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Abstrac-Baby box is needed for baby safety and for baby's physical health maintenance. A baby box
equipped with a mat is a comfortable baby bed. Several conditions make babies feel uncomfortable such as
bedwetting. If left unchecked, it can irritate the baby's skin inducing disease including eczema, spots, and
other skin irritation. Based on the problems, a detection device for baby bedwetting and crying was made.
Baby bedwetting devices used moisture sensor and water sensor placed under the mattress. The baby's
urine is absorbed by the baby's bed and touches the water sensor. By using the system, it is expected that
the baby can sleep well and there is no irritation to the skin.
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Introduction

A baby box is a box equipped with a baby bed that serves to keep the baby sleeping in the place safely and
comfortably. The comfort of the baby bed needs to be considered so that the baby can grow optimally. If
the baby bed is uncomfortable, the baby is easily disturbed and has sleeping disturbance. To avoid this,
baby monitoring was designed with early detection of baby bedwetting and baby crying. Baby bedwetting
must be detected as early as possible so that the baby's pants can be replaced immediately because if left
unchecked it can irritate the baby's skin. Baby crying must be detected immediately because if it is not
handled immediately it can affect the baby's mental health.

Several research on baby monitoring have been conducted by previous researchers. The baby incubator
studied by Koli equipped with several sensors such as temperature, humidity, and heart rate sensors. This
intelligent incubator is controlled using Arduino and can be monitored using the web. When the incubator
temperature and humidity change and the baby's heart rate is disturbed, the incubator immediately sounds
an alarm [1]. Cloud computing was investigated by Putranto for medical records used for infant nutrition.
Medical records stored in cloud computers can be accessed by using a PC or laptop and mobile handphone.
The stored medical data records are weight, height and nutrition needed [2].

The intelligent Infant Incubator was researched by Sendra used for premature babies. This incubator was
equipped with temperature and humidity sensors and weight sensor to determine the baby weight, and the
motion sensor to find out the baby movements. This incubator was connected to the network using LoRa
[3]. The sensor system was investigated by Purwiyanti to monitor premature babies in the incubator. The
ultrasonic sensor was used to calculate the length of the baby. The heart rate sensor was used to monitor the
baby's heart rate and the weight sensor was used to measure the baby's body weight. The three sensors were
used to monitor the development of premature babies [4].

Digital intelligent parents studied by Hemalatha was used to monitor babies. Sound sensor, temperature,
humidity, heart rate, baby movement, and force sensor were used to monitor the development of babies
controlled by using Raspbery, whose data were sent to the internet so that it could be monitored via
cellphone or notification from email [5]. Body temperature monitoring was examined by Zakaria to
monitor baby's body temperature. LM35 sensor was used to measure the baby's body temperature measured
on the baby's foot. This system used an Espresso lite microcontroller to process temperature data and
transmitted to the internet via Wi-Fi and monitored with android to measure the baby's body temperature

[6].
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The intelligent cradle system was examined by Joshi by using android to monitor the baby. This smart
cradle system used videos to monitor babies. Cradle swings when it hears the baby crying. Humidity and
noise sensors were used to detect baby crying. A camera was placed near the cradle and used for baby
monitoring videos [7]. Monitoring heart rate and oxygen level examined by Patke were used for health
parameters. The heart rate sensor and the oxy-meter sensor were used to determine the health parameters of
the baby. The data from sensors were processed using signal conditioners then converted into digital data
using the ADC. The data from the ADC were processed by a microcontroller then sent to the cloud server.
Heart rate and oxygen level in infants can be monitored using an Android Mobile [8].

