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Abstract: In this study, a real-time infant monitoring system by using android-based mobile devices is developed and 

implemented in order to be used especially for hard of hearing parents. An Arduino Leonardo board has been used in 

the system design along with body temperature sensor, sound detection sensor, finger heartbeat detector, and humidity 

sensor. In order to notify alarm conditions to the parents, an android-based application has been developed. It is 

observed that the data collected from the sensors are monitored in real-time and the alarms are set off successfully 

when abnormal conditions occurred. 

Keywords: Infant monitoring systems, hard of hearing parents, microcontroller and android-based application. 

  
1. Introduction 
 

Recently, with the development of technology, 

home healthcare and remote monitoring of 

physiological data have gained importance. It is a 

popular implementation to track home healthcare of 

patients, particularly babies.  

An infant monitoring system basically includes 

sensors and a microcontroller. A biomedical sensor 

device is capable of sensing several vital physiological 

and physical data (ECG, body temperature, SpO2, 

heartbeat, blood pressure, wetness etc.) from human 

bodies or environment and sending them to the 

microcontroller by using analog or digital outputs. It is 

important that the monitoring system generates alarms 

in abnormal conditions. Various wireless infant 

monitoring systems were previously proposed for 

different purposes [1-13]. 

One of the most important physiological data to 

track in such monitoring systems is body temperature, 

i.e. infant fever. Changes in body temperature of babies 

have a key role in the diagnosis and treatment of 

diseases. In particular, rapid febrility in babies can 

cause vital damage. Therefore, the body temperature 

should be continuously monitored. The inability to 

adjust the temperature of the environment may cause 

excessive perspiration or cooling for premature or 

weak-born babies. The maximum body temperature 

range should be 36-38 oC for these babies. Another 

crucial parameter to track is heartbeat rhythms. Cardiac 

arrhythmia can cause sudden deaths of infants [4], so 

continuously monitoring of the infant's heartbeat 

rhythm may be required. A finger heartbeat sensor is a 

low-cost, noninvasive and user-friendly device for 

monitoring heartbeat rhythms. It is also important to 

monitor bedwetting and perspiration of babies. When the 

parents are too late to intervene to bedwetted babies, 

intertrigo problems may emerge. In this case, the baby may 

be unrestful, sleeping disorders and febrility may occur. 

Excessive perspiration may cause the infant be dehydrated, 

resulting in illness or exacerbation of existing disease. In all 

of those cases, the sound level of baby crying is a kind of 

natural alarm. In particular, the detection of a baby crying is 

therefore very important especially for hard of hearing 

parents. 

The major advantage of homecare systems for infant 

monitoring is that these systems can automatically collect 

physiological data without the requirement for parents to 

constantly check infants, and can generate an alarm for 

abnormal conditions. It is easy for healthy parents to react 

immediately to those alarm conditions. However, it may not 

be possible for hard of hearing parents to react a baby 

crying or a voice alarm instantaneously. Therefore, alarm 

notifications must be visual or vibrant for those parents. 

In this study, a real-time infant monitoring system by 

using a microcontroller and android-based mobile devices 

is developed and implemented in order to be used 

especially for hard of hearing parents. With the developed 

system, the physiological signals collected from an infant 

body are continuously monitored, and an alarm is generated 

in abnormal conditions. An Arduino Leonardo board has 

been used in the system design along with a body 

temperature sensor, a sound detection sensor, a finger 

heartbeat detector, and a humidity sensor. In order to notify 

alarm conditions to those parents, an android-based 

application which is executable on all Android-based 

smartphones has been developed. Notification of alarm 
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situations has been successfully provided via a 

vibrating smartwatch, SMS, and LEDs (Light Emitting 

Diode) using Arduino board and android-based 

applications. The experimental studies show that the 

developed system provides a time-saving 

implementation for home care infant monitoring 

systems.  

The paper is organized as follows: In section 2, 

components and architecture of the developed system 

are explained, and the design and implementation of 

the system are presented in section 3. The paper is 

concluded in section 4 with final remarks.  

