Purnomo (Institut of Technology 

Sepuluh Nopember, Indonesia); Terawan Putranto 

(RSPAD Gatot Subroto, Indonesia) 

BI02 1570486441 Visualization of Epilepsy Patient's 

Brain Condition based on 

Spectral Analysis of EEG Signals 

using Topographic Mapping 

Diah Wulandari and Thalia Elyantono (Institut 

Teknologi Sepuluh Nopember Surabaya, 

Indonesia); Yoyon Suprapto and Santi Wulan 

Purnami (Sepuluh Nopember Institute of 

Technology, Indonesia); Anda Juniani 

(Shipbuilding Institute of Polytecnic Surabaya, 

Indonesia); Wardah Islamiyah (Univeristas 

Airlangga, Surabaya, Indonesia) 

BI03 1570490250 Channel Selection of EEG 

Emotion Recognition using 

Stepwise Discriminant Analysis 

Evi Pane (Institut Teknologi Sepuluh Nopember 

& Industrial Training Centre of Surabaya, 

Ministry of Industry, Indonesia); Adhi D Wibawa 

(Institute Teknologi Sepuluh Nopember, 

Indonesia); Mauridhi Hery Purnomo (Institut of 

Technology Sepuluh Nopember, Indonesia) 

BI04 1570489729 Comparison of Tuberculosis 

Bacteria Classification from 

Digital Image of Sputum Smears 

 

 

 

Lalitya Nindita Sahenda and I Ketut Eddy 

Purnama (Institut Teknologi Sepuluh Nopember, 

Indonesia); Mauridhi Hery Purnomo (Institut of 

Technology Sepuluh Nopember, Indonesia); I 

Dewa Gede Hari Wisana (Politeknik Kesehatan 

Surabaya, Indonesia) 

BI05 1570493680 Analysis on Human Heart Signal 

during Sad Video Stimuli using 

Heart Rate Variability Triangular 

Index (HRVi) 

Lantana Dioren Rumpa (Universitas Kristen 

Indonesia Toraja, Indonesia); Adhi D Wibawa 

(Institute Teknologi Sepuluh Nopember, 

Indonesia); Muhammad Attamimi (Institut 

Teknologi Sepuluh Nopember, Indonesia); Petrus 

Sampelawang and Srivan Palelleng (Universitas 

Kristen Indonesia Toraja, Indonesia); Mauridhi 

Hery Purnomo (Institut of Technology Sepuluh 

Nopember, Indonesia) 

BI06 1570492334 Classification of EEG Signal for 

Detecting Cybersickness through 

Time Domain Feature Extraction 

using Naïve Bayes 

Mochammad Asyroful Mawalid (Institut 

Teknologi Sepuluh Nopember, Indonesia); Alfi 

Khoirunnisaa (Insitut Teknologi Sepuluh 

November, Indonesia); Adhi D Wibawa (Institute 

Teknologi Sepuluh Nopember, Indonesia); 

Mauridhi Hery Purnomo (Institut of Technology 

Sepuluh Nopember, Indonesia) 
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Session 1 - Track: Computer and Communication Networks 1 
Monday, 26th November 2018, 15.15 - 17.15, Flores Room 

 
Code Paper ID Title Authors 
CN01 1570486884 Enhancing Channel Reciprocity of 

Secret Key Generation Scheme by 

Using Modified Polynomial 

Regression Method 

Mike Yuliana (EEPIS, Indonesia); Iwan Wirawan 

and Suwadi Suwadi (ITS, Indonesia) 

CN02 1570486843 An Implementation of Secure 

Monitoring System to Track 

Member in a Tour Group Using 

Group Signature 

Amang Sudarsono (Politeknik Elektronika Negeri 

Surabaya (PENS), Indonesia); Mike Yuliana 

(EEPIS, Indonesia); Prima Kristalina (Politeknik 

Elektronika Negeri Surabaya (PENS), Indonesia) 

CN03 1570486613 Audio Data Hiding Using Octal 

Modulus Function Based Unsigned 

Integer Samples Values 

Mohammed Hatem Al-Hooti (Institut Teknologi 

Sepuluh Nopember (ITS),Indonesia); Tohari 

Ahmad (Institut Teknologi Sepuluh Nopember 

(ITS), Indonesia); Supeno Djanali (Sepuluh 

Nopember Institute of Technology, Indonesia) 

