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ABSTRACT :

Road accidents are frequently caused by driver fatigue and unintentional lane drifting. A driver's attention can lapse due to extended eye closure, frequent yawning,
or poor vehicle positioning. To address this, the proposed Vision-Based Driver Drowsiness and Lane Departure Warning System adds a critical layer of safety by
constantly tracking both the driver's facial expressions and the vehicle's position on the road. Utilizing a camera to capture real-time facial and road data, the system
applies advanced image-processing techniques to monitor the eyes and mouth. It analyzes specific metrics like the Eye Aspect Ratio (EAR), Mouth Aspect Ratio
(MAR), and the duration of eye closures to detect signs of drowsiness. Simultaneously, it evaluates lane data to spot any drifting from the correct driving path. Built
entirely using Embedded C, the system enables the controller to process data instantly and trigger immediate alerts. If drowsiness or lane departure is detected, the

system warns the driver via a buzzer or visual indicator, delivering a compact, affordable, and real-time driver assistance solution.

KEYWORDS: Driver Drowsiness, Embedded C, Image Processing, Eye Aspect Ratio, Mouth Aspect Ratio, Camera, Driver Safety, Warning
System.

I. INTRODUCTION

Driver fatigue and unintentional lane drifting represent two of the most critical hazards in modern road transportation. Prolonged driving intervals, sleep
deprivation, and operational exhaustion severely impair a driver’s cognitive processing speed and motor reflexes.

Behaviorally, this exhaustion manifests as micro-sleeps (extended eye closure), frequent yawning, and diminished head-stability.

Concurrently, cognitive drift frequently leads to unintentional lane departures. Without immediate, automated intervention, these steering deviations often
culminate in catastrophic roadway collisions.

Traditional vehicle safety architectures heavily rely on reactive mechanical and electronic safety mechanisms (like crumple zones or standard ESC).
However, these systems fail to actively monitor the driver's physiological state. Vision-based Advanced Driver Assistance Systems (ADAS) solve this
by offering a non-contact, non-invasive methodology to analyze both the operator and the external environment. Modern frameworks leverage cutting-
edge computer vision pipelines—ranging from geometric feature tracking (like Eye and Mouth Aspect Ratios) to sophisticated Deep Learning
architectures—to process environmental data in real time. The proposed architecture integrates driver state evaluation with lane boundary tracking onto
a single, highly optimized embedded controller programmed in Embedded C, ensuring deterministic, real-time safety alerts via auditory or visual alarms
the moment an anomaly is detected.

I1. AIM & OBJECTIVES

Aim: To design and develop a real-time, vision-based driver monitoring and lane-tracking safety system using Embedded C. The system continuously
evaluates the driver's physiological state and tracks the vehicle's relative road position to deliver instantaneous alerts during unsafe driving conditions.

Objectives: The engineering architecture of vision-based driver safety systems relies on the integration of biometric computer vision and spatial trajectory
tracking. At the core of driver state analysis is the quantification of physical exhaustion through geometric facial landmark mapping. By isolating
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coordinates around the ocular and web-like structure of the face, the system computes the Eye Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR). The
EAR monitors the ratio of vertical eyelid distance to horizontal eye width; a sharp, prolonged drop in this value indicates a micro-sleep event. Similarly,
a sustained spike in the MAR detects yawning frequencies. To convert these instantaneous geometric shapes into an accurate assessment of fatigue, the
system applies PERCLOS (Percentage of Eye Closure) analytics, which measures the proportion of time the eyelids remain more than 80% closed over
a rolling time window. To handle the ambiguous, non-binary nature of human exhaustion, modern frameworks often incorporate fuzzy logic controllers
or Long Short-Term Memory (LSTM) networks. These algorithms analyze sequential frames over time, allowing the system to robustly differentiate
between a natural, split-second blink and a dangerous, fatigue-induced lapse in attention.

®  Capture high-fidelity video streams of the driver’s facial geometry and the forward road environment simultaneously using a synchronized camera
subsystem.

Isolate and analyze the driver's ocular region to accurately identify real-time micro-sleeps, heavy blinking, and early onset drowsiness.

Quantify specific facial metrics associated with physical exhaustion, focusing on geometric variations in eye and mouth structures.

