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Abstract

Two-wheeler accidents remain a critical global safety concern, often attributed to rider inability to adapt
speed to sudden environmental changes. This paper presents a novel Smart Adaptive Speed Control and
Hazard Warning System (SASC-HWS) that autonomously regulates vehicle speed based on real-time
road conditions. The system integrates an ESP32 microcontroller with an MPU6050 Inertial
Measurement Unit (IMU) for tilt and vibration analysis, and a VL53L0X Time-of-Flight (ToF) sensor
for precise obstacle detection. A sensor fusion algorithm processes these inputs to dynamically adjust
the Pulse Width Modulation (PWM) signal to the motor driver, effectively reducing speed during
hazardous banking angles or imminent collision threats. Furthermore, an IoT-enabled dashboard hosted
on the ESP32 in Access Point mode provides real-time telemetry and emergency alerts without external
network dependency. Experimental results demonstrate a reaction latency of under 100ms and 95%
accuracy in classifying road surface irregularities, offering a robust, low-cost solution for enhanced rider

safety.

Keywords: Embedded Systems; Sensor Fusion; Adaptive Cruise Control; [oT Safety; Hazard Detection;
ESP32

1. Introduction

Road traffic accidents involving motorized two-wheelers account for a disproportionate number of
fatalities worldwide. The World Health Organization highlights that speed management is a critical
factor in road safety intervention. Traditional passive safety measures like helmets and anti-lock braking
systems (ABS) mitigate injury severity but do not proactively prevent accidents caused by loss of
control or delayed reaction to obstacles.

This paper proposes an active safety system, the SASC-HWS, which shifts the paradigm from reactive

protection to proactive prevention. By continuously monitoring the vehicle's dynamic state—specifically
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lean angle, vibration intensity, and obstacle proximity—the system can autonomously intervene to
reduce speed before a critical loss of control occurs. The proposed architecture leverages the
computational power of the dual-core ESP32 microcontroller to perform real-time sensor fusion,
enabling decision-making capabilities typically reserved for high-end automotive systems at a fraction

of the cost.
2. System Architecture

The hardware design follows a modular approach centered on the ESP32-WROOM-32. The system

comprises three main subsystems: Sensing, Control, and Telemetry.

2.1 Sensing Subsystem

The primary environmental awareness is derived from two sensors. The MPU6050 MEMS sensor
provides 6-axis motion tracking, supplying raw accelerometer and gyroscope data to calculate the
vehicle's roll angle and road vibration signature. The VL53L0X Time-of-Flight sensor uses infrared laser
pulses to measure the absolute distance to objects ahead, offering millimeter-level precision independent
of target color or reflectance.

2.2 Control Logic

The control algorithm operates on a continuous loop, calculating a safety coefficient based on sensor
inputs. This coefficient determines the duty cycle of the PWM signal sent to the L298N motor driver. The
relationship is defined by the multiplicative reduction model:

Starget = Smax X Fe X Fy X E,(1)

Where Siqrgeris the adjusted speed, Sy,qx1s the maximum throttle input, and F, F,, F,are the calculated

factors for tilt, obstacle distance, and vibration, respectively.

3.Methodology

The core functionality relies on the precise calculation of penalty factors that reduce the

motor speed.

3.1 Tilt Factor Calculation

The system defines a safe banking angle threshold thetag,s.. When the measured roll angle fexceeds
this value, the Tilt Factor Fydecreases linearly:

OV —Osqre
F,=1-——2%(2)
‘ chl’t - gsafe
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This ensures that as the bike leans further into a turn, speed is automatically scrubbed to maintain

traction, preventing "low-side" crashes.

3.2 Obstacle Avoidance
The VL53L0OX provides distance (d) readings. If an obstacle is detected within the warning
zone(d,,q4rn), the Obstacle Factor (F, )initiates braking:
d— dcrit

dwarn - dcrit

F, = 3)

4. Experimental Results

The prototype was tested under controlled conditions to validate sensor responsiveness and control
authority.

Test Case Average Latency (ms) Peak Latency (ms)

Table 1. System Latency Measurements

4.2 Road Surface Classification

Vibration analysis using the Z-axis accelerometer successfully categorized road surfaces.
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Fig. 1. Dashboard of the bike’s condition.

5. Conclusion

The SASC-HWS demonstrates that advanced active safety features can be effectively implemented on
low-cost embedded platforms. The system's ability to autonomously adapt speed based on real-time
environmental feedback addresses key causes of two-wheeler accidents. Future work will focus on
integrating machine learning models directly onto the ESP32 edge device to predict hazardous maneuvers

based on rider history.
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