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Ensuring the safety of infants around swimming pools or hazardous areas can be tasking 

for caregivers and their parents. Providing safety devices that can keep track of infants 

and prevent them from going to unauthorized locations is very necessary. The study aims 

to design and implement an infant safety system that uses a Piezoelectric sensor. The 

paper constructed a system to alert parents of an infant's attempted entry into a dangerous 

area, such as balconies and swimming pools, and it also incorporated an automatic door-

locking system around the location. The Piezoelectric Sensor Infant Monitoring System 

was designed to enhance infant safety at home. The system utilized piezoelectric 

transducers and pressure sensors, incorporating an automatic door to secure unauthorized 

zones. Components like Arduino Nano, an LCD, and a buzzer were used to create the 

prototype. The device was designed to harvest energy by converting mechanical energy 

from ambient vibrations into electrical energy that will send signals to the GSM module, 

alerting the homeowner by sending a call. The model adopts the technology of pressure 

control, and when the pressure reaches a set value and the dial of the scale reaches a 

specific value simultaneously, the automatic door will open. The device is designed to 

harvest energy by converting mechanical energy from ambient vibrations into electrical 

energy that will power the motor of the automatic door of the safety system. The test 

proved the system's effectiveness in accurately detecting and blocking an infant, but it 

only grants access to authorized individuals while alerting caregivers. The results 

demonstrated improved child safety, responsible parenting, and a secure environment. 

The Piezoelectric sensor safety system offers a practical solution for enhancing infant 

monitoring for safety and preventing avoidable mishaps, thereby reducing infant mortality 

and morbidity in present times. The system can serve as a protection device for very busy 

mothers. 
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1. INTRODUCTION

Infant mortality is an ever-pressing issue in the world. There 

have been cases of infants drowning in swimming pools 

because of no supervision from adults or infants falling off 

balconies in their homes [1-3]. Physical risks, poor home 

quality, externalizing destructive behaviors, low 

socioeconomic level, and lingering maternal depressive 

symptoms have all been identified as risk factors for housing-

related injuries [4-7]. 

One of the biggest causes of infant accident fatality in 

homes is drowning [8, 9]. According to studies on pool 

drownings conducted, children under the age of ten drowned 

more frequently in Californian cities or regions with greater 

median family earnings [10, 11]. From research, it is noted that 

the higher drowning rates in more affluent neighborhoods are 

probably caused by increased exposure to residential (private) 

swimming pools. However, income in the study was not 

substantially associated with the drowning rate. 

Parents and guardians sign their kids up for swimming 

lessons and other swimming-related activities to reduce the 

risk of drowning [11, 12]. A baby playing in a pool can 

develop their swimming skills after learning to swim, pick up 

a variety of other aquatic abilities, and learn how to handle 

potentially dangerous situations [12]. Three main factors 

contribute to drowning in swimming pools: they are a lack of 

swimming ability, reckless behavior, and medical conditions 

[13, 14]. Children drowning is one of the constant tragedies 

that can occur in the home, which is made much more horrible 

by the fact that it was utterly preventable [15, 16]. An earlier 

study conducted in hospitals found that many infants and 

toddlers suffered severe burns from electric kettles and pots in 

the kitchens, another area where children should not be 

allowed [17]. Piezoelectricity is the capacity of certain 

materials, whether naturally occurring or artificially structured, 

to accumulate and dispense electric charges in response to 

applied mechanical pressure. 

The proposed piezoelectric transducer infant safety system 
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deployed a sensing control device used for automatic doors in 

buildings. The model adopted pressure control technology, 

and the automatic door will open when the pressure reaches a 

set value. The prototype model can work for a long time and 

is especially suitable for infant safety in balconies in homes, 

swimming pools, etc. 

