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Abstract

Smart drive assist systems serve as advanced automotive companions, boasting three pivotal
capabilities: blind spot monitoring, collision prevention, and adaptive lighting. Blind spot monitoring
acts as a vigilant sentinel, overseeing areas beyond the driver's direct view and issuing alerts for
potential blind spot intrusions during lane changes. Collision prevention acts as a protective shield,
scanning the road ahead to notify the driver of impending collisions, affording crucial reaction time
to avert accidents. Adaptive lighting functions as an illuminating guide, intelligently adjusting its beam
direction to ensure optimal visibility for the driver while minimizing glare for oncoming traffic, thereby
enhancing safety and comfort during nighttime journeys. These smart drive assist features work
seamlessly together to elevate the overall driving experience, promoting enhanced safety and
convenience. Blind spot detection systems are designed to act as vigilant lookouts, issuing warnings
for potential intrusions into the driver’s blind spots during lane changes. These systems continuously
scan the areas behind and next to the car that are hidden from the driver's view by conventional
mirrors using a combination of sensors, cameras, and radar technologies. The technology helps to
prevent collisions that frequently happen during lane-changing maneuvers by informing the driver
when a vehicle is identified in the blind spot by visual indications, such as lights on the side mirrors,
or audible warnings.

Keywords: Smart drive assist system (SDAS), Arduino Nano, time-of-flight ToF light detection and
ranging (LiDAR) sensor, TF Luna LiDAR sensor, potentiometer, blind spot detection, collision alert,
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INTRODUCTION

In the ever-evolving landscape of automotive safety, the integration of smart drive assist systems
(SDAS) has emerged as a transformative force, significantly enhancing the safety and efficiency of
modern vehicles. This project delves into the intricate capabilities of SDAS, with a specific focus on three
essential components: blind spot detection, collision
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feedback, such as seat vibrations. In more sophisticated setups, these systems can even start automated
breaking if the driver does not react quickly enough, lessening the force of the hit or preventing the
collision entirely.

Adjustable headlamps are another critical component of SDAS, intelligently adapting their direction
and intensity to ensure clear visibility for the driver while minimizing glare for oncoming vehicles
during nighttime driving. Adaptive lighting technology is used by these headlamps to modify the beam
pattern according to the road conditions, steering angle, and vehicle speed. For example, the headlamps
can rotate in the direction of a turn, which improves visibility around curves. Additionally, they can
automatically switch between high and low beams when detecting approaching traffic, ensuring optimal
lightning without blinding other drivers.

The seamless collaboration of these SDAS features transforms the driving experience by enhancing
safety, reducing driver fatigue, and promoting better situational awareness. Blind spot detection,
collision alert, and adjustable headlamps work together to cover various aspects of driving, from
monitoring adjacent lanes and detecting imminent threats to optimizing visibility in different driving
conditions. Road transit is made safer, more effective, and more pleasurable by this synergy, which
builds a strong safety net and drastically lowers the chance of accidents. This report aims to explore the
technological intricacies of these SDAS components, evaluate their real-world effectiveness, and
contribute to the ongoing efforts in making road transportation safer. By understanding and leveraging
the capabilities of SDAS, we can pave the way for a future where intelligent vehicles not only assist but
actively protect their occupants, leading to a significant reduction in road accidents and an overall
improvement in traffic safety.

LITERATURE REVIEW

The implementation of a real-time SDAS product to detect obstacles (moving or stationary) appearing
in the blind spot/no zone area of the vehicle is presented. An automatic threshold approach for vehicle
and object segmentation into sectors is implemented to overcome the problem of varying light
conditions. Additionally, the edge feature method is embedded to remove noise in complex
environments [1].

A model for a rear-end and front vehicle collision avoidance system was proposed. The distance
between two cars traveling in the same lane and direction is the first thing this system measures. An
ultrasonic sensor that can identify barriers around the vehicle is used to determine the distance. The
system observes the area surrounding the car, detects all objects, and measures their distance and radial
velocity. The system activates safety features to safeguard the vehicle if the trajectory of an obstruction
is pointed in its direction and becomes hazardous [2].

