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Robotics has significantly advanced human evolution by optimizing tasks in
fields such as medicine, engineering, and mechanics, enhancing daily life
through various robotic prototypes. These innovations help prevent accidents
and injuries, whether at home or in hazardous environments. For instance,
sensors can detect gas leaks, fires, and other potential disasters. This
research aims to design a prototype adaptable to any home environment that
poses risks to infants, such as kitchens, bathrooms, or stairs. The proposed
prototype incorporates gas, motion, and sound sensors connected to a Wi-Fi
ESP 32 module, which alerts parents to any potential danger to their
children. The research is developed in six phases: component selection,
circuit simulation, prototype design, three-dimensional (3D) printing, code
programming, and final testing. The results demonstrate a positive impact,
improving the control and care of infants by alerting parents to hazards such

Sensors as gas leaks, crying, or movement in risky areas. The conclusion confirms
the effectiveness of the prototype in providing timely alerts to safeguard
infants in potentially dangerous situations.
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1. INTRODUCTION

Worldwide, injuries resulting from unintentional accidents are the leading cause of death in children
of pediatric age [1]. Most of these situations almost always occur within the home and in the context of child
development activities [2], such as crawling, running, jumping, and climbing, which represent a major public
health problem for different countries. According to figures from the World Health Organization (WHO),
around 100 children die every hour in the world, of which 90% of these deaths are the result of unintentional
injuries, thus indicating a high level of morbidity and mortality. Several studies have revealed that morbidity
and mortality rates derived from unintentional injuries occur more frequently in low- and middle-income
countries, which pay less attention to this type of problems, as opposed to developed countries, where the
numbers are not so high.

Meanwhile, in the Region of the Americas, six children or adolescents under 20 years of age die
every hour from unintentional injuries caused mainly by drowning and suffocation [3]. According to the
WHO world report on childhood injury prevention, other causes of unintentional injury deaths are associated
with brain injuries, falls and poisoning [4], insufficient supervision by parents or caregivers, as well as traffic,
thermal injuries and fire burns [5]. In some American countries, the socioeconomic level is a contributing
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factor that contributes to provide a higher accident and mortality rate in unintentional injuries involving all
ages of children.

In the case of Peru, the most common unintentional accidents in minors are falls, exposure to toxic
substances, ingestion of foreign bodies, fires, burns, explosions, and electrocutions. In terms of the physical
nature of the injury, these accidents can also be the most serious, because they can limit the activities of
infants, either in the short or long term. In relation to this, [6] and [7] state that, the Kitchen of all areas of the
home, turns out to be the most risky area, and where children should not enter, especially those under 2 years
of age, because there are usually dangerous elements, some sharp objects and others related to gas and
electricity home environments that may represent a danger. This will be achieved using gas, sound and
motion sensors, along with an ESP 32 Wi-Fi module.

Hence, nowadays, technological advances offer innovative solutions for monitoring children, such
as sensors [8], [9] that have become valuable tools in this field, because these intelligent devices monitor and
control the welfare and safety of children, providing peace of mind to parents by improving the efficiency
and quality of parenting [10], [11]. This situation motivated the development of an electronic safety system
for children of pediatric age, capable of warning and preventing possible accidents, especially when the
infant begins to move independently [12]. In this sense, this prototype will serve as a support for the care and
prevention of children in different home environments that may represent a danger. This will be achieved
using gas, sound and motion sensors, together with an ESP 32 Wi-Fi module.

Based on the problems raised, the objective of the proposed prototype will seek to reduce the
number of accidents and unintentional injuries among children, such as falls, burns, blows, cuts, and
poisoning in spaces within the home identified as prone to risks. All this together with the fact that as
children grow older, they develop greater mobility. The aim is to prevent future accidents or injuries, and at
the same time, to offer a better quality of life and peace of mind to parents and caregivers.

2. MATERIALS AND METHODS

The sensors integrated in the prototype will be in charge of detecting the child's movement,
especially if the child enters areas considered as dangerous inside the house. The prototype will facilitate the
detection of sounds in situations where the child cries or screams due to a blow or fall. In addition, it will also
identify possible toxic gas leaks in the kitchen, responding to any anomaly in the environment [13]. It should
be noted that all these sensors will be controlled by an ESP 32 development board with a Bluetooth Wi-Fi
module [14], [15].