CN04 1570490219 Energy Monitoring and Sensor 

Devices Management for the 

Internet of Things (IoT) Based 

Smart Home 

I Komang Agus Ady Aryanto (STMIK STIKOM 

Bali, Indonesia); Gede Suweken, Gede Indrawan 

and Kadek Yota Ernanda Aryanto (Universitas 

Pendidikan Ganesha, Indonesia) 
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Session 1 - Track: Soft Computing 1 
Monday, 26th November 2018, 15.15 - 17.15, Banda Room 

 
Code Paper ID Title Authors 
SC01 1570490255 Performance Comparison of Biometric 

System with and without EVCS: Study 

Case for Palmprint Authentication 

System 

Rosmawati Dwi (STMIK Raharja, 

Indonesia); Lukas Lukas (Universitas 

Katolik Indonesia Atma Jaya, Indonesia) 

SC02 1570489942 An Improved Secret Message Capacity 

Using Modulus Function Based Color 

Image Data Hiding 

Mohammed Hatem Al-Hooti (Surabaya, 

Sukelilo, Institut Teknologi Sepuluh 

Nopember (ITS), Yemen); Supeno Djanali 

(Sepuluh Nopember Institute of Technology, 

Indonesia); Tohari Ahmad (Institut 

Teknologi Sepuluh Nopember (ITS), 

Indonesia) 

SC03 1570487145 Utilization of Hexadecimal Numbers In 

Optimization of Balinese 

Transliteration String Replacement 

Method 

Arik Aranta and IGede Aris Gunadi 

(Ganesha University of Education, 

Indonesia); Gede Indrawan (Universitas 

Pendidikan Ganesha, Indonesia) 

SC04 1570490318 On The Comparison: Random Forest, 

SMOTE-Bagging, and Bernoulli 

Mixture to Classify Bidikmisi Dataset 

in East Java 

Wahyuni Suryaningtyas (Muhammadiyah 

University of Surabaya, Indonesia); Nur 

Iriawan, Kartika Fithriasari, Brodjol Ulama, 

Sinta S. Pangastuti, Nita Cahyani and Laila 

Qadrini (Institut Teknologi Sepuluh 

Nopember, Indonesia) 

SC05 1570486861 Adding an Emotions Filter to Javanese 

Text-to-Speech System 

Edy Mulyanto (Universitas Dian 

Nuswantoro & Institut Teknologi Sepuluh 

Nopember, Indonesia); Eko Mulyanto 

Yuniarno (Institut Teknologi Sepuluh 

November, Indonesia); Mauridhi Hery 

Purnomo (Institut of Technology Sepuluh 

Nopember, Indonesia) 
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Session 1 - Track: Embedded System 1 
Monday, 26th November 2018, 15.15 - 17.15, Celebes Room 

 
Code Paper ID Title Authors 
ES01 1570487527 Conflict of Interest based Features for 

Expert Classification in Bibliographic 

Network 

Diana Purwitasari (Institut Teknologi 

Sepuluh Nopember, Indonesia); Mauridhi 

Hery Purnomo (Institut of Technology 

Sepuluh Nopember, Indonesia); Chastine 

Fatichah (Institut Teknologi Sepuluh 

Nopember, Indonesia); Surya Sumpeno 

(Institute Teknologi Sepuluh Nopember, 

Indonesia); Willy Achmat Fauzi and 

Akhmad Bakhrul Ilmi (Institut Teknologi 

Sepuluh Nopember, Indonesia) 

ES02 1570490092 A Configurable High-Frequency SSB 

Signal Generation Method using SDR 

Approach Implemented on System-on-

Chip FPGA 

Tuan Do Trong and Ha Duyen Trung (Hanoi 

University of Science and Technology, 

Vietnam) 

ES03 1570489592 Gas Source Localization Using an 

Olfactory Mobile Robot Equipped 

With Wind Direction Sensor 

Helmy Widyantara, Muhammad Rivai and 

Djoko Purwanto (Institut Teknologi Sepuluh 

Nopember, Indonesia) 

ES04 1570487191 PID-MPC Control Design To Control 

Oil Temperature In Main Fermentor 

Machine PT.Cheil Jedang, Jombang-

Indonesia 

Amirul Hakam and Mardlijah Mardlijah 

(Institut Teknologi Sepuluh Nopember, 

Indonesia); Didik Khusnul Arif (Institut 

Teknologi Sepuluh Nopember Indonesia, 

Indonesia) 

ES05 1570486865 Design of a Low-Cost Therapy Robot 

for Hand Rehabilitation of a Post-

Stroke Patient 

Khairul Anam, Ahmad Rosyadi and 

Bambang Sujanarko (University of Jember, 

Indonesia) 
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Session 1 - Track: ICT in Smart City 1 
Monday, 26th November 2018, 15.15 - 17.15, Ballroom B1 Room 

 

Code Paper ID Title Authors 
IT01 1570486916 Study of Overcurrent Relay 

Coordination Using Non-Standard 

Tripping Characteristic Method in 

150 kV and 20 kV Network of PT. 