In the study of Ibrahim et al. [18], the authors use a 

Raspberry Pi device to create an advanced and efficient baby 

monitoring system. The system addressed various aspects of 

monitoring an infant, including playback of recorded audio, 

real-time video and audio streaming, room humidity and 

temperature measurement, and detection of the baby's 

wakefulness. The primary goal was to monitor the baby using 

a camera, microphone, speaker, and sensor to accurately assess 

the ambient temperature and humidity. One of the 

shortcomings was that the system's reliance on recorded audio 

playback might not effectively mimic the soothing presence of 

a caregiver. Also, babies often seek comfort and reassurance 

from human interaction, which may not be adequately 

provided through audio playback alone. Franklin and Peden 

[19] carried out a study on drowning prevention in children, 

and the study noted that drowning can be prevented by fencing 

a dangerous area. Despite the fact that child pool mortality has 

considerably dropped in areas where pool fencing is enforced, 

open gates, damaged fences, and inadequate gate-locking 

devices still give curious toddlers access. He et al. [20] 

presented a study on a highly accurate, intelligent real-time 

framework for detecting infant drowning using deep learning 

but did not give any physical solution to the study problem. 

Alotaibi [21] developed a highly reliable and efficient 

detection method that can identify and categorize things 

connected to drowning occurrences from a single image. The 

proposed system was designed to prevent drowning incidents 

by providing an intelligent and automated solution for 

monitoring swimming pool safety using the Internet of Things 

(IoT). The proposed system utilizes a powerful transfer-

learning-based model capable of extracting complex and 

meaningful features from the captured image. Fang et al. [22] 

introduced an innovative vision-based infant monitoring 

system to provide caregivers with a comprehensive solution 

for ensuring the safety and well-being of infants. The system 

utilizes input videos captured by a PT (Pan Tilt) IP (Internet 

Protocol) camera strategically positioned at a high point within 

a room to obtain a wide field of view. 

In the study of Lee et al. [23], artificial intelligence (AI) 

technologies and the Internet of Things (IoT) were deployed 

for infant safety at home, but the system was only virtual. 

Hence, to fill in the gaps identified in literature, this study 

now incorporates a piezoelectric sensor-controlled device into 

the proposed systems, thereby reducing the drowning rate by 

restricting infant access to the pool without adult supervision. 

The transducer was also referred to as a sensor in this study. 

 

 

2. MATERIALS AND METHODS 
 

The system design consists of various components 

interconnected to perform the desired functions, which include 

the power supply, a DC power source connected to the 

Arduino NANO microcontroller, the dial scale, piezoelectric 

sensors, LCD, solenoid Lock, Buzzer, and GSM module. 

Figure 1 illustrates the block diagram of the Piezoelectric 

Sensor Safety System for Infants. 

 
 

Figure 1. Block diagram of the piezoelectric sensor safety 

system 

 

2.1 Complete system layout 

 

Figure 2 illustrates the circuit diagram of the circuit 

simulation on Proteus software. The circuit diagram shows 

how the various components of the system were 

interconnected, enabling the system to recognize when weight 

is being applied to the piezoelectric tile, notify the homeowner, 

turn on the buzzer, and regulate the solenoid lock based on the 

weight threshold. The power supply source was connected to 

the Arduino NANO microcontroller and other components in 

parallel. The microcontroller is the brain of the system and 

controls and acts as the system's central control unit, 

coordinating the operations of each component. The Arduino 

NANO microcontroller receives input from the piezoelectric 

sensor and the infrared sensor mounted on the dial scale. Based 

on the input signals, the microcontroller makes decisions to 

activate the buzzer, GSM module, LCD, and solenoid lock. 

The GSM module was connected to the Arduino NANO 

microcontroller using serial communication. The solenoid 

lock was connected to a relay controlled by a microcontroller's 

digital output pin. This power supply was stepped down from 

the AC mains of 240V to 24V and is then regulated 12V 

needed by the Solenoid lock. A power supply of 12V powered 

the Buzzer alarm and solenoid lock. The piezoelectric 

transducer is connected to one of the analog input pins of the 

microcontroller. The LCD was connected to the 

microcontroller using parallel communication to display and 

provide information about the system's access status. The 

buzzer is connected to a digital output pin of the 

microcontroller. The solenoid lock is connected to a relay, 

controlled by a microcontroller's digital output pin. The 

resistors and capacitors were used for voltage regulation, 

current limiting, and noise filtering to ensure stable operation 

of the components by deploying Eqs. (1)-(4). 

