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ABSTRACT: Designing a prototype of an appropriate tool can serve as a crucial example of science, technology,
engineering, the arts and mathematics (STEAM) education for students. In this article is presented a prototype of
a passive infrared (PIR) waterproof doorbell motion sensor as such an example. The PIR sensor is an electronic sensor that
gives a signal when its rays are crossed. It measures the infrared (IR) light radiating from the objects within its field of
view and can detect a change in motion in its surroundings within a different range of radius, hence it is most often used in
motion detectors. This type of sensor is most commonly used in security alarms and automatic lighting applications.
It detects general movement, but does not give information about the person or object that has moved. The developed
prototype of a waterproof doorbell motion sensor detects motion within its range, around five meters, of an unusual
motion. Using this sensor, electrical power consumption can be minimised, making it an efficient and low-cost device,
thus making it a particularly suitable tool for educational purposes.

INTRODUCTION

There have been rapid technological advances over the last decades, particularly in electronics. New technologies are
pervasive in all areas of life, including workplaces and homes. For some people, home automation has become
a necessity, especially for those who often leave their homes, thus may require a security monitoring system, or those
who are obliged to care for disabled or elderly family members and need to adapt the house to their special
requirements [1][2].

Advanced technological developments often underpin home automation systems that are now easier to access and
apply, whether for simple things, such as self opening doors/automatic doors or more complex applications, such as
home monitoring [3][4].

An automatic bell is a feature of many home automation systems [5]. As the name implies, this bell rings automatically
when it detects the presence of guests or strangers. There are various reasons behind installing automatic bells, ranging
from simply making it easier for visitors (i.e. they do not have to press the buzzer) to applying them as part of an anti-
theft system [6]. In the case of guests, the use of sensors to make the bell ringing eliminates the need for a traditional
buzzer switch installation as the host will be notified about the guests’ arrival by the automatic bell [7][8].

This type of sensor has been widely applied to detect the presence of an object as reported in previous studies;
for example, such as detecting the presence of an object around the car while parking and detecting a safe distance to
other vehicles when it is running [9]. As indicated in another study, using this sensor enables the detection of a certain
distance or position of a person in front of the door, both horizontally and vertically, and based on that the bell rings
automatically [10]. Hence, in order to function correctly, the automatic bell system must be able to detect objects in front
of the door/fence.

One of the sensors that can detect these objects’ presence is a passive infrared (PIR) sensor [11]. This sensor detects
the presence of moving objects, so it is the type that can be applied in automating the bell function, and as mentioned
above, thus eliminating the need for a buzzer switch [7][8][12]. The use of the HC-SR501 sensor is an alternative to the
use of a guest bell. When the activities of the house residents are far from the front of the house, the residents would not
know whether there are visitors on the house’s terrace [13].

In yet another study, the HC-SR501 sensor was placed on the front porch of the house. The location of the sensor was
intended to determine the presence or absence of moving objects in the area covered by the HC-SR501. As in the above
examples, the purpose of the sensor was to monitor by the house residents any guests or intruders appearing on the front
porch of the house [14].
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In the literature review undertaken by the authors of this article, particular emphasis was placed on the recent
technologies in the field of monitoring systems. Many designs and proposed methods are being used to enhance and
improve various monitoring systems, especially PIR motion sensors [15][16].

In this project, the design and implementation of a simple automatic doorbell system were carried out to monitor
the presence of visitors. As pointed out in other studies, that presence or movement by the visitors, can be detected by
sensors placed above the front door which results in the automatic ringing of the bell [15][16].

RESEARCH METHOD

The overarching aim of this project was to develop a prototype of a waterproof doorbell using a motion sensor as
an exemplification in STEAM education. This development, which is based on the studies outlined above, may also be
useful for anyone interested in innovation and refinement of home security measures, and their effectiveness and up-to-
datedness.

The authors adopted the developmental method of research. Rapid application development models were also utilized in
developing, testing, and evaluating the prototype [15]. The evaluation of the waterproof doorbell’s effectiveness was
particularly important as the overall emphasis was on applicability and usefulness. The steps presented in Figure 1 were
actually undertaken in a regency in Jawa Timur, Indonesia.

Establish the R Define the Develop and test
objectives "|  functionalities the prototype

Figure 1: Flow chart of the STEAM activities.

Figure 1 also captures the main objectives of this project, which were to design, test and evaluate the performance of
a waterproof doorbell using motion detection. Functionalities include the actual transmission and reception of the
signal at the time of detection [15]. The motion sensor operation was also carefully examined concerning the interval of
motion detection of object movement.

RESULTS AND DISCUSSION

Effectiveness of the Prototype of a Waterproof Doorbell Motion Sensor

The doorbell motion sensor can be used 24 hours a day. The detection of changes in the home surroundings,
for example by a sensor located on a house terrace, is based on the concept of motion detection including body
temperature sensors to ensure that all persons/objects with body temperature are captured. After detecting object
movement, the sensor and transmitter module send a radio wave signal to the receiver. Then, the receiver module will
process the received signal by producing audible sounds [8]. Real-time data comes from the location of the sensor,
i.e. the house terrace. The task of the sensor is to recognise the presence of an object or a guest appearing on the terrace,
and then transmit that information to the receiver. This arrangement is an alternative to using a traditional bell.