Track continuous behavioral trends over time, monitoring extended eye-closure durations and other visual fatigue indicators.

Analyze external road markings continuously to detect unintended vehicular deviations from the designated driving lane.

Implement the entire image processing and decision-making pipeline in optimized Embedded C to guarantee real-time execution and low latency.

Trigger immediate auditory alarms via a buzzer or visual warnings through status indicators the moment fatigue or path drifting is confirmed.

Design a compact, power-efficient, and highly cost-effective hardware-software architecture tailored specifically for resource-constrained

automotive embedded environments.

III. LITERATURE SURVEY

Recent research has focused on vision-based and embedded driver drowsiness detection systems. Driver safety systems based on computer vision and
machine learning have been widely studied for detecting driver drowsiness and improving road safety. Researchers have used facial features, eye
movements, mouth movements, head position, and machine-learning techniques to identify changes in the driver's alertness.

1. LSTM-Based Multi-Feature Drowsiness Detection

Moredo, Celino and Ibarra (2025) developed a drowsiness detection system using a Raspberry Pi 4. The system analyzed EAR, MAR, and head
movements such as yaw, pitch, and roll. LSTM was used to analyze the driver's condition over time. The system was capable of real-time processing
at around 10 FPS.

2. Detection Using Multiple Fatigue Features

Arava and Sundaram (2025) presented a fatigue detection method based on image processing and fuzzy logic. Their approach used different indicators
such as PERCLOS, EAR, MAR, continuous eye-closure time, and yawning frequency to identify driver fatigue.

3. Embedded Driver Monitoring Using Raspberry Pi and Arduino

Recent studies have explored Raspberry Pi and Arduino for developing driver monitoring and safety systems. These platforms can process visual
information and work with warning devices to provide timely alerts when an unsafe condition is detected.

4. Driver Drowsiness Detection Through Eye Openness

Ramela et al. (2026) introduced the D3 method, which detects driver drowsiness by analyzing eye openness. The method uses eye images to study eyelid
movement and determine changes in the driver's alertness without depending on complex geometric calculations.

5. Drowsiness Detection in Low-Light Conditions

Saxena et al. (2026) developed a deep-learning approach for detecting driver drowsiness in low-light environments. Their method uses a dual-attention
mechanism to improve the detection of drowsiness when the available lighting is poor.

6. Research Gap

Previous studies have shown that eye-state analysis, multiple fatigue indicators, and deep-learning methods can effectively support driver drowsiness
detection. However, issues such as computational requirements, changes in lighting, real-time performance, and limited hardware resources still
need to be addressed. The proposed system therefore aims to provide real-time driver monitoring and lane-departure warning using Embedded C,
with a focus on practical and efficient embedded implementation.

IV. METHODOLOGY

The proposed Vision-Based Driver Safety System is engineered as an integrated, edge-computing vehicular safety framework that simultaneously
executes driver biometric profiling, spatial lane tracking, and deterministic warning generation. Developed entirely in bare-metal Embedded C, the system
eliminates high-overhead operating systems to ensure low-latency, real-time data processing and immediate hazard mitigation.

1. System Requirement and Component Selection: The primary functional safety requirements dictate the concurrent execution of real-time driver
drowsiness profiling and precise lateral path tracking. To fulfill these operational criteria within a resource-constrained, high-efficiency framework, the
hardware ecosystem incorporates a high-frame-rate optical camera sensor, an edge-embedded microcontroller unit (MCU) acting as the central
processing core, a piezoelectric acoustic buzzer, and a solid-state LED status indicator.

2. Camera Input: The imaging subsystem operates as a continuous data-acquisition pipeline, utilizing a high-frame-rate optical camera sensor to
simultaneously capture the driver’s facial biomechanics and the forward vehicular environment. The resulting raw, high-resolution frame sequences are
immediately pushed via dedicated low-latency hardware channels—such as a Direct Memory Access (DMA) controller—into the volatile memory banks
of the edge embedded processor for real-time algorithmic dissection.

3. Driver Face Detection: The incoming frame undergoes immediate digital image processing to identify and isolate the driver's facial geometry from
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the surrounding cabin environment. By applying bounding-box segmentation techniques, the system discards redundant background pixels and extracts
the precise spatial coordinates of the face. This isolated matrix is then subdivided into targeted sub-regions, allowing the system to run granular, localized
biometric analysis exclusively on the ocular (eye) and oral (mouth) zones.