A review highlights the need for advanced headlamps for automobiles to ensure safer and more
comfortable driving. Current research in this area is case-specific, and most solutions cater to only a
few test cases, lacking adaptability for varying speeds and road conditions. Firstly, the products on the
market work well in countries where lanes and lane markings are predictable and well-defined, which
is not the case worldwide. The system needs to be intelligent enough to predict and control the
headlamps without relying on lane markings or traffic signs. Universal implementation is still in its
early phase, with functionalities being limited. While current solutions perform well in urban areas and
crossovers, they struggle with sudden turns and multiple crossover lanes, indicating significant areas
for future work [3].

An intelligent control system for automobile headlights has been proposed, combining single-chip
microcomputer and sensor technology. The system primarily uses sensors to test automobile distance,
relative velocity, and collect information on environmental light intensity changes. By using the single-
chip microcomputer control function, the system realizes intelligent control of light intensity and light
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mode. This enhances the safety of automobile driving, especially at night and in adverse weather
conditions such as rain, snow, and fog. Additionally, the intelligent control system offers several
advantages [4].

Research on a blind spot detection and warning system based on radar for both daytime and nighttime
environments was proposed. An early warning rate of up to 98.38% during the day and 98.34% at night
was attained by the system after it was calibrated and tested on the Chery Arrizo7. Compared to other
systems based on visual detection, the proposed system has a higher warning rate in real-world
scenarios. Test results demonstrated that the proposed system has higher target detection accuracy and
can effectively provide early warnings to the driver [5].

Anil Kumar Gupta, Gaurav Wable, and Tamn Batra proposed a vehicular collision detection
system based on GPS and theconcept of overlapping safety zones. The overall composition and
principle of the system are introduced briefly, focusing on the anti-collision mechanism and the
selection of related parameters. An Android-based prototype of an active anti-collision alarmingsystem
for vehicles, utilizing an "eye in the sky" server, was developed. The system's performance depends on
several factors: (1) real-time global positioning system (GPS) availability, (2) communication dropouts,
(3) frequent alerts in traffic due to closely moving vehicles, and (4) unawareness of drivers' intentions.
The system was successfully deployed and tested with a few mobile devices, generating alerts for
overlapping safety zones for the devices. These experiments showed how the system may improve
vehicle safety by giving drivers timely alerts in a range of traffic situations [6].

A radar-based blind spot detection and warning system for both daytime and nighttime conditions
was proposed by Guiru Liu, Lulin Wang, and Shan Zou. Up to 98.38% early warning rates during the
day and 98.34% at night were achieved by the system when it was calibrated and tested on the Chery
Arrizo7. Compared to other systems based on visual detection, the radar-based systemdemonstrated a
higher warning rate in real-world scenarios. Test results indicated that the proposed system offers
superior target detection accuracy and can effectively provide early warnings to drivers. These findings
highlight the system's potential to enhance driving safety by reliably detecting vehicles in blind spots
across various lighting conditions [7].

METHODOLOGIES
Arduino Nano

A flexible microcontroller made for a range of electronic and internet of things (10T) applications is
Arduino Nano. With a compact form factor, it operates at 3.3 V and accepts input voltages from 7 to
12 V. It features 16 digital 1/O pins, 8 analog input pins, and multiple communication interfaces,
including UART, SPI, and 12C. Its extensive library support and ease of programming make it popular
with both experts and enthusiasts. The Arduino Nano simplifies interfacing with external devices and
sensors, making it suitable for electronics prototyping, embedded systems development, and a wide
range of 10T applications.

Servo Motor

Tiny and lightweight with high output power. Servos function similarly to regular types but are
smaller. They can rotate about 180° (90° in each direction) [8-10]. These servos can be controlled with
any servo code, hardware, or library. Because it can fit in small spaces, it's ideal for beginners who want
to move objects without developing a motor controller with feedback and a gear box. Hardware and
three horns (arms) are included.

Rotary Potentiometer

Potentiometers, or POTSs, are variable resistors that adjust resistance by turning a knob. They are
classified by resistance (R-ohms) and power (P-watts) ratings. Resistance values determine the
opposition to current flow, with standard values like 500 ohm, 1 kohm, 10 kohm, and up to 1 Mohm.
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Higher resistance means less current flow. Power rating indicates how much current the resistor can
handle; for potentiometers, it is typically 0.3 W, making them suitable for low current circuits.