 

2. System Architecture 
 

The real-time infant health monitoring system for 

hard of hearing parents has been designed and 

implemented by using Arduino Leonardo boards and 

android-based mobile devices. The developed system 

includes sensors, an android-based smartphone, a 

vibrating Smartwatch for those parents, and a 

microcontroller that evaluates the received data from 

the sensors and generates an alarm when emergency 

conditions occur. It is important to note that an the 

android-based application namely “Infant Monitoring” 

has been developed in order to send alarm events to 

Smartwatch. The architecture of the system is 

illustrated in Figure 1. 
 

 
 

Figure 1. Infant monitoring system for hard of hearing 

parents 

 

In the following, components of the developed 

system are explained in detail. 
 

2.1. Components of the System 
 

The system consists of several components; 

 

 Atmega32u4 microcontroller on Arduino 

Leonardo board  

 LCD screen  

 Android smartphone 

 Vibrating smartwatch 

 HC-05 Bluetooth module 

 Body temperature sensor 

 Finger heartbeat sensor 

 Humidity sensor 

The Arduino Leonardo development board have been 

used to collect data from the sensors and evaluates these data 

to create cases which trigger the alarm. It is a 

microcontroller board based on the Atmega32u4. It has 20 

digital input/output pins (of which 7 can be used as PWM 

outputs and 12 as analog inputs) which enable to collect and 

process many physiological data [14]. 

In order to monitoring body temperature of the infant, a 

waterproof version of the DS18B20 temperature sensor 

have been used [15]. The analog body temperature raw data 

collected from the sensor is converted into the actual 

temperature data using a microcontroller.  

The KY-039 finger heartbeat sensor compatible with 

Arduino boards has been used to monitor the infant 

heartbeat. The sensor consists of two components, namely 

an infrared phototransistor (sensor) and an infrared LED 

(IRLED). The heartbeat is obtained according to the 

amount of light passing through the finger between the 

IRLED and the sensor [16].  

The T1592 humidity sensor has been used for wetness 

sensing. This sensor can be used to monitor both infant 

bedwetting and perspiration.  

The KY-037 sound detection sensor has been used in 

order to detect baby crying. Sound detection sensor has two 

outputs: Analog output (A0) is real-time microphone output 

port. D0 port generates a high and low-level signal when 

the sound volume reaches the threshold. The threshold-

sensibility can be adjusted via the potentiometer on the 

sensor.  

Bluetooth is a wireless standard (IEEE standardized 

Bluetooth as IEEE 802.15.1) for exchanging data over short 

distances (using short-wavelength UHF radio waves in the 

ISM band from 2.4 to 2.485 GHz) from fixed and mobile 

devices. The HC-05 Bluetooth module has been used for 

the notification of alarm situations to send wireless to the 

parents via the android-based smartphone [17].  

Smartwatch has been used to inform parents with a 

vibration alarm. This device is able to communicate with 

the android-based smartphone via Bluetooth technology. 

Before using this device, “Bluetooth notice” 

(BTNotification) application is required to be installed on 

an android-based smartphone in order to automatically 

synchronize the device. Smartwatch has a user interface to 

display “message” and “remote notice” from a smartphone. 

Additionally, it is able to receive notification of each 

application or send a reminder, including SMS alerts, and 

other messages/reminders. The Smartwatch can be charged 

via micro USB and can standby time up to 120 hours. This 

low-cost device with vibration features is an ideal choice in 

the notification of the parents.  

 

3. Design and Implementation 
 

We now present experimental studies the developed 

system by using aforementioned components and the 

android-based application. Experimental studies of infant 

health monitoring system for hard of hearing parents have 

been carried out in a laboratory environment and 

physiological data was collected from an adult.  
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Figure 2. Hardware connection diagram 

 

3.1. Hardware Design 
 

The microcontroller performs three important 

functions; converting the physiological data collected 

from the sensors to digital raw data, generating an 

alarm using digital raw data according to the 

determined conditions, and providing notification to 

the parents. In this context, the hardware connection 

diagram and microcontroller process procedure of the 

developed system are depicted in Figure 2. 