Remote monitoring is used to monitor the condition of the baby in the baby's box. The monitoring has been
investigated by previous studies such as the Global System for Mobile Communications examined by
Bharathkumar V. which is used for remote monitoring. Global System for Mobile Communications is used
to send cheap digital measurement data using a microcontroller. The LM35 sensor is used to measure
temperature and the DHT 11 sensor is used to measure humidity. PIC 16F877A type microcontroller is
used to process sensor data which are then emitted using Global System for Mobile Communications via
SMS [9]. The remote monitoring system using Internet of things technology examined by Spano to monitor
electrocardiogram (ECG). There are many ECGs connected via wireless networks used to monitor the
heart. A belt-shaped ECG sensor was used to examine a patient's heart. The sensor data were processed
using bandpass filters, anti-analising filters and converted into digital data using ADC. ECG data in the
form of digital data were processed by a microcontroller then transmitted to the Internet using wireless
zigbee. ECG data on the internet can be accessed by connecting a computer to an IP address [10].
Communication using the Wireless Sensor Network was examined by the Lijun Liu for monitoring the
greenhouse system environment. The green house monitoring system consists of a CC2540
microcontroller, a radio frequency zigbee transmitter, a sensor Temperature, humidity and light intensity.
SHT11 sensors was used forTemperature and humidity sensors emitted using zigbee communication. The
light intensity sensor using BH1750 was transmitted to the monitoring center using zigbee. The data from
temperature, humidity, and light intensity sensors were monitored centrally [11]. The urban climate
monitoring system was examined by Shete using a raspbery Pl microcomputer. This system monitored
temperature, humidity, air pressure, carbon monoxide and air pollution conditions. BMP180 sensor was
used for Pressure and temperature sensors, DHT22 for air humidity sensor and BH1750 for light intensity
sensor. All sensor data are processed using Raspbery PI and then transmitted to public IP using MQTT
Broker. The data from MQTT Brokers can be accessed using mobile phones or laptops [12].

The home automation and monitoring system was investigated by Chaudhuri using IoT technology. This
system consists of on and off control of lights, movement detection using a PIR sensor, smoke detection
using the MQ2 Gas sensor, temperature detection of the house using the LM35 sensor, and the SMS
communication system using GSM. The internet was connected with Arduino [13]. The energy monitoring
system was examined by Luan using IoT technology. This system monitored energy by using water, oil,
air, and electrical sensors. The data from the sensor were sent using rs485 to the computer. The data were
then sent to the server and the database server through the network. This monitoring system can be
accessed through computers connected to the network servers and the database servers [14].

A baby condition monitoring system has been previously investigated using temperature and humidity
sensors transmitted using wireless technology and GSM technology. Monitoring can only be used in the
local area network and in the condition that the GSM signal is fulfilled. In this paper IOT technology is
presented to monitor the baby's body temperature, room humidity, and the baby's bed wetting. The baby
condition monitoring was equipped with the detection of baby bedwetting monitored remotely using loT
technology with a web server. This system was equipped with a baby crying detection sensor so that when
the baby cries, the mp3 player played a song to calm the baby..

Research Method

The baby box was equipped with a humidity sensor, a temperature sensor [15], a crying sensor[16]-[18], a
coping sensor, musical rhythms from an MP3 player, and a fan controlled with a Wemos microcontroller
as shown as shown in Figure 1. The figure shows three systems namely input system, control system and
output system. The input system is a system to determine the condition of the baby which includes
temperature [19], humidity, sound, and wet sensors [20]-[22]. The input system in the baby monitoring
system was processed by the control system using a Wemos microcontroller that requires low power. The
data obtained by the microcontroller was monitored using internet technology [23] to control the fan [24]
and the Dplayer.
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Figure 1. A baby's condition monitoring system block diagram

1) Input subsystem

Input subsystem is a subsystem for the inputs of temperature, humidity, sound [25]-[27], and wet sensors
shown in Figure 2. The figure shows that the Wemos type Arduino microcontroller is used to read sound,
temperature [28], humidity and wet sensors. The temperature and humidity sensors using SHT11 [29], [30]
are connected to the Wemos microcontroller using 12C communication. The sound and wet sensors are
connected to the microcontroller using a comparator.

TEMPERATURE
SENSOR
HUMIDITY MICROCONTROLLER
SENSOR

ARDUINO

WEMOS
SOUND SENSOR » COMPARATOR »
WET SENSOR » COMPARATOR »

Figure 2. Sensor system and control system block diagram

2) Control subsystem
Control subsystem [31] is a subsystem used to read the data of the sensor, process and issue used for

monitoring using mobile media, controlling fans and MP3 players. Figure 3 shows the microcontroller
system to monitor the baby condition using a Wemos type microcontroller Arduino. This microcontroller is
equipped with a communication system using wireless [32]-[44] and web servers. This microcontroller

also requires low power [45].