Headlight

To improve visibility and safety when driving at night, headlights are crucial automobile lighting
components that illuminate the road ahead. They are governed by legislation to guarantee correct
brightness and alignment and come in a variety of types, such as halogen, LED, and xenon as shown in
Figure 1.

Time-of-Flight (ToF) LiDAR Sensor

The VL53L0X is a compact time-of-flight (ToF) laser-ranging module offering precise distance
measurements up to 2 meters, regardless of target reflectance. It features a 940 nm VCSEL emitter,
invisible to the human eye, and internal infrared filters for longer ranges, higher ambient light immunity,
and improved robustness against cover glass crosstalk. This module sets a new benchmark in ranging
performance, enabling various new applications.

TF-Luna LiDAR Sensor

TF-Luna is a single-point LiDAR based on ToF, offering stable, accurate, and sensitive
measurements with a range of up to8 meters. Its adaptable algorithms and adjustable configurations
ensure excellent performance in complex environments. [11-14] The ultra- compact size makes it ideal
for various applications, such as level measurements, lift systems, and intrusion detection. Easy
installation and integration make TF-Luna suitable for numerous projects, providing versatile use across
different fields.

Piezo Buzzer

To put it simply, a piezo buzzer is a kind of electronic gadget that emits a tone, alarm, or sound. It is
usually inexpensive, lightweight, and has a straightforward design. However, it is also dependable and
may be built in a variety of sizes that operate at different frequencies to generate different sound outputs,
depending on the piezo ceramic buzzer parameters.

Servo motor Servo motor
& headlight & Headlight
Rotary
T Potentiometer 4
A 4
Arduino nano <
ToF lidar
sensor ToF lidar
Buzzer Sensor Power
& Led Supply
+
v Arduino nano v D —
F Buzzer TF luna
lunalidae lidae
na —|_> I sensor

Arduino Nano
Led Led

Figure 1. Block diagram of a smart drive assist system (SDAS).
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LED

When turned on, an LED—a two-lead semiconductor light source—emits light. The electrons can
recombine with the electron holes inside the device to release energy in the form of photons when the
LED terminal is subjected to the proper voltage. We call this phenomenon electroluminescence. We
call this phenomenon electroluminescence. The semiconductor's energy band gap determines the color
of the LED.

3D Printed Models

The goal of this research is to investigate how 3D printing might revolutionize the production of auto
parts. The goal is not just to create any parts, but rather to produce components like side mirrors and
sensor casings using this innovative technology. Throughthis endeavor, the aim is to demonstrate how
3D printing can elevate the quality and precision of car parts, opening new avenues for customization
and improvement in automotive design.

Arduino IDE

The Arduino integrated development environment (IDE) is a versatile, cross-platform software
essential for programming Arduino boards. It is easy to use and works with Linux, MacQOS, and
Windows, supporting both inexperienced and seasoned developers. The open-source platform
simplifies programming with C/C++, offers built-in examples and libraries, and features a Board
Manager andLibrary Manager for easy configuration. The Serial Monitor aids debugging and data
visualization, while third-party plugin support and an active online community enhance its functionality
and educational value.

CATIA (CAD) Software

CATIA software was crucial in designing the circuit box and its components. Engineers used
CATIA's computer-aided design (CAD) tools for intricate geometries and layouts, ensuring vehicle
compatibility. Parametric modeling enabled dynamic design iterations, and 3D printing compatibility
optimized fabrication. Digital assembly simulations fine-tuned component placement and wiring, while
CATIA's simulation tools validated structural integrity and performance. The software facilitated
seamless interdisciplinary collaboration, ensuring alignment and efficiency, ultimately driving
innovation in automotive technology.

4’| Initialization |

No Yes, if obstacle detects in Range

Blind spot detection system Buzzer

& led

Yes, if obstacle detects in Range Buzzer
Collision detection system > & led

Yes, If the steering column rotates Turn the

light

Adjustable headlamps

End
Figure 2. Workflow of a smart drive assist system (SDAS).