 

C =
It

V
 (1) 

 

t =
1

4f
 (2) 

 

V = √2Vrms − Vd (3) 

 

C =
1

4f√2Vrms − Vd
 (4) 

 

Figure 3 illustrates the flowchart of the system's operational 

procedure, showing the relationships between the system and 

components and clearly analyzing the sequential procedures 

needed to carry out its functioning. 
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Figure 2. System design circuit diagram 

 

 
 

Figure 3. Flowchart of the system operations 

 

2.2 System hardware design 

 

The hardware assembly phase of the piezoelectric 

transducer safety system involved carefully integrating and 

connecting various hardware components to develop a fully 

functional system. 

 

2.2.1 Piezoelectric sensor 

A Piezoelectric Sensor operates on the piezoelectricity 

principle. When stress is applied, the ions within the material 

shift towards one conductive surface while moving away from 

the other. The piezoelectric sensor was a vital system 

component designed to sense the weight of an infant stepping 

on the designated tile. It converts mechanical stress into 

electrical signals, allowing for accurate weight measurement. 

Figure 4 shows a piezoelectric sensor. 

 
 

Figure 4. Piezoelectric sensor 

 

2.2.2 Dial scale 

A bathroom scale was converted into an electrical device to 

act as a mechatronic sensor. The dial weight scale was 

incorporated to provide a platform for infants to step on, 

enabling the piezoelectric sensor to measure their weight. The 

dial scale ensured a consistent and reliable weight 

measurement mechanism. Figure 5 shows the dial scale with 

the curved construction used to replace the scale pointer. 

 

 
 

Figure 5. Dial scale with the curved construction 

 

2.2.3 Arduino NANO 

The Arduino Nano microcontroller was essential in 

designing and implementing the piezoelectric intelligence and 

functionality to ensure the system operates effectively. Figure 

6 shows the Arduino NANO. The microcontroller kit connects 

digital devices with components that sense and control objects 

in the physical world [24, 25]. The Arduino was pre-

programmed with a boot loader that simplifies the uploading 

of programs to the on-chip flash memory. It is a compact, 

breadboard-friendly board based on the ATmega328 processor 

with a type B USB [26, 27]. 

 
 

Figure 6. Arduino NANO microcontroller 

 

2.2.4 Relay module 

Relays are electromechanical switches that can handle high 

currents or voltages and are commonly used to control circuits 
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that operate at different power levels. In the design, the relays 

served as switching mechanisms that enabled the 

microcontroller to control various actions based on the 

detected weight on the piezoelectric tile. Specifically, it was 

used to control the activation or deactivation of the solenoid 

lock and the buzzer. Figure 7 presents the used Relay Module. 

 

 
 

Figure 7. Relay module 

 

2.2.5 SIM800L GSM module 

The GSM module was responsible for communication 

purposes. SIM800l GSM Module was deployed in the study to 

send a warning message to a pre-describe phone [28, 29]. The 

module component was used to interface the microcontroller 

with the piezoelectric transducer. Figure 8 presents the GSM 

Module. 

 

 
 

Figure 8. GSM module 

 

2.2.6 Solenoid lock 

The solenoid lock was deployed to serve as a mechanism to 

control access to a designated area, door, or dangerous area. 

Its primary purpose was to provide security and restrict 

unauthorized entry. Figure 9 shows the solenoid lock. 

 

 
F 

Figure 9. Solenoid lock 

 

2.2.7 LCD screen (16×2) 

Liquid Crystal Display (LCD) was a visual output 

component that provided a convenient and user-friendly 

interface for displaying important information, status updates, 

and system feedback. The LCD showed the status of the 

detection sensor and any other action the microcontroller took. 

With the LCD, the system provided real-time information 

about various aspects, such as the weight readings from the 

piezoelectric transducer and system status messages. Figure 10 

shows the LCD Screen. Table 1 represents the LCD 

specifications. 