INPUT MICROCONTROLLER

SYSTEM ARDUINO WEMOS

Figure 3. Control system block diagram
3) Output subsystem
The output subsystem is a subsystem used to interface controls with several controlled hardware such as
DC motors [46] and MP3 players shown in figure 4. The figure shows the Wemos [47]-[51] type Arduino
microcontroller is used to control the DC motor and MP3 player. The DC motor rotates to run the fan when
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the room temperature is above 35 degrees Celsius and the stops rotating when the room temperature is
below 35 degrees Celsius. The MP3 player is run by the microcontroller when the sound sensor detects a

crying.
Microcontroller -
Arduino FAN

Wemos =% \p3 PLAYER

Figure 4. Block system output diagram.

MOTOR DC

Result and Discussion

The monitoring system tool test was conducted in stages as shown in Figure 5 started from the subsystem
test to the whole system test. It can be seen in the figure that there are three systems in monitoring the baby
condition namely the input system, control system and output system. The input system consists of a
temperature and humidity sensor of SHT11, a sound sensor and a wet sensor.

Input System Control System

Figure 5.Baby condition monitoring system
1) Subsystem testing
A subsystem testing is needed to avoid damaged components to be used. The subsystem testing on the
components of temperature, humidity, sound and wet sensors was carried out using digital multimeter,
thermometer and air humidity measuring instruments.
a. SHT11 sensor testing
Temperature and humidity sensors are tested in an AC room. The test used the SHT11 sensor connected to
a microcontroller whose data are transmitted to the computer. This test was carried out by taking five
samples of temperature and humidity data comparing with temperature data of 220C and humidity data of
64% as shown in Table 1.

TABLE I. TEMPERATURE AND HUMIDITYTABLE

No Temperature Temperature | Humidity Humidity
Shtll (¢) (o) (%)Shtl1 (%)
1 22.76 22.1 64.88% 64.00%
2 22.77 22 64.59% .64.00%
.3 1.22.88 .22.1 .63.97% .64.00%
.4 1.22.83 .22 .64.40% .64.00%

b. Sound sensor testing

Sound sensor testing was performed by playing various kinds of baby cries in the recording. The sound
sensor circuit consists of the pre-amp circuit shown in figure 6 (a) and the comparator circuit shown in
figure 6 (b). Figure 6 (a) shows that the condenser is connected to the pre-amp circuit using an inverting
circuit. The output of the pre-amp is inserted into the comparator circuit which is then processed by the
microcontroller.
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Figure 6.A series of (a) pre-amp, (b) Comparator
This test was carried out by taking five data samples of baby crying that have been recorded as shown in
Table 2. It can be seen that when the recording does not play the sound of baby crying, the comparator
shows 0.00 Volt and when it plays the baby crying in a weak sound the voltage increases to 4.70 V. While,
when it the sound is louder, the comparator voltage value is 4.9 V.

TABLE II. SOUND SENSOR

Baby Comparato
: Pre-amp .
No | Crying o r condition
condition
Sound
1 Quiet -0,03V | 0,00V
Rather - 0,10V [490V
2 Weak
Sound
Weak -0,19V | 490V
3
Sound
Rather -0,30V [490V
4 Loud
Sound
Loud -3,73V 490V
5
Sound

c. Wet sensor testing
The wet detection sensor is assembled using electrode elements as shown in figure 7. The figure shows that
the wet sensor circuit is designed using three transistors connected to an electrode sensor. When the wet
sensor detects a wet, the LED light is on.

+2

#2 N0 LED

elektroda 1

Elektroda Ngompol 100k

elektroda 2

Figure 7.Wet sensor circuit
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The wet sensor test is carried out by pouring water little by little on the bed pad so that the pad becomes
wet as shown in table 3. It is seen that when the bed is dry the voltage measured is 0.45 V and when the bed
is wet the voltage is 2.5 V inducing the LED light to be on.

