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Abstract-Road accidents are a leading cause of death 

worldwide. This paper introduces an innovative tracking 

system that integrates Computer Vision (CV) and Natural 

Language Processing (NLP) to detect and minimize 

collisions. A chip embedded with ultrasonic sensors 

transmits data directly to emergency services in case of 

accidents. Proactive measures, such as monitoring driver 

behavior using physiological and behavioral cues (eye 

tracking, heart rate monitoring, and PERCLOS), are 

employed to prevent drowsy driving. NLP-based virtual 

assistants provide real-time auditory alerts to drivers. By 

combining CV and NLP, this system enhances collision 

prevention, improves survival rates, and ensures prompt 

emergency responses. 

Index Terms-Road Accident Detection, Collision 

Detection System, Tracking Device, Computer Vision, 

Hough Transform, Natural Language Processing, 

Automated Emergency Response, Survival Rate 

Improvement. 

I. INTRODUCTION 

Road Accident Detection, Collision Detection 

System, Tracking Device, Computer Vision, Hough 

Transform, Natural Language Processing, 

Automated Emergency Response, Survival Rate 

Improvement. 

More than 3200 people die in automobile accidents 

daily. Despite technological advancements in 

automotive safety, many vehicles lack integrated 

solutions for accident prevention and emergency 

response. This paper proposes a hybrid approach 

combining CV and NLP to reduce crashes and 

enhance real-time assistance. The system utilizes 

sensors for impact detection and physiological 

monitoring to assess driver drowsiness. In case of an 

accident, the e-chip transmits emergency alerts even 

if mobile devices are damaged. This dual-

functionality system ensures both proactive 

prevention and automated emergency response. 

II. RELATED WORKS 

A. Advancements in NLP for Automotive Virtual 

Assistants 

NLP-powered voice-controlled systems allow 

drivers to operate vehicles hands-free. However, 

existing implementations focus on convenience 

rather than safety-critical applications. This research 

extends the scope of NLP by integrating real-time 

CV-based collision detection. 

B. Deep Learning for Pedestrian Detection 

CBODL-RPD integrates YOLO v4 and SqueezeNet 

for robust pedestrian detection. By incorporating 

NLP, vehicles can interpret verbal warnings and 

enhance collision mitigation strategies. 

C. Collision-Prone Behavior Detection 

LSTM-based models analyze vehicle movement for 

early collision prediction. The proposed system 

improves these techniques by integrating real-time 

speech analysis and CV for contextual 

understanding. 

D. Road Safety Enhancements using Machine 

Learning 

ML-based action recognition models for unsafe 

driving behaviors face challenges in temporal-spatial 

integration. This research addresses these gaps using 

NLP-enhanced driver alerts and CV-based 

behavioral monitoring. 

III. METHODOLOGY 

A. System Overview 

This system combines CV and NLP to detect 

collisions and ensure prompt emergency responses. 

The architecture consists of three primary modules: 

1. Computer Vision Module: 

o Driver Monitoring System: Tracks eye 

movements and facial expressions using gaze 

detection and PERCLOS. 

o Obstacle Detection System: Uses ultrasonic 

sensors and image processing (Canny Edge 

Detection, Hough Transform) to detect 

pedestrians and other vehicles. 
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2. Natural Language Processing Module: 

o Driver Alert System: Issues auditory warnings 

like "Drowsiness detected!" or "Obstacle 

ahead!". 

o Emergency Messaging System: Generates 

automated messages with accident details and 

transmits them to emergency services. 

3. Collision Detection and Response Module: 

o E-Chip and Sensors: Detects collisions and 

communicates impact severity. 

o Automated Emergency Alerts: Sends crash 

reports with geolocation data to emergency 

responders. 

B. Data Collection and Preprocessing 

Data is gathered from ultrasonic sensors, in-car 

cameras, and physiological monitoring devices. 

Preprocessing steps include: 

 Noise Reduction: Kalman filters for motion data 

stabilization. 

 Feature Extraction: PERCLOS calculation for 

drowsiness detection, histogram equalization for 

image contrast enhancement. 