For the programming of these electronic components, use was made of the Arduino platform, which
facilitated the development, integration of sensors and ESP 32 module. As for the design, the prototype was
designed in Blender software in order to locate all the aforementioned components [16]. Similarly, use was
made of Tinkercad, a free online tool [17] where electronic circuit simulations were performed to get an idea
of the operation and location of the electronic components used in this project. During the course of this
study, it was proposed to carry out the research in six stages or phases in order to understand the process of
component selection, circuit simulation, followed by prototype design, three-dimensional (3D) printing, code
programming and final testing of the prototype, which can be seen in Figure 1, which together will help
prevent child accidents in high-risk home environments.
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Figure 1. Prototype development phases

2.1. Electronic components selection phase

In Table 1, we find a list of electronic components selected for the construction of the prototype
designed to prevent accidents involving children in hazardous home environments. The components include a
passive infrared (PIR) sensor HC-SR501, a sound sensor KY-038, a gas sensor MQ-6, and an ESP32
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development board with Bluetooth and Wi-Fi module. These components have been chosen to ensure the
prototype effectively monitors and alerts parents to potential dangers in various home settings.

Table 1. List of electronic components

Electronic components Quantity
PIR sensor HC-SR501 1
Sound sensor KY-038 1
Gas sensor MQ-6 1
Esp32 development board with Bluetooth Wi-Fi module 1

2.2. Electronic circuit simulation

As previously mentioned, TinkerCad, an intuitive and easy to use software [18], was used to
simulate the electronic components, allowing to obtain an understanding of the design and operation of the
electronic components, as well as the Arduino coding and programming process. In this simulation, a PIR
sensor, a gas sensor and a temperature sensor and two resistors, one of them of 1k ohm and the other of 10k
ohm, were considered. Also, a liquid crystal display (LCD) screen was used that allowed the visualization of
the information emitted by the sensors, also a protoboard was used in which all the electronic components
were connected, including an Arduino one board [19].

Additionally, the use of this software made it possible to program the code in blocks, which
contributed to achieve a complete simulation during the testing of all the sensors. However, it is important to
point out that the tests were not carried out with all the original electronic components of the project because
the software lacked some elements, such as the ESP 32 development board with Bluetooth Wi-Fi module and
a sound sensor. That is why the tests were performed with some alternate components such as a temperature
sensor and a 16x2 Figure 2 LCD screen.
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Figure 2. Electronic simulation of components

In the code section of the TinkerCad web application, the programming of all the electronic
components was performed, as a first action the LiquindCrystal.h library was installed [20], which facilitates
the Arduino board to control the LCD display, as shown in Figure 3. Likewise, as part of the code, the integer
variables were defined and the configuration of columns and rows of the LCD display was performed.
Additionally, the input pins were established in order to guarantee all compatibilities. The commands to be
executed while the Arduino board is enabled were also incorporated. Finally, the value of the variables or
text indicated as parameter that each sensor will display on the LCD screen was printed.
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Text - ¥ = AL~ 1 (Arduino Uno R3) «
#include <LiquidCrystal.h>

int pirPin = 10;
4| int pir = 0 ;
int gas;

int temp ;

8| LiquidCrystal led(12, 11, 3, 4, 3, 2};

10| woid setup() {
11 pinMode (pirPin, INFUT) ;
12 led.begin(le, 2);

}

void loep() {
gas = analcgRead (20} ;
pir = digitalRead (pirPin};
temp = analogRead (R1);
lcd.home () ;
led.println(gas);
led.println(pir);

22 led.println (temp) ;

Figure 3. Simulation programming code

2.3. Prototype design and printing

The design of the case and hook of the prototype was worked in Blender software [21], a free open
source tool that allows the creation of 3D content through which the object can be shown in different contexts
[22], thus speeding up and improving the efficiency in the creation of the prototype [23]. As well as offering
a wide range of essential tools, including modeling, rendering, animation, among other functions that helped
in the whole process of elaboration of the design. On the other hand, being a multiplatform application, it is
compatible with various operating systems, such as Linux, MacOS and Windows.

Regarding the development of the case design, as shown in Figure 4, first the measurements of the
electronic components were taken, such as the PIR sensor HC-SR501 [24], the sound sensor KY-038, the gas
sensor MQ-6 and the ESP 32 development board with Bluetooth Wi-Fi module in order to design the
partitions where each electronic component should be located. Then, the cover of the case was made and as a
last step, the hook that will hold the case was designed. This specific design of the hook has been planned to
allow the case to adapt more effectively to different home environments, thus ensuring its versatility and
usefulness in different situations.

Figure 4. Design and modeling of prototypes in blender
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After completing the design phase of the case and the hook, both elements were printed [25]. As
shown in Figure 5, initially, the case and its lid were printed using a 3D printer. Then the hook part was
printed, as illustrated in Figure 6. The entire process ensured precise fabrication of each component, leading
to a successful assembly of the prototype.

Figure 5. Case printing Figure 6. Hook printing

2.4. Electronic components installation

Once the prototype parts were ready, the electronic components were soldered and placed in their
respective places inside the case, as shown in Figure 7. At this point, the sound sensor, the gas sensor and the
motion sensor were also installed, followed by the installation of the ESP 32 development board with
Bluetooth Wi-Fi module. Culminating with the realization of some tests with all the components installed.