4. Eye Detection: The segmented ocular matrix undergoes continuous algorithmic inspection to dynamically classify the driver's eye state as either open,
partially obscured, or fully closed. Because transient blinks are a natural physiological necessity, the system's filtering logic suppresses these brief events.
Instead, the firmware focuses strictly on isolating prolonged, continuous eyelid occlusion. Within this framework, a sustained closed-eye state serves
as a primary biometric indicator of micro-sleep and early-onset cognitive drowsiness.

5. Eye Aspect Ratio: The system quantifies the precise degree of eyelid openness by continuously computing the Eye Aspect Ratio (EAR), a geometric
metric derived from the spatial coordinates of the ocular boundary landmarks. The EAR algorithm calculates the ratio of the vertical distances between
the upper and lower eyelids relative to the horizontal width of the eye. A sharp, localized reduction in the EAR value mathematically signals that the eye
is closing. By continuously logging these values over a rolling sequence of frames, the system evaluates the temporal decay profile of the EAR, allowing
the controller to robustly isolate and identify dangerous, prolonged micro-sleep events.

6. Mouth and Yawning Detection: The segmented oral matrix is continuously evaluated to detect wide mouth openings and classify potential yawning
events indicative of physical exhaustion. To mathematically model these deformations, the system computes the Mouth Aspect Ratio (MAR), which
measures the vertical lip displacement relative to the horizontal width of the oral boundary landmarks. A sustained, high-amplitude spike in the MAR
metric signals an abnormally prolonged mouth opening. By monitoring the frequency and duration of these geometric anomalies over a sliding temporal
window, the embedded controller successfully isolates behavioral indicators of early-stage cognitive fatigue.

7. Lane Detection: The forward-looking road frames undergo sequential digital image processing to precisely isolate and map structural lane boundaries
from the asphalt background. Utilizing localized edge-extraction filters and parametric line-fitting transformations, the vision pipeline tracks structural
highway markings in real time. The coordinates of these identified boundaries are continuously cross-referenced with the vehicle's dynamic center axis
to evaluate lateral positioning. If the vehicle's spatial trajectory drifts away from the expected central path without an active turn indicator, the controller
flags a trajectory anomaly and generates an immediate hazard warning.

8. Decision Making: The embedded microcontroller operates as a high-frequency centralized decision engine, executing parallel arithmetic evaluations
of the inbound driver biometric streams and outward spatial telemetry. By continuously parsing real-time variables against calibrated mathematical
thresholds, the control logic cross-references sudden drops in the Eye Aspect Ratio (EAR), prolonged spikes in the Mouth Aspect Ratio (MAR), and
lateral lane boundary drift vectors. The moment any of these independent or combined variables satisfy the predefined risk criteria—confirming a state
of micro-sleep, chronic yawning, or an erratic vehicular drift—the state machine immediately generates the corresponding high-priority warning flag
within the system memory.

9. Warning Generation: Upon validation of a critical safety hazard, the embedded microcontroller initiates an immediate mitigation response by driving
designated General-Purpose Input/Output (GPIO) pins to a logical high state. This action directly energizes a high-decibel acoustic buzzer and a solid-
state LED status indicator. By executing this routine through direct hardware register manipulation, the system completely bypasses high-overhead
software layers, delivering a zero-latency, multi-sensory alert that maximizes the driver's situational awareness.

10. Embedded C Implementation: The complete system control logic is engineered as a bare-metal Embedded C firmware architecture, operating
without the computational overhead of a traditional operating system to guarantee strict real-time processing. The core software topology relies on a
continuous, infinite execution loop (while (1)) that systematically coordinates three primary stages: low-latency data acquisition from the camera
interfaces, high-frequency execution of the biometric and spatial tracking pipelines, and algorithmic comparison against predefined safety thresholds.

WORKING OF THE SYSTEM

The system initiates as soon as power is supplied to both the camera and the embedded controller. Once active, the camera continuously records the
driver's face and the road ahead. The embedded system instantly processes this visual feed to locate the driver's face and isolate the exact eye and mouth
regions for analysis.