PLN (LTD) APJ Gilimanuk 

Margo Pujiantara, Vincentius Raki Mahindara 

and Talitha Puspita Sari (Institut Teknologi 

Sepuluh Nopember, Indonesia) 

IT02 1570486269 Speed Monitoring for Multiple 

Vehicle Using Closed Circuit 

Television (CCTV) Camera 

Arief Kurniawan (Institut Teknologi Sepuluh 

Nopember, Indonesia); Eko Mulyanto Yuniarno 

(Institut Teknologi Sepuluh November, 

Indonesia); Aldiansyah Ramadlan (Institut 

Teknologi Sepuluh Nopember, Indonesia) 

IT03 1570482325 ISO 9126 Quality Model for 

Evaluation of Student Academic 

Portal 

Haerullah Haerullah (College of Information & 

Computer Management (STMIK) Samarinda, 

Indonesia); Dolly Indra (Universitas Muslim 

Indonesia, Indonesia); Masna Wati (Universitas 

Mulawarman, Indonesia); Muh Jamil 

(Universitas Mulawarman & Departemen Of 

Information Technology And Computer 

Science, Indonesia); Hafizdzaki Mono Cikadiwa 

and Edy Budiman (Universitas Mulawarman, 

Indonesia) 

IT04 1570486631 Analysis of Factors Affecting the 

Acceptance Rate of BloobIS 

Application 

Tony Dwi Susanto (ITS, Indonesia) 

IT05 1570486282 Coast Panic-Emergency Situation 

Monitoring System on West and 

East Sailing Lane of Surabaya 

Using LORAWAN Technology 

Eko Pramunanto and Maria Ulfa (ITS, 

Indonesia); Arief Kurniawan (Institut Teknologi 

Sepuluh Nopember, Indonesia) 
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Session 1 - Track: ICT in Smart City 2 
Monday, 26th November 2018, 15.15 - 17.15, Ballroom B2 Room 

 

Code Paper ID Title Authors 
IT06 1570492197 Heart Rate Monitoring Device for 

Arrhythmia Using Pulse Oximeter 

Sensor Based on Android 

Lanny Agustine, Albert Gunadhi, Ivan 

Muljono, Diana Lestariningsih and Peter 

Angka (Widya Mandala Catholic University 

Surabaya, Indonesia); Widya Andyardja 

Weliamto (Nanyang Technological University, 

Singapore) 

IT07 1570492381 MatCounter: Footsteps Counter 

Using DanceMat by Bluetooth 

Based Android Application 

Birou Novi Cahyani, Sritrusta Sukaridhoto and 

Hestiasari Rante (Politeknik Elektronika Negeri 

Surabaya, Indonesia) 

IT08 1570478030 IoT-Enabled Door Lock System Syifaul Fuada (Institut Teknologi Bandung, 

Indonesia); Trio Adiono (STEI ITB, 

Indonesia); Sinantya Feranti Anindya, Trio 

Adiono and Maulana Yusuf Fathany (Institut 

Teknologi Bandung, Indonesia); Irfan 

Purwanda (Pusat Mikroelektronika Institut 

Teknologi Bandung, Indonesia) 

IT09 1570484440 Using A Smart Plug based on 

Consumer Electronics to Support 

Low-Power Smart Home 

Syifaul Fuada (Institut Teknologi Bandung, 

Indonesia); Trio Adiono (STEI ITB, 

Indonesia); Sinantya Feranti Anindya (Institut 

Teknologi Bandung, Indonesia); Irfan 

Purwanda (Pusat Mikroelektronika Institut 

Teknologi Bandung, Indonesia) 
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Session 2 - Track: Biomedical Signal and Image Processing 2 
Tuesday, 27th November 2018, 08.00 - 10.00, Java Room  

 
Code Paper ID Title Authors 
BI07 1570487183 An image preprocessing method for 

kidney stone segmentation in CT 

scan images 

Nilar Thein, Hanung Adi Nugroho and 

Teguh Bharata Adji (Universitas Gadjah 

Mada, Indonesia); Kazuhiko Hamamoto 

(Tokai University, Japan) 

BI08 1570492324 Performance of Color Cascading 

Framework on Different Color-

Space for Malaria Identification 

Ari Kusumaningsih, Yonathan Ferry 

Hendrawan, Cucun Very Angkoso and Rima 

Tri Wahyuningrum (University of Trunojoyo 

Madura, Indonesia) 