TABLE III. WET SENSOR

Baby
No matiras Voltage
1 Dry .045V
Rather .2,56V
2
dry
3 Wet L3900V

3) System Testing

The system was tested by integrating the entire system consisting of; input subsystems, control subsystems
and output subsystems into a united system, operating the system, testing the system functions, and
observing the output or the operating system results as shown in table 4. The table shows that when the
SHT11 subsystem is the input, the output is the fan relay on that is run by the microcontroller subsystem.
When the sound sensor subsystem is the input, the output is the MP3 Player relay on that is run by the
microcontroller subsystem, and when the wet sensor subsystem is the input, the output is the buzzer relay
on that is run by the microcontroller subsystem.

TABLE IV. SYSTEM TEST RESULTS

Input Output

No Media Media Output
SHT11S | Fan Fan

! ubsystem | Subsystem Relay

Yy Y On

Sound

) Sensor MP3Player Relay
Subsyste | Subsystem On
m
Wet Microcontro
Sensor Relay

3 ller
Subsyste On
m Subsystem

Conclusion

Based on the results and discussion, it can be concluded that a system for monitoring the condition of the
baby has been realized by monitoring the temperature, humidity and sound. When the room temperature
increases, the DC motor moves the fan to cool the baby cot. The high temperature discomforts the baby and
makes the baby cry. The baby crying is detected by the sound sensor leading the microcontroller to turn on
the MP3 Player to play music and comfort the baby. When the baby is wet, the MP3 player turns on the
diaper change sound. By using the system, the baby feels more comfortable and by detecting the
bedwetting, it avoids the skin irritation due to the baby’s urine and keeps the baby health.

References
[1] M. Koli, P. Ladge, B. Prasad, R. Boria, and P. N. J. Balur, “Intelligent Baby Incubator,” in 2018

Second International Conference on Electronics, Communication and Aerospace Technology
(ICECA), 2018, no. Iceca, pp. 1036—1042.

3264



Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019

[2] R. A. Putranto, S. Suryono, and J. E. Suseno, “Cloud Computing Medical Record Related Baby
Nutrition Status Anthropometry Index During Postpartum,” in 2018 2nd International Conference
on Informatics and Computational Sciences (ICICoS), 2018, pp. 1-6.

[3] S. Sendra, P. Romero-Diaz, J. Navarro-Ortiz, and J. Lloret, “Smart Infant Incubator Based on
LoRa Networks,” in 2018 IEEE/ACS 15th International Conference on Computer Systems and
Applications (AICCSA), 2018, pp. 1-6.

[4] S. Purwiyanti, S. R. Sulistiyanti, F. A. Setyawan, B. M. Wibisono, K. sasmita Atmaja, and H.
Fitriawan, “Multisensors System for Real Time Detection of Length, Weight, and Heartbeat of
Premature Baby in The Incubator,” in 2018 International Conference on Electrical Engineering
and Computer Science (ICECOS), 2018, vol. 17, pp. 85-88.

[5] P. Hemalatha and S. Matilda, “Smart Digital Parenting Using Internet of Things,” in 2018
International Conference on Soft-computing and Network Security (ICSNS), 2018, pp. 1-6.

[6] N. A. Zakaria, F. N. B. Mohd Saleh, and M. A. A. Razak, “IoT (Internet of Things) Based Infant
Body Temperature Monitoring,” in 2018 2nd International Conference on BioSignal Analysis,
Processing and Systems (ICBAPS), 2018, pp. 148—153.

[7] Roja Sahu, Rajesh Kumar Sahoo, Shakti Ketan Prusty, Pratap Kumar Sahu. "Urinary Tract
Infection and its Management." Systematic Reviews in Pharmacy 10.1 (2019), 42-48.
Print. doi:10.5530/srp.2019.1.7

[8] Khirod sankar das, sudipta choudhury, k. Chanreila 1. Nonglait (2017) zootherapy among the
ethnic groups of north eastern region of india-a critical review. Journal of Critical Reviews, 4 (2),
1-9. doi:10.22159/jcr.2017v4i2.14698

[9] Bharathkumar V., Irshad SM, Gowtham S., and R. Geethamani, “Microcontroller based digital
meter with alert system using GSM,” in 2017 11th International Conference on Intelligent
Systems and Control (ISCO), 2017, pp. 444—448.

