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Abstract: This research explores the possibility of designing a system for monitoring driver
drowsiness and supervising the use of seat belts in buses. Road accidents in long-distance bus
transport in 2022 amount to 5449 only at the national level, where the human factor plays an
important role. It is necessary to understand how the use of non-invasive sensors on passengers and
drivers for monitoring and supervision can improve safety in interprovincial transportation. The
objective of this research is to realize a system with the use of a Raspberry Pi 4 and Arduino NANO,
which allows us to store such data. To achieve this, we used a conventional camera and MediaPipe
to monitor driver drowsiness, while for passenger monitoring, we used different sensors available
on the market and our own. RS485 communication was used for driver and passenger data storage.
The simulations performed show a high-reliability rate in the detection of driver drowsiness under
specific conditions and the correct functioning of the sensors for passenger monitoring. Therefore, it
is possible to conclude the feasibility of the proposed system and that it can be implemented for real
tests. The implications of this research indicate that the cost of the system is not an impediment to its
implementation and thus improves safety in interprovincial transportation.

Keywords: security; raspberry; computer vision; mediapipe; Arduino NANQO; R5485; data collection

1. Introduction

Every year, traffic collisions claim the lives of approximately 1.19 million people, one of the risk
factors being the non-use of helmets, seat belts, and child restraint systems, being the second factor
mentioned, capable of reducing by up to 50% the risk of death among vehicle occupants . With respect
to the driver, it can be inferred that one of the main causes of accidents is fatigue and drowsiness,
according to the statistical report of road accidents 2022 issued by SUTRAN [1,2], road accidents
amount to 5449 cases nationwide, where 47% are caused by a crash, 45% by a carelessness, 5% by
a hit-and-run and 1% by a rollover. Concerned about this level of accidents, the monitoring of the
driver’s condition was considered, thus complementing the system. In this article, the integration of a
monitoring and data collection system in long-distance bus service is proposed in order to reduce the
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fatality risk factor in the event of an accident. The main innovation lies in the design, modification,
and adaptation of existing codes, combining artificial vision techniques and monitoring sensors to
create an effective and accessible system to improve safety in interprovincial transportation.

Several systems have been proposed to monitor seat belt use and improve driver safety, but these
are not in tandem.

Passenger Sensor Systems:

* QRC sensors: used to measure load fluctuation caused by biological signals such as respiration
and pulse waves to determine whether a person or luggage is in the seat [3].

¢ Wireless inductive sensors: Detect seat occupancy by means of compression between an inductor
and a ferrite surface, measure the load fluctuation caused by biological signals such as respiration
and pulse wave, in addition to knowing if there is a load on the sensor, it helps us to determine if
it is a person or luggage and even if it is an adult or a child [4].

e Systems with WiFi modules: Uses the seat belt buckle to power a WiFi module that sends the IP
address to an application on a smartphone [5].

e EL20 sensor: Sensors that measure the force exerted by a person, used for automotive testing [6].

Driver state monitoring;:

* Drowsiness and syncope detection in drivers using computer vision: Makes use of neural
networks to monitor the driver’s face, detecting signs of fatigue and drowsiness using the dlib
library [7].

* Drowsiness detection and notification-based system for car drivers: makes use of the face tracking

SDK, in conjunction with a Kinect system and webcams for drowsiness detection [8].

* Real-time Blink Detection: Uses facial landmarks to detect blinks, improving reliability and
reducing processing time [9].

¢ Facial Expression Recognition: Makes use of Haarcascade and face landmarks to detect blinks
and yawns, with processing on a Raspberry Pi 4 [10].

The article presented the section 1 present the introduction. Section 2 presented the related works.
Section 3 describes the proposed methodology with materials and methods. Section 4 details the
results and discussions. Section 5 concludes and summarizes the achievement of the objectives of the
article.

2. Related works

Below are other articles that are related to this article. In [11] presents the recent progress in
autonomous vehicle research and development has led to increasingly widespread testing of fully
autonomous vehicles on public roads, where complex traffic scenarios arise. Along with these vehicles,
partially autonomous vehicles, manually-driven vehicles, pedestrians, cyclists, and some animals can
be present on the road, to which autonomous vehicles must react.

In [12] in this article proposes a synergistic integrated FAGV-SC holistic framework - FAGVinSCF
in which all the components of SC and FAGVs involving recent and impending technological
advancements are moulded to make the transformation from today’s driving society to future’s
next-generation driverless society smoother and truly make self-driving technology a harmonious part
of our cities with sustainable urban development.