 Data Normalization: Min-max scaling for 

physiological readings to ensure consistency 

across devices. 

IV. COMPUTER VISION TECHNIQUES 

A. Collision Detection 

A. Collision Detection 

Optical flow analysis and motion vector tracking 

help determine object trajectories and potential 

collisions. 

B. Lane Detection 

Canny Edge Detection and Hough Transform are 

used to detect lane boundaries and assist in lane-

keeping. 

C. Object Detection 

YOLO and SSD models identify road obstacles, 

pedestrians, and vehicles in real time. 

D. Driver Monitoring 

Gaze detection and facial landmark tracking detect 

drowsiness, enhancing proactive safety measures. 

V.  NATURAL LANGUAGE PROCESSING 

TECHNIQUES 

A. Collision Detection 

Optical flow analysis and motion vector tracking 

help determine object trajectories and potential 

collisions. 

B. Lane Detection 

Canny Edge Detection and Hough Transform are 

used to detect lane boundaries and assist in lane-

keeping. 

C. Object Detection 

YOLO and SSD models identify road obstacles, 

pedestrians, and vehicles in real time. 

D. Driver Monitoring 

Gaze detection and facial landmark tracking detect 

drowsiness, enhancing proactive safety measures. 

V. NATURAL LANGUAGE PROCESSING 

TECHNIQUES 

A. Speech Recognition 

Speech-to-text conversion using DeepSpeech and 

CMU Sphinx transcribes driver commands and 

distress signals. 

B. Sentiment Analysis 

BERT-based models analyze driver speech for stress 

and exhaustion, dynamically adjusting assistant 

responses. 

C. Text-to-Speech Conversion 

Emergency messages are generated in real-time 

using Google TTS or pyttsx3. 

VI. ALGORITHM DEVELOPMENT 

1. Collision Detection: YOLO-based object 

detection combined with ultrasonic sensor data 

for impact prediction. 

2. Drowsiness Detection: EAR (Eye Aspect 

Ratio) tracking via CNNs to monitor driver 

fatigue. 

3. Speech Recognition: Transformer-based NLP 

models classify distress calls and emergency 

requests. 

4. Multimodal Fusion: Bayesian networks 

integrate CV and NLP data for real-time 

decision-making. 

5. Emergency Response: GPS-based location 

tracking for rapid dispatch to nearest hospitals. 

VII. IMPLEMENTATION 
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A. Programming & Frameworks 

 Python, C++ for CV and NLP processing. 

 OpenCV, TensorFlow, PyTorch for deep 

learning models. 

 Raspberry Pi, Arduino for sensor data 

acquisition. 

 MongoDB, SQL for structured/unstructured data 

storage. 

B. Real-Time Processing 

 GPU acceleration for fast model inference. 

 APIs for seamless CV-NLP integration. 

VIII. COMPARISON OF TECHNOLOGIES 

Technology Advantages Disadvantages 

NLP-Based 

Alerts 

Real-time 

interaction 

High 

computational 

cost 

Deep Belief 

Networks 

Robust 

pedestrian 

detection 

Computationally 

expensive 

LSTM for 

Behavior 

Prediction 

Sequence 

Analysis 

Data sensitivity 

CNN for 

Object 

Detection 

High 

Accuracy 

Requires large 

datasets 

AI-Based 

Drowsiness 

Detection 

Early 

Warning 

system 

Privacy 

concerns 

 

IX. CONCLUSION 

This research successfully integrates CV and NLP 

for accident detection and prevention. The system 

ensures: 

 Real-time drowsiness monitoring using CV-

based facial tracking. 

 Proactive collision alerts via NLP-driven voice 

assistants. 

 Automated emergency responses using an e-

chip and sensor network. 

Future Directions 

1. Optimizing for Real-Time Efficiency: 

Implementing lightweight AI models. 

2. Autonomous Vehicle Applications: Enhancing 

AV safety mechanisms. 

3. Personalized Driver Assistance: Tailoring 

alerts based on individual driving patterns. 
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