[10] E. Spano, S. Di Pascoli, and G. lannaccone, “Low-Power Wearable ECG Monitoring System for
Multiple-Patient Remote Monitoring,” IEEE Sens. J., vol. 16, no. 13, pp. 54525462, Jul. 2016.
[11] Lijun Liu and Yang Zhang, “Design of greenhouse environment monitoring system based on
Wireless Sensor Network,” in 2017 3rd International Conference on Control, Automation and

Robotics (ICCAR), 2017, pp. 463—466.

[12] R. Shete and S. Agrawal, “IoT based urban climate monitoring using Raspberry Pi,” in 2016
International Conference on Communication and Signal Processing (ICCSP), 2016, pp. 2008—
2012.

[13]T. Chaudhuri, V. Nyamati, and K. Jayavel, “Design and implementation of IoT framework for
Home Automation and Monitoring,” in 2018 2nd International Conference on I-SMAC (IoT in
Social, Mobile, Analytics and Cloud) (I-SMAC)I-SMAC (IoT in Social, Mobile, Analytics and
Cloud) (I-SMAC), 2018 2nd International Conference on, 2018, pp. 5-11.

[14]H. Luan and J. Leng, “Design of energy monitoring system based on IOT,” in 2016 Chinese
Control and Decision Conference (CCDC), 2016, pp. 6785-6788.

[IS]N. H. Wijaya, Z. Oktavihandani, K. Kunal, E. T. Helmy, and P. T. Nguyen, “Tympani
Thermometer Design Using Passive Infrared Sensor,” J. Robot. Control, vol. 1, no. 1, pp. 27-30,
2020.

[16]A. R. Patil, N. J. Patil, A. D. Mishra, and Y. D. Mane, “Smart Baby cradle,” in 2018 International
Conference on Smart City and Emerging Technology (ICSCET), 2018, pp. 1-5.

[17]S. Meyer, F. Salchli, H. Bettaieb, P. Hohlfeld, and C. Achtari, “Continuous recording intrarectal
pressures during the second phase of labor,” Prog. en Urol., vol. 22, no. 8, pp. 487-494, 2012.
[18]C. Dsouza, D. Rane, A. Raj, S. Murkar, and N. Agarwal, “Design of Child Security System,” in

2018 3rd International Conference for Convergence in Technology (12CT), 2018, pp. 1-4.

[19]N. H. Wijaya, A. G. Alvian, A. Z. Arfianto, J. E. Poetro, and F. Waseel, “Data Storage Based
Heart and Body Temperature Measurement Device,” J. Robot. Control, vol. 1, no. 1, pp. 11-14,
2020.

[20]S. U. Abdi, K. Igbal, and J. Ahmed, “Development of PC-based SCADA training system,” in 2016
IEEE International Conference on Industrial Technology (ICIT), 2016, vol. 2016-May, pp. 1192—
1197.

3265
*Corresponding Author: Iswanto, Email: iswanto_te@umy.ac.id
Article History: Received:Nov 02, 2019, Accepted: Dec 28, 2019



Monitoring Baby Conditions in the Baby Box Based On lot Technology

[21]P. Tapak and M. Csiba, “LoT Plant Watering,” in 2018 16th International Conference on
Emerging eLearning Technologies and Applications (ICETA), 2018, pp. 563—-568.

[22]A. Srinivasan, V. K. Gnanavel, Girideeshraj, P. Jain, and G. Rajat, “Remote Monitoring of
Hazardous Gases in Industries (A Low Cost Device),” in 2018 Internat2018 International
Conference on Computation of Power, Energy, Information and Communication (ICCPEIC)ional
conference on computation of power, energy, Information and Communication (ICCPEIC), 2018,
pp. 1-4.