Figure 2: Set of parts.
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At the initial stage, it was determined that the best location for a sensor intended to capture object movement on
a house terrace would be above the door leaf - the main panel that opens. The placement of the sensor must be precise
according to the motion of guests or objects close to the entrance. In this development, a wireless network was used as
an example of technology applied in education. Not infrequently, it is used to send data from the application of the tool
made to simplify and speed up the process. The transmitter circuit consists of a microcontroller and the transmitter’s
module. As already mentioned, it is a passive infrared sensor. The microcontroller here is used to automatically adjust
the data received by the sensor and the data to be sent. At the same time, the sensor’s function is to detect the presence
of human movement in the sensor area.

Figure 3: Prototype of a waterproof doorbell motion sensor.
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Figure 4: Prototype of a waterproof doorbell motion sensor - a poster outlining the development.
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This prototype was made using simple and readily available materials. The design is minimalist, simple and waterproof.
So, considering its waterproofness, the authors did not have to worry about putting it outside the house or gate.
This house bell is also equipped with indicator lights and different ringtones, which can be changed according to
the homeowner’s taste. In addition, this bell is also practical to use without the need for electric power and cables
(Figure 4). The testing results of this prototype are as follows: detection range distance from 1 to 5 meters - positive,
over 5 meters - negative.

As indicated in earlier studies, the transmitter automatically sends data to the receiver when the passive infrared sensor
detects the presence of humans/moving objects in the sensor area so that it gets a voltage [8][11][12]. The buzzer will
automatically sound when the receiver gets the data from the transmitter coming from the passive infrared sensor that
has detected some movement. As part of the prototype testing, several trials were conducted to find out if particular
objects would be detected, and 95% of the total testing was successful.

Evaluation Results

This prototype is based on the idea that everybody generates heat energy from infrared rays, which are not visible to
the naked human eye but can be detected using a PIR sensor (an electronic sensor). The project focuses on the detection
of the motion of an intruder without any external touch. The waterproof doorbell motion sensor detects motion within
its range, around five meters, of an unusual motion. The passive infrared sensor’s task is to measures the infrared light
radiating from objects in its field of view. These type of sensors are most often used in PIR-based motion detectors.
PIR sensors are commonly used in security alarms and automatic lighting applications. They detect general movement
but do not give information on who or what moved.

As part of the development, expert judgment was needed to evaluate the prototype of a waterproof doorbell motion
sensor as a prototype in STEAM learning. Table 1 includes the evaluation results from three STEAM experts or
validators. The experts were asked to rate all the components of this development within STEAM education by using
a four-point Likert scale (1-4). Having considered the development from each STEAM aspect, the three experts placed
the prototype mostly in the very good category (please note that in Table 1, the mode rather than the mean values have
been included). After the successful evaluation, the prototype of a waterproof doorbell motion sensor can be used for
future students and teachers in STEAM education [17].

Table 1: Expert judgement.

Evaluation results
STEAM aspect Expert 1 | Expert2 | Expert3 Mode Category
Science
Accuracy of scientific concepts 4 3 4 4 Very good
Relevant to science curriculum 4 4 4 4 Very good
Technology
Covers the principles of do it yourself (DIY) 4 4 4 4 Very good
Based on simple technology principles 4 4 4 4 Very good
Engineering
Innovation in sensor type selection 4 4 3 4 Very good
Effectiveness in developing a design 3 3 4 3 Good
Art
Pays attention to aesthetic aspects 3 4 3 3 Good
Interesting design 3 3 3 3 Good
Mathematics
Develops visual-spatial intelligence and 4 4 4 4 Very good
mathematical concepts, such as geometry
Pays attention to the components of 4 3 4 4 Very good
manufacturing costs, is as efficient as possible
Total (based on mode) 4 4 4 4 Very good

“Note: rating scale from the interval 1-4

The project presented here has an impact on engineering and technology education considering its interdisciplinary
approach that creates a more comprehensive framework for analysis. Another important aspect is the contribution of
the T (technology) and E (engineering) component in the whole context of STEAM [17-19].

The STEAM prototype of a waterproof doorbell motion sensor illustrates the role of simple technology in STEAM
learning. The inclusion of the prototype in the curriculum highlights the need for simple engineering approaches in
grounding STEAM education. It has also been observed that implementing STEM or STEAM learning in class could
trigger some innovation and creativity [20], which is yet another benefit for the students.
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CONCLUSIONS

This project is an example of implementing STEAM education for students by providing a STEAM prototype of
a doorbell as a tool model. While working on the project, the authors implemented a framework with PIR motion
sensors to detect and determine any movement of visitors/intruders.

The advantages of this waterproof doorbell motion sensor are more numerous than any disadvantages. The main
drawback of this development is that the sensor cannot detect how many persons are present in the area. Instead, it
detects only the motion of the body. However, it is still a helpful model even for more significant projects, including
home automation systems.

The prototype that has been developed within this study is deliberately small-scale and straightforward, so that others
can understand it easily and utilise in education. It is also worth highlighting here that growing up with ever-faster
developing technology may change the solution for a given problem, but the essential criteria for a problem statement
and assessment may remain the same.

The content of this article is one of the outputs of a STEAM learning course. It is hoped that it can provide additional
knowledge to teachers and students regarding the implementation of STEAM in physics and other classes using simple
tools. The authors also hope that future researchers will be able to develop more effective and sophisticated tools to
support STEAM learning.
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