As shown in Figure 2, the sensors (i.e. body 

temperature, finger heartbeat, humidity, sound 

detection sensors) are connected to the Arduino 

Leonardo board via analog inputs. Body temperature 

sensor is attached either to the armpit or finger of an 

infant for accurate measurement results. The humidity 

sensor can be used for two purposes; detecting 

bedwetting or perspiration. It is placed in the infant's 

nappy for bedwetting detection, and on the back of 

infant for perspiration detection. Heartbeat data is 

collected by attaching the finger heartbeat sensor to the 

infant’s finger. Sound detection sensor is placed at a 

distance to the infant for baby crying detection.  

In the microcontroller firstly the physiological data 

collected from the sensors are converted to digital raw 

data using analog-digital converter (ADC) module. 

ADC module resolution is 10 bits in the Atmega32u4 

microcontroller. The raw data collected from the 

sensors displayed on the LCD screen are normalized 

considering real values. For example, while the infant 

body temperature is 36 degrees, the raw data values 

obtained from the sensor is 75. By the normalization 

process, the raw data value of 75 is converted to the 

real value of 36 degrees. 

 

 

The process after conversion of the analog data to 

normalized digital data is the determination of the 

alarm conditions. Special alarm conditions have been 

determined according to the data collected from 

sensors in order to alert the family in abnormal 

situations. The digital data is compared with the 

corresponding threshold values for alarm conditions. A 

character code has been assigned for each alarm 

condition. The codes, cases, and conditions of the 

alarms are given in Table 1.  

 
Table 1. Alarm codes and alarm conditions 

 

 Alarm 

code 

Alarm Causes Alarm 

Condition 

1 A High heartbeat >135 bpm 

2 B Low heart beat <80   bpm  

3 C High body temperature >38    oC 

4 D Low body temperature <34    oC 

5 E Bedwetting or perspiration Wetness 

6 F Baby crying Threshold 

value 

exceeded 

15 times 

 

It can be seen from Table 1 that alarm conditions 

are generated if the infant’s fever reaches 38 oC (alarm 

code “C”) or falls below 34 oC (alarm code “D”). 

Alarm conditions for the data obtained from the finger 

heartbeat sensor have been determined for high 

heartbeat (alarm code “A”) or low heartbeat (alarm 

code “B”) in accordance with the age range of infants. 

For example, the 0-5 month baby's heartbeat is 100-160 

bpm (bit per minutes), 6-12 months baby's heartbeat is 

80-140 bpm [2]. In this study, the boundary values are 
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chosen 80-135 bpm (1-3 years age) bpm for alarm 

conditions. The alarm thresholds have been determined 

under different conditions in the detection of 

bedwetting and perspiration. An alarm is generated 

when the wetness level reaches different threshold 

values for bedwetting or perspiration detection (alarm 

code “E”). For baby crying detection, a sound level 

threshold is prescribed. If this threshold is exceeded 

continuously (e.g. more than fifteen times) in a 

specified time duration (e.g. 10 sec), an alarm is 

generated (alarm code “F”). This mechanism avoids 

any false alarms in case of short duration and/or low-

level sound changes.  

The last process performed by the microcontroller 

is to notify the alerting cases to the parent. In the event 

of an alarm, both the related LED blinks and the related 

alarm code is displayed on the LCD screen. At the 

same time, alarm information is sent to the android-

based smartphone via Bluetooth module to notify the 

vibrating Smartwatch. The parents can manually turn 

the alarm off by pressing a related button. Figure 2 

shows the LCD screen for a high heartbeat, high body 

temperature, and bedwetting or perspiration alarm 

conditions. 

 In the next section, the developed android-based 

application for notification of alarm cases to those 

parents is introduced and explained in detail.  

 

3.2. Android-based Application  
 

We now introduce the android-based application, 

an important component of the developed system. 