In [13] this paper, we consider a widely studied problem, in which autonomous vehicles arriving
at an intersection adjust their speeds to traverse the intersection as rapidly as possible, while avoiding
collisions. We propose a coordination control algorithm, assuming stochastic models for the arrival
times of the vehicles.

In [14] this paper analyses HOTL real-time haptic delay-sensitive teleoperation with FA-SDVs, in
the aspects of human-vehicle teamwork by establishing two similar remote parallel worlds.

In [15] the purpose of this research is to tackle one of the most difficult issues in the realm of
self-driving cars, which is the testing of advanced self-driving application scenarios. Thus, this study
proposes a simulation testing system based on hardware-in-the-loop simulation technology.
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In [16] this paper proposes a learning control method for a vehicle platooning system using a deep
deterministic policy gradient (DDPG)-based PID. The main contribution of this study is automating
the PID weight tuning process by formulating this objective as a deep reinforcement learning (DRL)
problem. The longitudinal control of the vehicle platooning is divided into upper and lower control
structures. The upper-level controller based on the DDPG algorithm can adjust the current PID
controller parameters.

In [17] to overcome this limitation, a personalized behavior learning system (PBLS) is proposed in
this paper to improve the performance of the traditional motion planner. This system is based on the
neural reinforcement learning (NRL) technique, which can learn from human drivers online based on
the on-board sensing information and realize human-like longitudinal speed control (LSC) through
the learning from demonstration (LFD) paradigm.

This article aims to create a system using a Raspberry Pi 4 and an Arduino NANO to store this
data. Thus, a conventional camera and MediaPipe are used to monitor the driver’s drowsiness, while
various sensors available on the market and our own are used to monitor the passengers. In the article,
RS485 communication was used to store driver and passenger data, and the simulations carried out
show a high level of reliability in detecting driver drowsiness in specific conditions and in the correct
operation of the passenger monitoring sensors. Therefore, it is possible to conclude that the proposed
system is feasible and viable and can be implemented to produce experimental results for real tests.

3. Methodology

This article presents the methodology and methods to be used.

3.1. Data Collection and Passenger Monitoring

Figure 1 shows the sensors that will be used in each seat, which are used for data collection.

Figure 1. Sensor Positioning (image edited).

A standard seat occupancy sensor [18] was used. This standard seat sensor consists of an array
of electrical resistors that help us to determine the seat occupancy, generally the values that it gives
us range from 0 ohms to 800 ohms without interruptions or failures and, through a range of resistive
values, it can be determined if there is a person on the sensor. A magnetic type sensor which is mounted
on the buckle guard commonly used in automobiles [19], and a belt sensor which was designed for
this project consisting of a normally open contact attached to the beginning of the seat belt reel and a
conductive thread seam, which is located on a part of the seat belt. This conductive thread seam will
be at a distance that indicates that the seat belt is buckled but is on the seat. While the seat belt is in
this state (Figure 2), the conductive thread will close the contact as shown in Figure 3.
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Figure 2. Common ways to avoid seat belts Source: Apple Bus bodies [20].

Figure 3. Belt sensor design.

The sensors mounted on the seat described above, send their respective signals to an Arduino
NANO based on ATmega328 [21]. Subsequently, a query is made to the serial port in search of any
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message from the Raspberry, if there is any message, the data from the seat sensors at that instant of
time is sent through the serial port (Figure 4 ).
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Figure 4. Flowchart of seat sensor analysis.

Due to the number of input signals that the Arduino receives and the limited number of input
data that the Arduino offers, the use of CD74HC4067 multiplexers was chosen to expand the outputs
and inputs of the Arduino both analog and digital [22]. This will allow an Arduino to monitor up to 16
seats (48 sensors). The signals that the Arduino will receive are digital (belt buckle sensor and belt
sensor) and analog (seat sensor), having the resistive value range of the latter, which determines if
a person is on the sensor, a conditional if() is performed with those ranges to convert the values to
binary. Having unformatted the type of signals, Table 1 is developed.
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Table 1. Sensor states in the seat.

sensorSeat(i) sensorBrace(i) sensorBelt(i) dataLED() Status

0 0 0 0 Unoccupied seat

0 0 1 0 Unoccupied seat

0 1 0 0 Unoccupied seat

0 1 1 0 Unoccupied seat

1 0 0 1 Passenger without seat belt

1 0 1 1 Passenger without seat belt

1 1 0 0 Passenger with belt correctly positioned
1 1 1 1 Passenger without seat belt

The result of the analysis of the sensors will enable an output pin of the Arduino, which, by means
of a demultiplexer will send a visual alert, which is visible to the passenger of the corresponding seat.
Figure 5 shows the connection of the devices to be used.