IS01 1570486929 Automatic Control Using Fuzzy 

Techniques For Energy 

Management On Smart Building 

Nur Iksan (Universitas Negeri Semarang, 

Indonesia); Erika Devi Udayanti (Universitas 

Dian Nuswantoro, Indonesia); Arief 

Arfriandi (Semarang State University 

(UNNES), Indonesia); Djoko Adi Widodo 

(Universitas Negeri Semarang, Indonesia) 

IS02 1570492206 Web-based Business to Customer 

(B2C) Implementation on the 

Unmanned Aerial Vehicle (UAV) 

Drone Services Business 

Muhammad Setiawan (Jalan Raya ITS 

Kampus PENS, Indonesia); Firlian Fitriani 

Mashita (Airlangga University, Indonesia); 

Sritrusta Sukaridhoto and Hestiasari Rante 

(Politeknik Elektronika Negeri Surabaya, 

Indonesia) 
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Session 2 - Track: Computer & Communication Networks 2 
Tuesday, 27th November 2018, 08.00 - 10.00, Flores Room  

 
Code Paper ID Title Authors 
CN05 1570485695 Internet of Things for Monitoring 

and Controlling Nutrient Film 

Technique (NFT) Aquaponic 

Ahmad Zaini, Arief Kurniawan and Andre 

Herdhiyanto (Institut Teknologi Sepuluh 

Nopember, Indonesia) 

CN06 1570497322 Implementation of Object 

Following Method on Robot Service 

Ketut Purnama and M. Ardi Pradana (ITS, 

Indonesia); Muhtadin Muhtadin (Institut 

Teknologi Sepuluh Nopember, Indonesia) 

CN07 1570490101 Training Strategies for Remo Dance 

on Long Short-Term Memory 

Generative Model 

Lukman Zaman (Sekolah Tinggi Teknik 

Surabaya, Indonesia); Surya Sumpeno 

(Institute Teknologi Sepuluh Nopember, 

Indonesia); Mochamad Hariadi (Sepuluh 

Nopember Institute of Tech. Surabaya, 

Indonesia) 

CN08 1570489788 Design of Wireless Sensor Network 

(WSN) with RF Module for Smart 

Irrigation System in Plantation Area 

Radi Radi (Universitas Gadjah Mada, 

Indonesia) 
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Session 2 - Track: Soft Computing 2 
Tuesday, 27th November 2018, 08.00 - 10.00, Banda Room 

 
Code Paper ID Title Authors 
SC06 1570485704 Brittle Ancient Document Using 

Adaptive Local Thresholding 

Muhtadin Muhtadin (Institut Teknologi 

Sepuluh Nopember, Indonesia); Kiki Fatimah 

and Yoyon Suprapto (Sepuluh Nopember 

Institute of Technology, Indonesia) 

SC07 1570492282 Micro Expression: Comparison of 

Speed and Marking Accuracy in 

Facial Component Detection 

Ulla Rosiani (Institut Teknologi Sepuluh 

Nopember, Indonesia); Ariadi Ririd and 

Priska Choirina (Polinema, Indonesia); Surya 

Sumpeno (Institute Teknologi Sepuluh 

Nopember, Indonesia); Mauridhi Hery 

Purnomo (Institut of Technology Sepuluh 

Nopember, Indonesia); Adri Gabriel Sooai 

(Institut Teknologi Sepuluh Nopember & 

Universitas Katolik Widya Mandira, 

Indonesia) 

SC08 1570480285 Gamelan Simulator Multiplatform 

Application Development 

Yoyon Suprapto and Syahri Maulana 

Ramadhan (Sepuluh Nopember Institute of 

Technology, Indonesia); Eko Pramunanto 

(ITS, Indonesia) 

SC09 1570486842 Mobile Robot Based Autonomous 

Selection of Fuzzy-PID Behavior and 

Visual Odometry for Navigation and 

Avoiding Barriers in the Plant 

Environment 

Sugianta Nirawana, Kadek Yota Ernanda 

Aryanto and Gede Indrawan (Universitas 

Pendidikan Ganesha, Indonesia) 
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Abstract—A monitoring and alert system for a patient 
with arrhythmia potential, especially during rest time at night, 
can reduce the fatality effect of the heart problem. General 
pulse oximeter connected with the Internet of things (IoT) 
technology enable a family member to remotely monitor the 
patient. The more important is the system ability to give real-
time alarm to alert them when the patient in critical condition. 