© STM Journals 2024. All Rights Reserved 23



Smart Drive Assist Systems for Modern Vehicles Samudrasok et al.

In the ever-evolving landscape of automotive safety, the integration of SDAS has become a
transformative force. This project delves into the intricate capabilities of SDAS, focusing on three
essential components as shown in Figure 2: blind spot detection, collision alert, and adjustable
headlamps. Blind spot detection acts as a vigilant lookout, issuing warnings for potential blind spot
intrusions during lane changes. Collision alert serves as a protective shield, providing crucial reaction
time by scanning the road for potential collisions ahead. Meanwhile, adjustable headlamps intelligently
adapt their direction to ensure clearvisibility for the driver without causing glare for oncoming vehicles
during nighttime driving. The seamless collaboration of these SDAS features creates a comprehensive
safety net, akin to having intelligent co-pilots in the vehicle, constantly vigilant on the road. This report
aims to explore the technological intricacies of these components, evaluate their real-world
effectiveness, and contribute to the ongoing efforts in making road transportation safer, more efficient,
and enjoyable.

ALGORITHM
Step 1: Initialize hardware connections:
e Mount and solder all components into the 3D printed circuit box.
o Ensure connections match the circuit diagram.
Step 2: Setup Arduino:
o Initialize the Arduino board for data processing.
Step 3: Initialize sensors:
e Activate the TF-Luna LiDAR sensor for blind spot detection.
e Activate the ToF LiDAR sensor for the collision alert system.
Step 4: Configure actuators:
e Connect the potentiometer and servo motor for the adjustable headlight system.
Step 5: Test circuit:
e Power on the module and verify hardware functionality.
e Ensure sensors detect objects and actuators respond accordingly.
Step 6: Validate integration:
e Confirm that Arduino processes sensor data and controls actuators effectively.
Step 7: Prepare for vehicle testing:
e Secure the module in the vehicle.
e Conduct comprehensive testing in real-world driving scenarios.
Step 8: Monitor performance:
e Observe system behavior during testing.
o Note any issues or improvements needed.
Step 9: Iterate and refine:
o Make necessary adjustments to improve system performance.
e Repeat testing and validation as needed.
Step 10: Finalize deployment:
o Verify that every part is firmly in place and operating as intended.
o In vehicles, sign off for deployment.

RESULT

The SDAS implementation successfully integrated blind spot detection, collision alert, and adjustable
headlamps. Blind spot detection reliably identified vehicles in adjacent lanes, reducing lane-change
accidents. By providing prompt warnings, collision alerts helped drivers avoid rear-end crashes. By
adapting to different driving situations and light levels, the adjustable headlamps increased safety and
visibility in inclement weather and at night. This comprehensive system significantly enhanced overall
driving safety and convenience, demonstrating robust performance in real-world scenarios. The
seamless integration of these features within SDAS highlights its potential to reduce accidents and
improve driving experience as shown in Figures 3 and 4.
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#¢include<Servo.h> @ CoM3
Servo myServo;
int pos; T
void setup() {
// put your setup code here, to run once: enter position:

Turned to 180
enter peosition:
Turned to 0

) enter position:
Turned to 30

veid loop() [ enter position:
Serial.println("enter position: "); Turned to 0

while (Serial.available()==0){} enter position:

pos = Serial.parseInt();
if(pos>=0szspos<=180) {
myServo.writs (pos):;

Serial.print("Turned to ");
Serial.println(pos);
else Serial.println("invalid position”);
} Autoscroll [ Show timestamp

Figure 4. Result obtained on Arduino integrated development environment (IDE) for ADHL.

CONCLUSION

SDASs enhance driver safety and convenience through features like blind spot detection, collision
alerts, and adjustable headlamps. Blind spot detection uses advanced sensors to alert drivers to unseen
hazards, improving situational awareness. Collision alerts analyze real-time data to warn drivers of
potential accidents, reducing risk and severity. Adjustable headlamps optimize visibility in varying
conditions, enhancing confidence and safety. These integrated technologies leverage sensor
advancements, artificial intelligence, and connectivity, making driving safer and more enjoyable, and
paving the way for future mobility innovations.
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