 

 
 

Figure 10. LCD screen 

 

Table 1. LCD specifications 

 
LCD Backlight Colour Yellow Green 

Display Type 16×2 character 

Dimension 58.0×32.0×10.0 

Onboard Controller SPLC780D 

Character 2.96×5.5 

 

2.3 System software design 

 

The code was written using the Arduino programming 

language to implement the desired functionality, involving 

variables, functions, and control structures to handle sensor 

inputs, process data, and trigger appropriate actions. The code 

was structured to interact with the hardware components, such 

as reading sensor values from the piezoelectric transducer and 

infrared sensor, sending signals to the GSM module, and 

controlling the buzzer and solenoid lock. 

Figure 11 illustrates the Arduino IDE. 

 

 
 

Figure 11. Screenshot of the Arduino IDE 
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2.4 System implementation 

 

The hardware and software components were integrated. 

This involves connecting the Arduino microcontroller with the 

various modules. The LCD system provided real-time 

information about various aspects, such as the weight readings 

from the piezoelectric transducer and system status messages. 

This allows users to easily monitor the system's behavior, 

make informed decisions, and ensure the smooth operation of 

the overall infant safety system feedback to the user. The buck 

converter was used to stabilize the voltage from the 

piezoelectric transducer and helped to prevent voltage 

fluctuation in the input voltage from affecting the 

microcontroller's performance, which is required for the 

proper operation of the Arduino NANO microcontroller, 

which operates at 5V DC. The system implementation started 

from the power supply; a DC power source was connected to 

the Arduino NANO microcontroller and other components in 

parallel. The grid of several piezoelectric sensors was 

connected to the dial scale in series and parallel connections, 

which is then connected to the input pin of the Arduino NANO 

microcontroller. The microcontroller receives input signals 

from the piezoelectric sensors. The pointer of the scale was 

replaced with a curved construction. Based on the input signals, 

the microcontroller decides to activate the buzzer, GSM 

module, LCD, and solenoid lock connected in parallel to the 

microcontroller. The solenoid lock was connected to a relay, 

which is controlled by a digital signal from the output pin of 

the microcontroller. A separate power supply powered the 

buzzer alarm and solenoid lock as 12V is selected to excite 

these devices. The power supply was stepped down from the 

AC mains of 240V. The hardware connections were verified, 

and the software functionalities were tested to ensure proper 

communication and interaction between all system 

components. Figure 12 presents the hardware components 

assembly. 

 

 
 

Figure 12. Hardware components assembly 

 

2.5 System operation 

 

The system was designed to function in two scenarios. In 

the first scenario, when an infant is below 40 kg and steps on 

the piezoelectric tile, it senses the weight applied to it, 

generating an electrical signal proportional to the weight. The 

microcontroller then processes this signal. The 

microcontroller receives the weight information and sends a 

signal to the relay, which activates the buzzer to provide an 

audible alert. At the same time, the relay keeps the solenoid 

lock closed, preventing the door from being opened and 

ensuring the infant's safety. The purpose of keeping the 

solenoid lock closed in this scenario is to ensure the safety and 

security of the infant. By keeping the door locked, the system 

prevents the infant from entering or exiting the area without 

adult supervision, thus reducing the risk of accidents or 

unauthorized access. The microprocessor also sends a signal 

to the GSM module by activating the GSM module and buzzer. 

The GSM module then initiates an SMS to the homeowner, 

notifying them of the infant's presence at a dangerous point for 

immediate attention. 

In the second scenario, when an adult weighing above 40kg 

steps on the piezoelectric tile mounted on the dial scale, the 

microcontroller triggers the relay to open the solenoid lock. 

The scenario allows the door to be unlocked, allows the adult 

to pass through, and provides access to the designated area for 

authorized individuals. 
 
 

3. RESULTS AND DISCUSSION 
 

System tests were conducted to eliminate design and 

implementation flaws that may have occurred during 

development and to verify its proper operation. The study's 

results demonstrate the successful implementation of an infant 

safety system using various system components. The circuit 

design effectively detects weight applied to the piezoelectric 

tile and takes appropriate actions. The system accurately 

differentiates between infants and adults based on the weight 

threshold and obstructing the infrared sensor. 