The system uses a pulse oximeter sensor, a WLAN 
router to connect the device to the Blynk server, and the data 
could be displayed on an Android application. The hardware 
worn by the patient is battery powered. The battery capacity 
also monitored. The lowest accuracy of heart rate reading 
compared with the measured output of a fingertip pulse 
oximeter is 96.9% (normal, bradycardia, and tachycardia). 
The speed of data communication for remote monitoring 
depends on internet connection quality. 

Keywords— arrhythmia, heart rate, pulse oximeter, IoT, 
Android  

I. INTRODUCTION 

The heart is a vital human organ; its health needs to 
be maintained. Based on SRS (Sample Registration System) 
survey in 2014, coronary heart disease became the highest 
cause of death in Indonesia with 12.9% of the Indonesian 
population [1]. Coronary heart disease can cause heartbeat 
rhythm problems or commonly called arrhythmias. Cardiac 
arrhythmia could be divided into two types based on its 
speed; tachycardia and bradycardia. Tachycardia is a 
condition of heart abnormalities with a heart rate above 
normal in resting conditions, while bradycardia is below 
standard. The heart rate of healthy adults is 60 to 100 times 
per minute at rest [2]. 

The rate of the human heartbeat can be measured by 
pressing the wrist and calculate the frequency of pulsation 
for 1 minute or 15 seconds and then the number of beats 
multiplied by 4. However, this method is not effective in 
determining the accurate heart rate. To accurately find a 
heartbeat in a patient can simply be done using a pulse 

oximeter [5,6]. The use of pulse oximeter can easily be done 
at home while the patient is at rest. The internet of things 
(IoT) technology makes it possible to monitor the pulse 
oximeter measurement through Android smartphone 
applications [7]. It can help to monitor the patient with 
arrhythmia potential, especially tachycardia and 
bradycardia, by the family member remotely [8,9]. 

Therefore it is necessary to upgrade the conventional 
pulse oximeter to be able to communicate its measurement 
output to another remote monitoring device. Alarms to 
indicate any arrhythmia is occurring also important to alert 
any people at home and those who monitor the patient 
remotely to increase the chances to help the patient 
immediately [8,10,11,12,13]. 

II. MATERIALS AND METHODS 

A. Pulse Oximeter Sensor 

A pulse oximeter is a non-invasive medical device. It 
is used to measure oxygen saturation in blood. This medical 
device has an LED as its transmitter and a photodiode as its 
receiver. The LED will emit a specific wavelength of light 
that will be absorbed by the blood, then the light will be 
reflected, transmitted, absorbed, and spread by the skin, 
tissue, and blood before the light reaches the photodiode. 
The pulse oximeter has two sensor types based on the 
position of the LED and the photodiode; they are 
transmittance sensor and reflectance sensor [9,14]. 

a. Transmittance Sensor 
The LED and photodiode are facing each other in the 
transmittance sensors, as in Fig. 1a. The LED will emit a 
particular wavelength of light through the fingertips tissue, 
and then the light that penetrating the tissue will be received 
by the photodiode (PD). The photodiode must be placed 
straight opposite to the LED so that the maximum number 
of transmitted lights can be detected. 



b. Reflectance Sensor 
The LED and photodiode (PD) are placed side by side on 
the skin surface in the reflectance sensors, as in Fig. 1b. The 
LED will emit light with a specific wavelength through the 
tissue and blood. Light is absorbed by blood, and then some 
part of the light reflected and accepted by the photodiode. 

B. Pulse Oximeter Output Waveform 

Blood pressure changes can be felt during each 
heartbeat when sensing heart pulses through the artery in the 
wrist [3,4]. The perceived pulse is actually a wave of blood 
pressure that travels from the heart to all the arteries [8]. A 
wave that formed by blood pressure compared with the ECG 
waveform can be seen in Fig. 2. The blood pressure 
waveform is divided into four parts; they are systolic 
pressure, the dicrotic notch, diastolic pressure, and pulse 
pressure. The differences between each wave part are as 
follows: 
• Systolic pressure is the maximum blood pressure of 

artery walls caused by cardiac ventricular contractions. 
• Dicrotic notch illustrates the disturbance of a smooth 

flow caused by low reverse blood flow approaching the 
aortic semilunar valve when the ventricle returns to its 
resting state. 

• Diastolic pressure is the lowest blood pressure in the 
arteries caused by cardiac ventricular relaxation. 

• Pulse pressure is the difference between systolic 
pressure and diastolic pressure. Pulse pressure is the 
pulse felt by pressing the artery location on the wrist. 

 
The R-R interval period of the ECG waveform indicates 

one heartbeat interval. Fig. 3 also shows that a series of 
arterial pressure changes happen during the R-R interval. 
Both waves have a time correlation because they give 
different views from the results of the same physical 
examination, such as the heart rate [3,4]. The pulses detected 
by the pulse oximeter will get closer together if the heart rate 
increase, as the ECG signals do [2]. 