Seat sensor

Ard. NANO

50

o ®
@cs il @

O ¢ Crannel
@¢ Andog -

@co Multiplexer

Belt sensor

Figure 5. One-line diagram for the integration of passenger monitoring devices to Arduino NANO.

The programming of the Arduino was done using the open-source software Arduino IDE. The
Mux.h library [23] was used to manage the channels of the 74HC4067 multiplexers. This library creates
a class called Mux, this class has a constructor that facilitates the declaration of the input/output pins
and the selector pins for the multiplexer/demultiplexer.

3.1.1. Data Collection and Driver Monitoring

When designing a monitoring system, the development of a drowsiness system based on blinking,
yawning, and nodding was sought, but this does not have a high computational cost or require a
graphics processor, so we sought to have the most efficient code possible, we have considered the use
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of Python for the realization of this system, as well as the IDE Visual Studio Code. The workflow is

shown in Figure 6.

@

Image Capture from Camera

y

Image Processing
Face Detection in Image

No

Face detected

Comparison with face database

Recognized face

Registration /

Storage

7

l Authentication / Identification l

Using Face Mesh and Face Detection
Eye, mouth and nose recognition

Mesh point drawing and Face detection
EAR equations for eyes and mouth.
Equation to find the rotation of the face.

End

Figure 6. Driver data collection and monitoring operation flow chart.

Real-time digital image processing demands a large workload for the processor and considering
also that it will be used as a central point for receiving the data sent by the Arduino, due to the
workload we opted for the use of a Raspberry Pi 4 [24]. The camera used is of the wired type with USB
2.0 interface with an AVI FHD@30fps video format in addition to having an integrated microphone [25].
The monitoring is required to be stored with time and date and, since these depend on the Raspberry
having an internet connection, an RTC module [26] was used, when the system is de-energized, the
module, which has a battery, will not lose the time and date values. An LCD display [27] will be used
to visualize the status of the passengers’ seats, in addition to displaying the drowsiness count and
video capture where the driver can be observed being monitored. The Raspberry Pi 4 will receive the
information transmitted by the Arduino NANO via RS5485 communication and display it on the LCD

screen (Figure 7).
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Figure 7. Single-line diagram of Raspberry Pi 4B and devices to be used.

MediaPipe was used to detect landmarks. In the mediapipe mesh (Figure 8), it can be seen that it
has a total of 486 facial landmarks.

Figure 8. Mediapipe Facemesh Source: stack overflow [28].

3.1.2. Monitoring of the Eyes

The blinking of the eyes is taken into account, a count of the blinks and their duration is made,
using an LSTM neural network in PyTorch for the variation of the EAR threshold every 5 second, then
the number of frames per second provided by the camera is taken to divide the time, a conventional
camera takes from 24 to 30 frames per second, so, if the time is divided taking into account the 30
frames which give us a value of 0.0333 seconds; it is estimated that a blink varies between 300 to 400
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milliseconds, therefore, 13 frames of the 30 existing ones are taken, which expressed in time would
give us an estimate of 433 ms, therefore, it fulfills the required condition.

par — D "

Figure 9 explains how to obtain the EAR between the values of height and width, taking
as a reference the equation given in [9] (Real-Time Eye Blink Detection using Facial Landmarks).
Considering equation (1), we have the distance A (D, ), distance B (Djp), and distance C (D¢), and
therefore, it can be concluded that if the eye is closed or close to being closed, the value that indicates
us is close to zero, it is true that there is a variation depending on the person who uses them, hence the
application of the neural network, An average is performed to find the EAR (Eye aspect ratio) using
the value of both eyes and thus achieve the detection of drowsiness.

An alarm is activated at the moment of reaching 13 frames, and if the blink is long enough, a
record is created with the duration, date, and time of the incident.

Figure 9. EAR between width and height.

3.1.3. Mouth Monitoring

Figure 10, shows the mesh of points that mediapipe uses for monitoring. After being tested, it was
concluded that the points P1, P2, P3, and P4, which are the corners of the lips, show the best tracking;
this tracking is based on the value of the angle found through the arctangent of the straight lines P1P2
and P3P4 [29]. The duration of the opening of the mouth will indicate whether or not there is a yawn,
taking 5 seconds as the estimated duration [30].