During standard driving conditions, the operator's eyes stay open and the vehicle remains centered within its lane. Because no safety risks are detected,
the system simply continues its routine, passive monitoring loop.

If the driver's eyes remain closed for longer than a safe, predefined time limit, the controller flags this behavior as a sign of drowsiness. Additionally,
frequent or prolonged yawning is tracked and analyzed as secondary evidence of mental fatigue.

At the same time, the forward-facing camera scans the road to map out clear lane boundaries. If the vehicle begins to drift out of its designated driving
lane, the system immediately generates a lane-departure alert condition to trigger the safety alarms.

When either drowsiness or lane departure is detected, the controller activates the warning system. Thus, the overall operation can be represented as:
Camera Input — Image Processing — Driver/Lane Analysis — Decision Making — Warning Generation

V.RESULTS

The proposed architecture continuously monitors the operator’s physical state and the vehicle’s road position to deliver real-time driver assistance. The
bare-metal Embedded C program handles all processing loops, cross-referencing visual telemetry to trigger instant safety alerts the moment an unsafe
condition is validated.

During standard driving conditions, the warning outputs remain completely inactive. However, if the system detects prolonged eye closure or other
predefined indicators of fatigue, the controller immediately engages the safety mechanisms. Simultaneously, if the vehicle drifts past its expected
boundary, the system generates a separate lane-departure warning.

Ultimately, this system serves two vital automotive safety roles: active driver drowsiness tracking and lane-departure warning. By building the entire
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framework within a streamlined embedded environment, the system achieves a highly responsive, low-latency, and low-cost hardware solution tailored
for immediate accident prevention.
Note: Actual accuracy, response time, FPS and other numerical performance values should be added only after they are measured from the real

implementation.

VI. CONCLUSION

The proposed Vision-Based Driver Drowsiness and Lane Departure Warning System acts as a critical safety layer designed to minimize accidents caused
by operator exhaustion and drifting. By leveraging real-time, camera-based visual data, the system concurrently tracks the driver's physiological state and
the vehicle's position on the road. It monitors specific behavioral markers—including eye closure duration, the degree of eye openness, and oral
movements—alongside the vehicle's alignment relative to road markings to identify hazardous driving conditions.

Engineered natively in Embedded C, the software architecture is optimized specifically for resource-constrained, real-time vehicle electronics. The
moment the controller validates either a drowsiness threshold breach or an unintentional boundary cross, it immediately bypasses complex software layers
to trigger an instant warning via a high-decibel acoustic buzzer or visual indicator light.

Future improvements can include adaptive driver-specific thresholds, improved low-light detection, additional fatigue features, advanced machine-
learning models, vibration-based warnings and integration with vehicle-control systems.

VII. REFERENCES

[1] M. J. R. Moredo, J. D. S. Celino, and J. B. G. Ibarra, “Multi-Feature Long Short-Term Memory Facial Recognition for Real-Time Automated
Drowsiness Observation of Automobile Drivers with Raspberry Pi 4,” Engineering Proceedings, vol. 92, no. 1, p. 52, 2025.

[2] M. Arava and D. M. Sundaram, “Multi-Fatigue Feature Selection and Fuzzy Logic-Based Intelligent Driver Drowsiness Detection,” IET Image
Processing, vol. 19, no. 1, €70052, 2025.

[3] K. R. Ramela, M. Valan Rajkumar, R. Nagadeepa, P. Jebane, A. Asiya Mariam, and N. Thangalakshmi, “Eye Openness Recognition with Driver
Drowsiness Detection (D3) Method Using Image Processing Applications,” International Journal of Engineering and Computer Science, vol. 15, no. 02,
2026.

[4] S. Saxena, Angel, M. Khurana, S. Tiwari, et al., “Low-Light Driver Drowsiness Detection for Real-Time Safety Assistance Using Dual Attention
Mechanisms in Deep Learning Model,” Scientific Reports, 2026.

[5] OpenCV Documentation, “Computer Vision and Image Processing Techniques,” OpenCV Foundation



	I. INTRODUCTION
	II. AIM & OBJECTIVES
	III. LITERATURE SURVEY
	IV. METHODOLOGY
	WORKING OF THE SYSTEM

	V. RESULTS
	VI. CONCLUSION