[23]R. Gayathri and S. K. Vasudevan, “Internet of things based smart health monitoring of industrial
standard motors,” Indones. J. Electr. Eng. Informatics, vol. 6, no. 4, pp. 361-367, 2018.

K. Kunal, A. Z. Arfianto, J. E. Poetro, F. Waseel, and R. A. Atmoko, “Accelerometer
Implementation as Feedback on 5 Degree of Freedom Arm Robot,” J. Robot. Control, vol. 1, no.
1, pp. 31-34, 2020.

[24]1M. S. Islam, “An Intelligent System on Environment Quality Remote Monitoring and Cloud Data
Logging Using Internet of Things (IoT),” in 2018 International Conference on Computer,
Communication, Chemical, Material and Electronic Engineering (IC4ME2), 2018, pp. 1-4.

[25]B. Talib, M. Mohammad, and W. A. Zgallai, “Elderly condition monitoring and alert system,” in
2018 Advances in Science and Engineering Technology International Conferences (ASET), 2018,
pp. 1-6.

[26]S. S. Alam, A. J. Islam, M. M. Hasan, M. N. M. Rafid, N. Chakma, and M. N. Imtiaz, “Design and
Development of a Low-Cost [oT based Environmental Pollution Monitoring System,” in 2018 4th
International Conference on Electrical Engineering and Information & Communication
Technology (iCEEiCT), 2018, pp. 652—656.

[27]T. P. Tunggal, A. W. Apriandi, J. E. Poetro, E. T. Helmy, and F. Waseel, “Prototype of Hand
Dryer with Ultraviolet Light Using ATMega8,” J. Robot. Control, vol. 1, no. 1, pp. 7-10, 2020.
[28]M. Mekki and O. Abdallah, “Development of a Wireless Sensors Network for Greenhouse
Monitoring and Control,” Indones. J. Electr. Eng. Informatics, vol. 5, no. 3, pp. 270-274, 2017.
[29]E. Yulian, T. Adesta, and D. Agusman, “Internet of Things ( IoT ) in Agriculture Industries,”

Indones. J. Electr. Eng. Informatics, vol. 5, no. 4, pp. 376-382, 2017.

[30]Z. Dzulfikri, N. St, M. Sc, I. Y. Erdani, and M. Sc, “Design and Implementation of Artificial
Neural Networks to Predict Wind Directions on Controlling Yaw of Wind Turbine Prototype,” J.
Robot. Control, vol. 1, no. 1, pp. 20-26, 2020.

[31]D. Zhang, T. Zhang, J. Zhang, Y. Dong, and X. Zhang, “A kind of effective data aggregating
method based on compressive sensing for wireless sensor network,” EURASIP J. Wirel. Commun.
Netw., vol. 2018, no. 1, p. 159, Dec. 2018.

[32]1D. Zhang, S. Zhou, and Y. Tang, “A Low Duty Cycle Efficient MAC Protocol Based on Self-
Adaption and Predictive Strategy,” Mob. Networks Appl., vol. 23, no. 4, pp. 828-839, Aug. 2018.

[33]1D. Zhang, Y. Tang, Y. Cui, J. Gao, X. Liu, and T. Zhang, “Novel reliable routing method for
engineering of internet of vehicles based on graph theory,” Eng. Comput., vol. 36, no. 1, pp. 226—
247, Feb. 2019.

[34]D. Zhang, T. Zhang, and X. Liu, “Novel self-adaptive routing service algorithm for application in
VANET,” Appl. Intell., vol. 49, no. 5, pp. 1866—1879, May 2019.

[35]D. Zhang, S. Liu, T. Zhang, and Z. Liang, “Novel unequal clustering routing protocol considering
energy balancing based on network partition &amp; distance for mobile education,” J. Netw.
Comput. Appl., vol. 88, pp. 1-9, Jun. 2017.

[36]S. Liu et al.,, “Dynamic Analysis for the Average Shortest Path Length of Mobile Ad Hoc
Networks Under Random Failure Scenarios,” IEEE Access, vol. 7, pp. 21343-21358, 2019.