P3 57

P4

Figure 10. Points taken in the MediaPipe mesh Source: stack overflow (Original file).
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3.1.4. Pitch Monitoring

Based on the code presented by Santiago Sanchez in his YouTube video [31], a light version was
obtained with the necessary features to be able to determine the head orientation and applied with
Media Pipe. Two reference points are used, a fixed central point at the height of the nose, numbered in
the mesh as point 1, and the second point which is point 366, located at the side of the cheek. The value
of the arctangent function formed by the 2 points is taken into account and with this, we achieve what
is observed in Figure 11 where the values above the line are positive and those below are negative, so
that, by placing the camera in a correct position, it is possible to monitor microsleeps or some nodding
that occurs at the time of drowsiness and tiredness, which will alert the person in real-time based on
the number of frames and saving the data of the nodding with duration time, date and time. Also,
when a certain time elapses, it will issue an alert.

"“a::‘-}»f

@

Positive Value

A

i-1)" - [-180)° Negative Value

Figure 11. Head orientation Source: Own.

3.1.5. RS485 Based Communication

It is a standard communication interface, it uses a two or three-wire cable, which is: a data wire, a
reverse data wire, and a ground wire, through a 22 or 24 AWG twisted pair cable. The maximum cable
length can be up to approximately 1200 meters [32].

For the use of RS485 communication, both devices (Raspberry Pi 4 and Arduino NANO) each
have a module for such communication in half-duplex mode as shown in Figure 12 acting with
the Raspberry Pi 4 as master. An R5485 CAN HAT module is used which allows the Raspberry to
communicate with other devices through R5485 and CAN [33]. Regarding the Arduino NANGO, it
uses the MAX485 module [34]. This communication will allow the Raspberry to store both the driver
drowsiness monitoring data and the monitoring of seat belt use in passengers and the display of the
latter on the LCD screen as announced in the previous section.
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Figure 12. Single-line diagram for Communication between Arduino NANO and Raspberry Pi 4B.

4. Results and Discussion

According to the development process, tests are carried out to verify the system. For this reason,
simulations were made in parts, a simulation of the passenger-oriented system with the Proteus
software, and tests with the driver-oriented system with the Raspberry Pi4. A communication test
was made between the Arduino and Raspberry to verify the correct saving of the collected data in a

text file.

4.1. Passenger Supervision Simulation

Under Proteus V8.13 electronic design automation software, the simulation of the proposed
system with respect to the passenger was performed. Figures 13, 14, and 15 show the possible states in

which the seat can be.
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Figure 13. Seat unoccupied.
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Figure 16 is presented the blink, yawn, and vertical pitch detection system.
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Figure 16. Blink, yawn and vertical pitch detection system.

A visual interface of the status of the seats in the interprovincial bus was designed, Figure 18
shows the use of 2 Arduino NANO making a total of 16 seats. The green color indicates the correct use
of the seat belt by the passenger, while the red color indicates the incorrect use of the seat belt, in the
case of the white color or no coloring indicates that the presence of a person is not detected. Similarly,
there is a percentage at the top of the window, indicating the percentage of correct seat belt use among

the seats being occupied. If the percentage of correct seat belt use is less than 50%, an alert will be
issued.

geany_run_script TOWRW2.sh v oA X

n 50%

Figure 17. Console showing a connected Arduino NANO.


https://doi.org/10.20944/preprints202411.0715.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2024 d0i:10.20944/preprints202411.0715.v1

14 0f 18

Seat Occupancy Monitor

Percentage of correct use of seat belt: 43%

Seat Seat Brooch Belt LED

Incorrect Incorrect Incorrect

No signal No signal No signal No signal
Seat 10 No signal No signal No signal No signal
Seat 11 No signal No signal No signal No signal
Seat 12 No signal No signal No signal No signal
seat 13 No signal No signal No signal No signal
Seat 14 No signal No signal No signal No signal

Refresh

Figure 18. Seat occupancy monitor interface.

Figure 19 shows how the information from the sensors in each seat is stored in a text file with
time, date, and the percentage of correct seat belt use. Similarly, the same test is performed in the case
of computer vision. A text file called an incident log is generated, in which nodding, microsleeps, and
yawns that the system recognizes are recorded along with the date and time (Figure 20).