III. HARDWARE DESIGN METHOD 

This device is aimed to be used by two different 
users, the patient, and the patient's family member in the 
remote area. The blog diagram of the system can be seen in 
Fig. 3. The hardware is designed to be used by the patient 
during the rest time. It will communicate its measured 
output with Android smartphone to be monitor remotely 
using IoT (Internet of Things) technology by the family 
member [3]. 

Fig. 1. Pulse oximeter sensor, a) Transmittance sensor, b) Reflectance 
sensor [5,14] 

 

Fig. 2. ECG waveform compare with pulse oximeter output waveform 
[2,5] 

 

Fig. 3.  The designed a system block diagram 

The signals to be measured and detected are the patient's 
heart rate, and also the heart rate type and battery capacity to 
stimulate LEDs and buzzer. 

The system is divided into three parts; hardware to be 
used by the patient, WLAN router for connecting the device 
to the Blynk server, and the data monitor via an Android 
application. The initial proses of the system are collecting 
the input data. The input data obtained is from the voltage 
sensor and a pulse oximeter sensor. Voltage sensor serves to 
detect the voltage of the battery into a resource at the time of 
use of the tool, and the pulse oximeter sensor will detect the 
heartbeat. Microcontroller’s outputs are in the form of LED 
indicator, 2×16 character LCD, buzzer, and data delivery to 
the Android application with IoT system. The details of the 
design are explained in the next sub-sections. 

 

           
(a)                                               (b) 



A. I/O Human Interface Connection 

In this research, Wemos D1 is using as a microcontroller 
module. Wemos D1 is integrated with wifi module 
ESP8266. The microcontroller function is to read the output 
pulse signal from, a signal conditioning circuit and to read 
output voltage from the voltage sensor. The function of 
Wemos D1’s pins used in this research can be seen in Table 
I. 

B. Pulse Oximeter Sensor and Signal Conditioning Circuit 

In this research, a Nellcor DS100a pulse oximeter 
sensor is used. Physical picture and its internal schematic 
can be seen in Fig. 4a and 4b respectively. Only 5 out of 9 
pins are used, they are pin 2, 3, 5, 7, and 9. The first part of 
the schematic in Fig. 5 shows the pulse oximeter sensor 
connection with its additional component and to the current 
to voltage converter (I-to-V) circuit. Pin 2 is connected in 
series with a 330-ohm resistor, and powered by 5Vdc, while 
pins 3, 5, and 7 are grounded. Pin 9 is connected to an I-to-
V circuit to convert the current produced by sensor’s 
photodiode to voltage. The produced current is in order of 
nanoAmpere since a 100kΩ feedback resistor is used in the 
I-to-V circuit, then the output voltage will be at the order of 
millivolt [5]. 

The second part of the schematic is two cascaded 2nd 
order bandpass filter to form a 4th order bandpass filter. 
Each bandpass filter is composed of a 1st order passive high 
pass filter, and an integrator that functions as a 1st order 
active low pass filter with non-inverting voltage 
amplification [5]. This 4th order bandpass filter is designed 
to passes signals with the frequency range of 0.5 Hz to 2.34 
Hz and inhibits the signals outside of that frequency range. 
Each bandpass filter also gives different voltage level 
amplification. The voltage gain of a bandpass filter with 
operational amplifier U1A is 15.4 times, while bandpass 
filter with operational amplifier U1B is 175 times. The total 
gain of both circuits is 2695 times. The goal of this high 
gain is to conditioning the weakest heartbeat pulses to reach 
minimum peak level as high as 1,9V before reaching the 
comparator circuit.  

The last part is a comparator circuit with hysteresis. 
The circuit function is to convert analog input signals into 
pulses based on the analog signals peak level. 

Fig. 4. A Nellcor DS100a pulse oximeter sensor [9], a) top view, b) 
internal schematic [15] 

TABLE I.  WEMOS D1 PIN CONFIGURATION 

Pin Connection Function 

D2 Driver Red LED To control ON/OFF Red LED 

D3 
Serial clock I2C 

(SCL) 
To send data to LCD 

D4 
Serial data I2C 

(SDA) 
To send data to LCD 

D5 Driver Yellow LED To control ON/OFF Yellow LED 

D6 Driver buzzer To control ON/OFF buzzer 

D7 Driver Green LED To control ON/OFF Green LED 

D8 
The output of the 

signal conditioning 
circuit  

To read pulses of the heartbeat 
signal from signal conditioning 

circuit output. 

