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Abstract

In this study, an advanced unlocking mechanism was developed and automated using the concepts of
mechatronics for the betterment in medical sciences by providing emergency lifesaving services. The
goal of minimizing the time required to provide medical help was achieved after various observations.
Equipping the arduino board with a constant 12V power supply, a trial and error analysis was conducted
to make the system more efficient, reliable with minimum time delay. Finally, the observed changes
with respect to expected changes were noted and discussed.
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1. INTRODUCTION

Nowadays, due to automation, every field is undergoing considerable changes leading them to operate at
their peak efficiency. Furthermore, huge transformations have taken place in the medical field,
increasing the life expectancy of mankind and better health [1-2]. Advancements in every aspect of life
and its services have led to countless health related problems, yet due to the immense growth in
technology, these problems have been overcome. But still some problems persist, due to the lack of
immediate medical assistance, or due to poor knowledge regarding it.

Cardiac arrest is a sudden loss of blood flow caused by the heart's inability to pump effectively. Signs
include loss of consciousness, chest pain and abnormal or absent breathing. If not treated within minutes,
it usually results in death [2-5]. Coronary artery disease is the current leading cause of cardiac arrest.
The absence of a pulse confirms the diagnosis. Non-traumatic cardiac arrests (CA) occur at home in the
vast majority of cases, mostly toilets. The toilet is a confined and private space where CA is common.
However, because of the sentiments of privacy connected with this space, the circumstances and causes
of CA in the toilet have been rarely examined. Since they are private, confined spaces, detecting
collapsed patients early is frequently challenging. According to the study made in 2012, 101 (11%) of
the 907 CA patients that were treated over a span of 4 years, sustained CA in the toilet. While only 10%
of these patients experienced a collapse, 41% experienced a return of spontaneous circulation (ROSC)

[6].
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The coronavirus disease 2019 (COVID-19), which is caused by the coronavirus 2 that causes severe
acute respiratory syndrome, has spread rapidly over the world. By the end of June 2020, there had been
over five million confirmed cases and over 500,000 deaths. The infection is thought to harm the lungs
first in coronavirus sufferers, rendering sections of them unable to function properly and those tissues
run out of oxygen and stop operating, no longer supplying oxygen to the bloodstream, resulting in silent
hypoxia. Normally, the lungs perform the life-sustaining function of gas exchange, supplying oxygen to
every cell in the body as we breathe in and expelling carbon dioxide. Healthy lungs keep the blood
oxygenated at a level between 95 and 100 percent -- if it dips below 92 percent, it's a cause for concern
and a doctor might decide to intervene with supplemental oxygen [7-8]. When hypoxia remains for an
extended period of time, it can result in coma, seizures, and even brain death. When the patients are
admitted to the wards for external supplemental oxygen, patients are not allowed to shower or defecate
in the ward's restroom. Instead they are requested to use urinals and bedpans for defecation. Because of
privacy reasons, patients prefer to use the restroom by removing the external oxygen supply which
sometimes results in patients collapsing in the toilets due to hypoxia or death depending upon the
patient’s condition [9-10].

In this study, since time is the most crucial factor here, minimization of it is done by automating the
unlocking mechanism by using accurate sensors like PIR and load cell with the help of arduino uno R3
in such a crisis and also by alarming the nearby people.
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Fig 1. Percentage of cardiac arrest cases in toilets

2. EXPERIMENTAL SETUP AND PROCEDURE

This experiment was conducted on Arduino Uno R3 based on microchip ATmega328P [11]. In this
experiment the load cell is placed on the toilet seat which immediatelyFig.2 shows deflection as soon as
the person sits on it. A constant 12V supply is provided to it. PIR sensor is attached perpendicular to it
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approx. 4.5 feet above the ground considering the average height of a person 4 feet in a seated position.
The PIR has a range of 3-4 m and higher accuracy than the IR sensor.

The door knob additionally includes a solenoid actuator with an integrated shaft. This shaft moves in a
straight line using the push pull technique. Solenoid is powered with 12V power supply and 650 mA.
The Piezoelectric buzzer with a frequency range of 800-1400 hz receives signal from PIR and is placed
outside the washroom. As soon as the door is locked, the circuit gets completed and starts working. Load
Cells on the toilet seat record the initial data of a person sitting on it. The sensors detect weight when a
human sits on the seat cover. As soon as the person gets up, the force lowers substantially on the load
cell and the person is in range of the PIR sensor, so the door remains closed. If the force lowers
substantially on the load cell with no interference in the PIR sensor within a span of 15 seconds which is
the delay, a signal is sent to the solenoid which automatically unlocks the door and also sets off the
piezoelectric buzzer.

Fig 2. Layout of Automatic Unlocking Mechanism
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Fig 3. Connections on Simulator
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3. RESULTS AND DISCUSSION

It was observed that during particular test cases on Tinker Cad, the outputs obtained were satisfactory
and the goal of minimization of time was achieved. In case scenario 1, the load cell registers the weight
of the person in a seated position on the toilet seat and because there is no interference in the PIR
sensor’s range therefore the buzzer is not activated and solenoid is still in locked position as shown in
Figure 4.

-

Fig 4. Case scenario 1

While in case scenario 2, the load cell detects the substantial decrease in weight because the person gets
up and now there is interference in the PIR sensor’s range but the buzzer is still not activated and
solenoid is still in manual locking position as shown in Figure 4.

e

Fig 5. Case Scenario 2
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In case scenario 3, if there is drastic change in weight then the load cell will detect the changes but if
there is no interference in PIR sensor’s range in the span of 15 seconds then the Buzzer is activated and
solenoid unlocks the door using automation as shown in Figure 6.

- E

Fig 6. Case Scenario 3

The buzzer met the required alarming sound frequency requirements of 800-1400 Hz as expected. The
solenoid worked flawlessly with a 12V supply, and the automation provided by arduino coding worked
as well. When significant weight changes were detected, the load cell was successful and only reacted if
necessary. PIR sensors have also been proven to be reliable at lower sensitivity levels of up to 4m and
higher sensitivity levels of up to 7m. The location of the PIR sensor was determined to be critical
because it affected the precise functioning. It was discovered to be ideal perpendicular to the floor after
several tests with errors 4.5 feet higher. As a result, a simple impact.

4. CONCLUSION

The unlocking system was automated, and the results were satisfactory within reasonable parameters.
All of the components operate smoothly when the system is powered by a 12V power supply. To
achieve functionality, minimal components such as the buzzer limited to 3.3V and the PIR sensor
limited to 5V were linked using a resistor. The Arduino R3 is programmed in such a way that it satisfies
all of the prerequisites. The Tongue Solenoid performs its function flawlessly. This mechatronics system
revolutionises dealing with medical emergencies in remote locations such as restrooms, etc. It has
enormous future advancement potential, making it a game changer.
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