Figure 7. Installation of sensors and ESP32

2.5. Code programming

In the development of the programming code for the electronic components, the ESP32-WROOM-
32E [26] is considered as a high performance and low power consumption microcontroller, which stands out
for its wide range of integrated functionalities. One of the most outstanding features is its wireless
connectivity capability, as it incorporates a dual-band (2.4 GHz/5 GHz) Wi-Fi system, making it possible for
the device to function as an access point (AP), station (STA) or both simultaneously. In addition to providing
a solid foundation for internet of things (loT) projects by facilitating wireless connectivity with local
networks or Internet connection.

The development of the prototype programming for the ESP 32 module, which incorporates motion
(PIR), sound (KY-038) and gas (MQ-5) sensors, was carried out in the Arduino IDE development
environment in its version 1.8.18 [27]. Subsequently, to enable the ESP 32 programming, the board manager
provided by Espressif Systems in its version 2.0.11 was installed and an additional URL for board
management was configured in the Arduino IDE interface: https://dl.espressif.com/dl/package_esp32_
index.json. As can be seen in Figure 8, manual installations of the required libraries were then performed,
including ESPAsyncTCP, AsyncTCP and arduinoWebSockets, essential to facilitate asynchronous
communication and WebSockets implementation on the ESP32.
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Figure 9 shows how the code was structured for the interaction with the sensors, such as the motion
sensor (PIR), the gas sensor (MQ-5) and the sound sensor (KY-038). In the setup function (), the initial
configurations were carried out, such as the definition of the sensor pins, the initialization of the serial
communication and the configuration of the ESP32 as a Wi-Fi access point.

The SPIFFS file system was also started, which is essential for storing and accessing the HTML file,
which represents the device's control interface. At this stage, the web server and WebSockets servers for
communication with the clients were also configured. By initializing the root path (/), it was established that,
when accessing this path, the server will respond by sending the main HTML file that has been previously
loaded, allowing the visualization and interaction with the device through a web browser, as shown in
Figure 10.

The HTML file, as the central element of the control interface, incorporates HTML tags, JavaScript
scripts and CSS styles. This interface enables the visual presentation of sensor data by configuring a
communication with the device server, allowing the transmission of information in real time through a web
browser. Next, there is the loop function (), which is the core of the program and is executed continuously.
In each iteration of the loop, the values of the motion, gas and sound sensors are read. If a change is detected
in any of the sensors, an alert message is sent through WebSockets with the text corresponding to the
detected event. It is worth mentioning that this development has been optimized to avoid the repetition of
alerts from the same sensor in short time intervals, thus facilitating real-time monitoring of the sensors, as
shown in Figure 11.

#inctude <WiFi.h>

#incfude <ESPAsyncWebServer.h>

#incltude <SPIFFS.h>
#include <WebSocketsServer.h>

Figure 8. Installation of libraries

motionPin 23;
gasPin 27
soundPin 32;

r server(80);
r webSocket(81);

lastMotionTime = @;
1z asTime = O;
lastSoundTime o;
alertinterval = 5000;
gasThreshold 3175;

handleWebSocketMessage ( , WStype payload, siz length)

setup()

pinMode(motionPin, INPUT);
pinMode (gasPin, INPUT);
pinMode(soundPin, INPUT);
Serial .begin(115200

WiFi.SoftAP("ESP32", "1
delay(5000) ;
Serial.println("softAP");
Serial.println(WiFi.softAPIP

Figure 9. Source code programming

if SPIFFS.begin(true))

Serial.println("Error al montar SPIFFS");

return;

server.on("/", HTTP_GET, Asynch verRequest *request
request—->send(SPIFFS, ndex.html”, "text/html")

server.begin();

webSocket .begin();

webSocket .onEvent (handleWebSocketMessage) ;

Figure 10. SPIFFS file system startup code
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1loop ()

motionValue = digitalRead(motionPin);
gasValue = analogRead(gasPin)
soundValue = digitalRead(soundPin);
currentMillis = millis();
if (motionValue = HIGH currentMillis - lastMotionTime >= alertInterval))

webSocket .broadcastTXT("motion_detected”
lastMotionTime = currentMillis;

if (gasValue > gasThreshold currentMillis - lastGasTime >= alertlInterval))

webSocket .broadcastTXT("gas_detected”);
lastGasTime = currentMillis;

if (soundValue = HIGH currentMillis - lastSoundTime >= alertlInterval))

webSocket .broadcastTXT("sound_detected”);
lastSoundTime = currentMillis;