A0 
The output of DC 
voltage sensor  

To read analog voltage from DC 
voltage sensor output. 

 
Fig. 5. Pulse oximeter sensor and signal conditioning circuit block 
diagram 

The pulse rate correlates with the heart rate. The 
comparator converts the peaks of the analog signal into 
pulses signal. It compares two level of voltage to the input 
voltage to perform hysteresis. The function of this feature is 
to decrease the possibility of converted noise signal into 
pulse signal. The upper threshold is designed at 1.9V, and 
lower threshold is at 0.7V. The hysteresis characteristic is 
shown in Fig. 6. Any input signal with peak voltage level 
equal to or higher than 1.9V when input signal in rising 
transition will be converted to high logic (4V). And any 
input signal with peak voltage level equal to or lower than 
0.7V when input signal transitioning down will be converted 
to low logic (0V) [16]. However, the input signal with the 
peak voltage level outside the range of 0.7V to 1.9V will 
stimulate another transition. 

 

 
(a) 

 
 

(b) 

 



 

Fig. 6. Comparator hysteresis characteristic [16] 

Fig. 7. DC voltage sensor 

C. DC Voltage Sensor 

DC voltage sensor is used to determine the voltage level of 
the 12Vdc battery as the power source of the device. The 
voltage level will then converted into battery capacity 
percentage that will be displayed on a 2x16 characters liquid 
crystal display (LCD). DC voltage sensor circuit is actually 
a voltage divider circuit as shown in Fig. 7. It is consists of a 
variable resistor (Rvar) connected in series with a 10kΩ-2W 
ground resistor (RG). The circuit is connected in parallel to 
the battery. The point between Rvar and RG is the output of 
the DC voltage sensor, which is connected to analog input 
pin channel A0 of the microcontroller on the Wemos D1 
module. The output voltage generated from this sensor is a 
DC voltage ranging from 0 to 3.3V, as required by the 
analog input voltage range of the ADC. 

IV. SOFTWARE DESIGN METHOD 

There are two pieces of software that have been 
designed, for programming the microcontroller and the 
Android application. The microcontroller system is based on 
the battery capacity that power up the device wearing by the 
patient.The software using C programming language is 
designed for programming the microcontroller, while the 
Android application is designed using the Blynk platform. 
The microcontroller system will deal with the process 
related to the heart rate as long as the battery capacity higher 
than 10%. The system will count the heart rate in BPM 
based on the input pulses to the microcontroller input pin. 
Then, it will decide whether the instantaneous heart rate is 
in normal condition, tachycardia, or bradycardia. The 
decision will stimulate LEDs and buzzer to on or off. 
Otherwise, the system will indicate that the battery is in low 
power condition, and will also stimulate a particular LED to 
light. The battery capacity data, the heart rate condition, and 
LEDs status are then sent to the Blynk server through the 
Internet.  

The information displays on LCD and Android 
application are different.  

 

Fig. 8. The Monitoring Display on Android application based on heart rate 
condition and battery capacity, a) normal heart rate, b) tachycardia, c) 
bradycardia, d) battery low power 

The information displays on LCD are information that 
important to patient and people around the patient. The 2x16 
character LCD will continuously display the heart rate in 
bpm as long as the battery capacity is higher than 10%. 
Otherwise, the LCD will only display the information that 
the battery is low until the power is lost. This information to 
alert the patient or close by a person that the device power 
supply needs to be recharged and can not be used. 

Fig. 8 shows the monitoring display on Android 
application based on heart rate condition and battery 
capacity. The goal of this application is to make the family 
member able to monitor remotely. And the more important 
is to alert if there is any potential danger to the patient 
condition due to arrhythmia. There are three types of 
displays based on heart rate condition; they are when the 
detected heart rate in normal condition, tachycardia, and 
bradycardia. 

Otherwise, when the battery is in low power 
condition, it will only show the battery condition and zero 
bpm heart rate since the process to count the heart rate has 
stopped. Red LED light to indicate arrhythmia, green LED 
light to indicate the normal heart rate, and yellow LED light 
to indicate battery capacity higher than 10%.  

V. RESULTS AND DISCUSSIONS 

A. DC voltage sensor measurement and testing 

The accuracy of DC voltage sensor will define the 
accuracy of battery capacity information. The circuit is 
tested with stable DC input voltage from a laboratory DC 
power supply. DC input voltage range is 0 to 12V, and will 
be scaled to 0 to 3.3V by the DC voltage sensor circuit and 
converted to digital signal by 10-bit ADC. The 
microcontroller will then recalculate ADC output to dc 
voltage back to the range of 0 to 12V and displayed on 
LCD. 