 

3.1 System test 

 

The following tests were carried out on the system. 

 

3.1.1 Power supply testing 

The study also carried out a power flow test on the system. 

Figure 13 shows the power supply testing. 

 

 
 

Figure 13. Power supply test 

 

3.1.2 Solenoid lock testing 

The solenoid lock receives the activation signal, which 

causes it to operate. The solenoid lock undergoes a mechanical 

process, either unlocking or remaining closed, based on the 

activation signal received from the microcontroller. Figures 

14(a) and 14(b) show the testing results from the solenoid lock. 

The LCD visually checks the solenoid lock's physical 

condition to ensure it corresponds to the desired behavior. The 

result in Figure 14(a) shows that when the solenoid lock is 

unlocked, access is granted to the designated area, while in 
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Figure 14(b), when the solenoid lock is locked, access is 

denied. 

 

 
(a) 

 

 
(b) 

 

Figure 14. Testing of the solenoid lock 

 

3.1.3 Complete system prototype testing 

When an infant steps on the scale, the system triggers an 

alert, activating the buzzer to generate an audible alarm. 

Simultaneously, it sends an SMS alert to the homeowner via 

the GSM module, providing real-time notification of the 

situation, and on the LCD is displayed 'ACCESS DENIED 

DOOR LOCKED' as shown in Figure 15. Figure 16 shows the 

image of the SMS alert sent to the homeowner. 

 

 
 

Figure 15. View from the system when an infant steps on the 

scale 

3.1.4 Communication with user through the GSM module 

The test for communication with the user was done with the 

aid of the GSM module, and it was observed that every step of 

the operation process was closely disseminated to the user's 

mobile number registered with the system from the coding. 

The user's mobile received a phone SMS alert whenever an 

infant attempted to access the restricted areas. 

 

 
 

Figure 16. Screenshot of the SMS alert 

 

Figure 17 presents the result from the demonstration when 

an adult steps on the tile. The system recognizes the weight to 

be greater than 40kg, the solenoid lock is activated and 

unlocked, and access is granted to the designated areas. The 

LCD displays "ACCESS GRANTED DOOR UNLOCKED."  

The results demonstrate the feasibility and effectiveness of 

using a piezoelectric transducer-based safety system to prevent 

accidents and promote infant safety in residential 

environments. This system offers a reliable and automated 

solution for parents and guardians to monitor and control 

access, reducing the risks of accidents and ensuring the well-

being of infants. 

 

 
 

Figure 17. View from the system when an adult steps on the 

scale 
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4. CONCLUSIONS 

 

The study developed: "Piezoelectric Transducer Infant 

Monitoring System" was a comprehensive solution to ensure 

the safety and well-being of infants in dangerous environments. 

The designed system integrated a piezoelectric transducer, 

microprocessor, GSM module, buzzer, solenoid lock, and 

LCD display to effectively monitor the weight of infants 

stepping on a designated tile. Upon sensing the weight, the 

system decides whether to allow access or not. The system 

effectively monitors the weight of infants stepping on a 

designated area. The study's impact is evident in its 

contribution to infant safety monitoring. It provides parents 

and homeowners with a reliable and advanced system that 

enhances infant safety, reduces risks, and offers peace of mind. 

This study presents a prototype for a system that provides 

users the capability to effectively control and monitor infants 

around dangerous environments such as the summing pools. 

The prototype solution aims to promote a safe environment 

that reduces the risk for infants and financial resources by 

employing more caregivers at home for the end user. Hence, 

the prototype is practically feasible to deploy and install. The 

device is user-friendly in the senses, and none of its 

components are dangerous to handle, implement, and use. This 

feature could ensure that the system remains functional and 

can continuously monitor and give alerts even during power 

fluctuations or failures. Incorporating a battery backup system 

to ensure continuous operation and data integrity in the event 

of a power outage or disruption could be a step toward future 

advancements in infant monitoring. 
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