[37]1T. Zhang and X. Li, “Input/Output-to-State Stability of Impulsive Switched Systems With Time
Delays,” IEEE Access, vol. 7, pp. 109518-109527, 2019.

[38]1D. Zhang, C. Chen, Y. Cui, and T. Zhang, “New Method of Energy Efficient Subcarrier
Allocation Based on Evolutionary Game Theory,” Mob. Networks Appl., Sep. 2018.

[39]1D. Zhang, H. Ge, T. Zhang, Y.-Y. Cui, X. Liu, and G. Mao, “New Multi-Hop Clustering
Algorithm for Vehicular Ad Hoc Networks,” IEEE Trans. Intell. Transp. Syst., vol. 20, no. 4, pp.
1517-1530, Apr. 2019.

3266



Jour of Adv Research in Dynamical & Control Systems, Vol. 11, Special Issue-08, 2019

[40]1D. Zhang, J. Gao, X. Liu, T. Zhang, and D. Zhao, “Novel approach of distributed &amp; adaptive
trust metrics for MANET,” Wirel. Networks, vol. 25, no. 6, pp. 3587-3603, Aug. 2019.

[41]D. Zhang, S. Liu, X. Liu, T. Zhang, and Y. Cui, “Novel dynamic source routing protocol (DSR)
based on genetic algorithm-bacterial foraging optimization (GA-BFO),” Int. J. Commun. Syst.,
vol. 31, no. 18, p. 3824, Dec. 2018.

[42]1D. Zhang, T. Zhang, Y. Dong, X. Liu, Y. Cui, and D. Zhao, “Novel optimized link state routing
protocol based on quantum genetic strategy for mobile learning,” J. Netw. Comput. Appl., vol.
122, no. February, pp. 37—49, Nov. 2018.

[43]D. Zhang, H. Niu, and S. Liu, “Novel PEECR-based clustering routing approach,” Soft Comput.,
vol. 21, no. 24, pp. 7313-7323, Dec. 2017.

[44]P. Megantoro, A. Widjanarko, R. Rahim, K. Kunal, and A. Z. Arfianto, “The Design of Digital
Liquid Density Meter Based on Arduino,” J. Robot. Control, vol. 1, no. 1, pp. 1-6, 2020.

[451A. Latif, K. Shankar, P. T. Nguyen, U. Islam, and S. Agung, “Legged Fire Fighter Robot
Movement Using PID 1,” J. Robot. Control, vol. 1, no. 1, pp. 15-19, 2020.

[46]R. K. Kodali and A. Sahu, “An IoT based weather information prototype using WeMos,” in 2016
2nd International Conference on Contemporary Computing and Informatics (IC31), 2016, no. 1,
pp. 612-616.

[47]F. H. Purwanto, E. Utami, and E. Pramono, “Design of server room temperature and humidity
control system using fuzzy logic based on microcontroller,” in 2018 International Conference on
Information and Communications Technology (ICOIACT), 2018, vol. 2018-Janua, pp. 390-395.

[48] A. Imteaj, T. Rahman, H. A. Begum, and M. S. Alam, “IoT based energy and gas economic home
automation system using Raspberry Pi 3,” 4th Int. Conf. Adv. Electr. Eng. ICAEE 2017, vol.
2018-Janua, no. 978, pp. 647-652, 5093.

[491A. Ahmed, K. R. Noor, A. Imteaj, and T. Rahman, “Unmanned Multiple Railway Gates
Controlling and Bi-directional Train Tracking with Alarming System using Principles of IoT,” in
2018 International Conference on Innovations in Science, Engineering and Technology (ICISET),
2018, no. October, pp. 486—491.

[50]T. A. Mahatab, M. H. Muradi, S. Ahmed, and A. Kafi, “Design and Analysis of IoT Based
Ionizing Radiation Monitoring System,” 2018 Int. Conf. Innov. Sci. Eng. Technol., no. October,

pp. 432-436, 5192.

3267
*Corresponding Author: Iswanto, Email: iswanto_te@umy.ac.id
Article History: Received:Nov 02, 2019, Accepted: Dec 28, 2019