 



Fig. 9 shows the graph of thirteen measured battery voltages 
(input line) in the range of 0-12V, compare with scaled 
voltage at the output of DC voltage sensor (output line), and 
with the displayed voltage on LCD (displayed line). The 
graph shows that the lowest accuracy of the designed device 
to process input DC voltage to LCD compare with the 
measured DC input voltage is 95.4%. 

B. Comparator hysteresis response test 

Fig. 10 shows the comparison of comparator circuit 
response to an unstable peak of the pulse oximeter output 
signal. This circuit can generate square pulses with the 
limitation of the input heart pulse signal peak as low as 
0.7mV at the current to voltage converter (I-to-V) circuit 
output since the total signal amplification of the circuit 
design is 2695 times. And it also limits the electric current 
received from the pulse oximeter sensor as low as 7nA 
based on the I-to-V circuit design. 

C. Microcontroller software and Android application 
responses test 

The purpose of this step is to test whether the device 
can detect and calculate heart rate accurately, and the device 
can give responses by controlling the LEDs and buzzer as 
expected. The input pulses signal to the microcontroller is 
generated by a function generator (GW-GFG 8210) to 
simulate the heart pulses. The pulses frequency range of the 
sample signal is in the range of bradycardia, normal beat, 
and tachycardia. The graph of the test results can be seen in 
Fig. 11. It shows that the system accuracy can reach as high 
as 100%. 

The slope of pulse waveform might be different for 
each person [8]. Heart rate could be calculated from the 
period of two pulses; it can be the period between two rising 
edges or falling edges [16]. Fig. 10 shows that the period 
between two pulses might be different if calculated the 
period of two rising edges compares to the falling edges. 
The chosen method to calculate this period will affect the 
heart rate calculation error. It indicates that the device can 
trigger responses of LEDs and buzzer activation exactly as 
expected to the three conditions as proposed; bradycardia, 
normal beat, and tachycardia. The data of heart rate 
classification, pulse rate, battery capacity, LEDs and buzzer 
status that sent to the Android application also have been 
tested. The responses of the application are exactly as 
expected as shown in Fig. 8. 

 
Fig. 9. The result of DC voltage sensor measurement and its conversion to 
the displayed voltage on LCD 

Fig. 10. Pulses waveform vs comparator output waveform 

Fig. 11. Software performance to count pulse rate 

D. Hardware system testing 

The designed hardware worn by the patient has been 
tested compared with a fingertip pulse oximeter. The 
purpose of this test is to determine the accuracy of the 
device to count the heart rate (BPM) of the patient. There 
were twelve healthy male volunteers aged 19 to 23 with 
different mass, height, and skin color those acting as the 
patients. The position of the pulse sensors on subject 
fingertips are shown in Fig. 12. The pulse sensor of the 
designed device is positioned on the index fingertip of the 
left hand, and the fingertip pulse oximeter is positioned on 
the middle finger of the left hand. 

To achieve an accurate heart rate results, the subject 
should not do any heavy physical activity at least 15 minutes 
before the measurement began [9,13]. During the 
measurement process, the subject must be at rest. The 
measurement is taken once every minute, and the total time 
is 5 minutes for each subject. Fig. 13 shows the graphical 
result of one-time measurement of each person. It shows the 
heart rate data displayed by the designed device compared 
with those displayed by the fingertip pulse oximeter. The 
performance accuracy of the designed device is 96.9% and 
mostly higher. The difference of mass, height, and skin 
color did not give meaningful effect to the designed device 
performance since the error is approximately less than 3%. 



Fig. 12. The position of fingertip pulse oximeter and the sensor of the 
designed device on the left-hand fingertips 

Fig. 13. The comparison of heart rate measurement result: the designed 
device vs the fingertip pulse oximeter 

VI. CONCLUSION 

The DC voltage sensor as the input source to 
calculate the battery capacity has input voltage range of 0-
12V and output voltage range of 0-3.3V. The lowest 
accuracy of the designed device to read and display the 
battery voltage is 95.4%. 

The accuracy of the designed device to calculate the 
pulses rate can reach as high as 100% when using the square 
wave to simulate heart pulses. Its accuracy can decrease as 
low as 96.9% when tested on human subjects. Since the 
heart rate calculation error is approximately less than 3%, it 
could be concluded that the difference of sex, body mass, 
and skin color do not give meaningful effect to the designed 
device. 

The Android application can give excellent responses due 
to the sent data from the designed device. However, the 

response speed depends on the internet connection quality, 
and also the Blynk server performance. 
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