Android is a mobile operating system developed by 

Google, based on the Linux kernel and designed 

mainly for touchscreen mobile devices such as 

smartphones and tablets. In this study, a user interface 

on the android-based application has been developed 

that performs several functions to notify the parents of 

alarm conditions. The android-based application was 

developed in the App Inventor web application. The 

prime advantage of the developed application is that it 

can work on all Android phones and not only just on a 

special phone. App Inventor for Android is an open-

source web application originally provided by Google 

and now provided by the Massachusetts Institute of 

Technology (MIT) [18]. The android application is 

connected to Arduino Leonardo board via  Bluetooth 

module. When it receives alarm information from the 

Arduino, the android application sends an SMS 

containing alarm information to the parents.  At the 

same time, the phone vibrates and gives an alarm 

message for a second. The application user interface is 

shown in Figure 3. 

 

 

 
Figure 3. Android application user interface 

 

As shown in Figure 3, there are two buttons on the 

user interface of application related to the Bluetooth 

connection. Bluetooth connection defaults to “Not 

Connected”. When the Bluetooth button (blue icon) is 

clicked, active Bluetooth devices in the vicinity of the 

smartphone are listed. After the HC-05 Bluetooth 

module is selected, Arduino Leonardo, is connected to 

the smartphone via Bluetooth and "Connected" is 

displayed (green text color) on the application screen. 

If the disconnect button (black-white icon) is clicked, 

the Bluetooth is disconnected and "Not Connected" is 

displayed (red text color) again on the application 

screen. With “BTNotification” application, it is 

possible to synchronize smartphone with smartwatch 

via Bluetooth. So when there is a notification on the 

smartphone, the smartwatch vibrates. 

In the event of any alarm, the microcontroller 

system sends an alarm code to the android-based 

application via Bluetooth. When this code is received, 

the alarm notification procedure is activated in the 

application. A “Message Dialog Box” notification is 

generated according to the incoming alarm code and 

the smartphone vibrates for one second. The 

corresponding alarm information is displayed in the 

message box. At the same time, an SMS (containing 

the alarm condition) is sent to the previously defined 

(parents’) phone numbers. The SMS provides a 

vibration by creating a notification on the smartwatch 

synchronized to the smartphone via Bluetooth. The 

android-based application and smartwatch screen for 

baby crying and bedwetting alarm is shown in Figure 4 

and Figure 5, respectively.  
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Figure 4. Smartphone and smartwatch screen for baby crying 

alarm 

 

 
 

Figure 5. Smartphone and smartwatch screen for bedwetting 

alarm 

 

As shown in Figure 4 and Figure 5, in the case of 

an alarm, the related button background color changes 

in the "Alarm Type" section, and the previously 

invisible "Alarm Off" button becomes visible. When 

the "Alarm Off" button is clicked, information related 

to closing the alarm is sent to the microcontroller via 

Bluetooth and the alarm is deactivated and the related 

led is turned off. In the application, the related button 

returns to the previous state and the "Alarm stop" 

button becomes invisible again. The aim of the 

notifications is to inform the parents in case of any 

alarm. According to the alarm, the parents can either 

treat the baby themselves or take it to a medical center. 

 

4. Conclusions 
 

In this paper, we have presented a real-time infant 

monitoring system for hard of hearing parents, 

consisting of sensors (finger heartbeat, body 

temperature, humidity and sound detection), a 

microcontroller and android-based mobile devices 

(smartphone and smartwatch). In particular, a system 

has been developed that monitors both physiological 

data collected from infants and creates alarms for 

abnormal conditions.The designed and implemented 

system, developed on the Arduino Leonardo board, has 

been used in order to data collect data from the sensors 

and to create alarm cases by evaluating these data.  

Low-cost vibrating Smartwatch compatible with 

android-based smartphones has been used for 

notification of alarms to the parent. From the 

implementation results, it is observed that the data 

collected from the sensors are monitored real-time and 

that the alarms determined when abnormal conditions 

occur are notified successfully.  

The implemented system is designed as an open 

system for improvement and other desired sensors can 

be easily added to the system. This study can be used 

not only for hard of hearing parents but also for healthy 

parents. In addition, the developed system, which is 

suitable for monitoring adult patients, can be used for 

general purposes. We remark that it would be useful to 

have some usability tests including an average of 

measurements (e.g. from 10 babies) for the purpose 

statistical evaluations of the proposed system, which 

will be considered as a future work.  
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