webSocket.loop();
}

Figure 11. Loop function code

3. RESULTS AND DISCUSSION

Prototype final testing: At this point, the installation and testing of the sensors with all the electronic
components has been completed. Figures 12 and 13 show the complete prototype, with all its integrated parts
and the programmed code to guarantee its correct operation. Also, Figure 13 shows that the prototype has a
hook that facilitates its adaptation to different environments, seeking to improve the user's experience. It is
crucial to highlight that its design was focused on enabling the user to use it in areas of the home that could
pose a risk to the child, such as the kitchen, since the prototype is equipped with a gas sensor that can detect
possible leaks. As previously mentioned, the prototype has a motion sensor, which acts as a preventive
measure in case the child approaches the kitchen or other potentially dangerous areas. This versatility can
also be used in rooms where children may be exposed to risks such as bumps or falls. In addition, a sound
sensor alerts family members in case the infant cries, requiring attention or help.

Figure 12. Prototype A Figure 13. Prototype installed B

Figure 14 shows the start of the application, where the default IP address (192.168.4.1) is displayed
when configuring the access point. At this point, the information detected by the sensors is shown. This
feature improves the control of the prototype’s operation, allowing for real-time monitoring and adjustments.
The web interface provided by the ESP32 Arduino offers an intuitive way to interact with the prototype and
view the sensor data.

In Figure 15, it is evident that the prototype is working properly due to the motion detected by the
PIR sensor HC-SR501. This confirms that the user will be able to have more effective and careful control of
the child in the area where the prototype has been installed, along with the motion, gas, and sound sensors.
The precise detection of motion allows for quick alerts about any unexpected activity. Additionally, the
integrated system contributes to greater safety and peace of mind for parents by monitoring potentially
dangerous areas.
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Figure 14. ESP 32 Arduino web interfaces
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2023/11/65 03:42:33

Figure 15. Motion detected in the motion sensor

Similarly, the prototype was tested with the MQ-6 gas sensor, as shown in Figure 16, where the
system was able to detect the presence of a gas leak in a room of the house. This allowed the user to make
immediate decisions to prevent future accidents that could harm people's health, either by poisoning or fire.
The sensor's ability to detect leaks in real time is crucial for home safety. Additionally, the early warning
system facilitates prompt intervention to mitigate risks and protect occupants from potential hazards.

The same procedure was performed when evaluating the prototype with the KY-038 sound sensor.
In Figure 17, it is evident that the sensor has detected a sound, possibly from the infant's cry or some other
noise. This functionality allows the user to be alert and prepared for any eventuality in the home or
environment where the prototype is installed. The sensor's ability to identify and differentiate various sounds
adds an extra layer of security. Additionally, the system facilitates timely intervention by generating alerts for
unexpected noises that could indicate an emergency situation.

Figures 15 to 17, show that the implementation of a prototype designed to prevent children accidents
in risky areas of the home using gas, sound, motion sensors with ESP 32 Wi-Fi module has had a positive
impact, according to the results of the present research. Following the author's recommendation [27], the
importance of using the ESP32 module in the development of similar prototypes, as it highlights its
versatility and the various opportunities for expansion of the application by incorporating other sensors to
improve the monitoring and care of people.
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Figure 16. Gas leak detection
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Figure 17. Noise detection

4. CONCLUSION

From the implementation of a prototype to prevent children's accidents in hazardous home
environments, it is concluded that this device incorporates a preventive strategy by allowing early detection
of potential domestic risks, especially those related to the safety of infants, who are more susceptible due to
their natural curiosity to explore their environment. Considering the above, it can be added that the
incorporation of technology and the integration of motion, sound and gas sensors offer a versatile and
flexible solution to improve home security. This approach is materialized through a prototype that includes a
user interface designed with an emphasis on functionality and efficiency, thus facilitating agile and well-
informed decision making on the part of the user. This comprehensive system not only covers the detection
of potential accidents, but also has the ability to send instant alerts to parents or caregivers in case of risky
situations.

In conclusion, this prototype stands out for its adaptability and portability, which allows it to be
easily moved between different home environments. Likewise, the accessibility of its components in the
market highlights the ease with which any person or researcher can acquire them. In addition to the relative
simplicity of programming, it reinforces the idea that incorporating solutions of this type in the home does
not require a considerable investment. Therefore, it is recommended that users or parents invest in
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technological solutions that enable them to prevent falls, injuries, gas leaks, among other accidents that occur
frequently in the home.

Finally, despite certain limitations presented during the process, such as the absence of a 3D printer
to print various designs or prototypes with different electronic components that facilitate the test of
adaptability in various domestic environments, and the difficulty of incorporating additional sensors such as
humidity or temperature to improve daily usability, this research is presented as a valuable contribution
providing a parative point for future research interested in developing prototypes for domestic use, thus
stimulating progress in this particular field.
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