~/sensor_data txt - Mousepad

File Edit Search View Document Help
oo L A a2 L

|
|Percentage of correct use of seat belt: 43%

|Refresh: 2024-11-07 00:28:31

Seat sensor 1 Sensor 2 Sensor 3  Sensor 4
ISEat 1 0K 0K 0K OFF

Seat 2 Incorrect Incorrect Incorrect OFF

Seat 3 0K 0K 0K OFF

|Seat 4 0K 0K 0K OFF

Seat 5 0K Incorrect OK ON

Seat 6 OK Incorrect Incorrect ON

Seat 7 0K 0K Incorrect OFF

Seat 8 0K 0K Incorrect OFF

Seat 9 No signal No signal No signal No signal
Seat 10 No signal No signal No signal No signal
Seat 11 No signal Mo signal No signal No signal
Seat 12 No signal No signal No signal No signal
|seat 13 No signal No signal No signal No signal
|Seat 14 No signal MNo signal No signal No signal
Seat 15 No signal No signal No signal No signal
|Seat 16 No signal No signal No signal No signal
|seat 17 No signal Mo signal No signal No signal
Seat 18 No signal Mo signal No signal MNo signal
|seat 19 No signal No signal No signal No signal
lSeat 20 No signal No signal No signal No signal
Seat 21 No signal Mo signal No signal No signal
|Seat 22 No signal No signal No signal No signal
|Seat 23 No signal No signal No signal No signal
iSeat 24 No signal MNo signal No signal No signal
|Seat 25 No signal Mo signal No signal MNo signal
Seat 26 No signal No signal No signal No signal
|seat 27 No signal Mo signal No signal No signal
lSeat 28 No signal MNo signal No signal MNo signal
|Seat 29 No signal No signal No signal No signal

Figure 19. Way of saving entry seat in a text file.
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*~/Desktop/pruebas/registro_incidentes txt - Mousepad

File Edit Search View Document Help

2024-11-87 00:37:51 - Microsleep - Duration: 3.9716715812683185 seg
2024-11-07 00:38:02 - Yawn - Duration: 6.378186225891113 seg
2024-11-07 00:38:02 - Microsleep - Duration: 7.048608779907227 seg
2024-11-07 00:38:15 - Pitching - Duration: 9.147711753845215 seg
2024-11-87 00:38:28 - Microsleep - Duration: 3.99397611618042 seg
2024-11-87 00:38:42 - Microsleep - Duration: 7.891468180282593 seg
2824-11-87 00:38:53 - Yawn - Duration: 6.519057273864746 seg
2024-11-07 00:38:53 - Microsleep - Duration: 7.2416181564331055 seg
2024-11-07 00:39:03 - Microsleep - Duration: 7.7120349407196045 seg

Figure 20. Way of saving incident log seat in a text file.
5. Conclusions

The proposed design satisfactorily fulfills the objective of monitoring and collecting information
from both the passenger and the driver and storing it, whose data could be used for behavioral studies,
among others.

The proposed system ensures that passengers comply with road safety standards, such as fastening
their seat belts during the journey (Art. 41 of the MTC National Transport Regulation - Peru) and, in
the case of the driver, maintaining control of their condition rest with the collected data (Art. 30 of
the MTC National Transport Regulation - Peru), in addition to being awake while driving through
an alarm. The driver monitoring system does not require much computing power. A conventional
webcam was used for drowsiness detection without additional features such as IR sensors for night
vision to reduce costs, which would lead to data collection failures during night trips. The location of
the camera is important when using a computer vision system. This allows for effective monitoring
and avoids data collection failures. The advantages of the proposed system are that the system is
non-invasive and easy to install and exchange components.

To continue with the research, the article lacks implementation in a real system environment, and
it is necessary to confirm its feasibility and viability. An independent power supply is required to
power the sensors that are placed on the seats. Due to the limited processing power of the CPU and
GPU, more robust methods for detecting driver drowsiness must be used. Greater reliability in facial
tracking, due to the use of mediapipe with facial and multifaceted reference points. Adaptability, the
system can work with different types of components. As a future line of work, we have the design of a
PCB board with embedded modules and Arduino NANO and full implementation of the proposed
system in interprovincial buses. For the driver, it is planned to make use of artificial intelligence,
using systems such as Yolo (You Only Look Once) which will provide a more robust system for image
processing; finally, with the aim of better control, the implementation of sending the data collected in
the text files to a database, automating the loading and unloading of such data for possible later use,
was considered. Improve reliability by increasing medical variables such as pulses. The design of a
PCB board with embedded modules and Arduino NANO and full implementation of the proposed
system.
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DDPG  deep deterministic policy gradient
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