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 Abstract 

 Road accidents continue to claim a significant 

number of human lives every day, primarily due 

to driver error, unfavorable road conditions, and 

mechanical failures. Conventional braking 

systems rely entirely on human reaction and often 

fail to prevent collisions in critical situations 

involving sudden obstacles. Although 

autonomous emergency braking systems have 

proven effective in reducing accidents, they are 

predominantly available only in high-end vehicles 

due to cost constraints. 

This research proposes a low-cost autonomous 

emergency braking system using deep 

learning, hybrid sensors, and hybrid data to 

enhance road safety in budget vehicles. The 

system dynamically adjusts vehicle speed based 

on obstacle distance and time-to-collision (TTC) 

estimation. A novel braking strategy 

incorporating recovery braking and release 

braking is introduced to ensure both safety and 

ride comfort. By utilizing edge-cloud processing 

and multiple sensor inputs, the proposed system 

enables rapid decision-making during emergency 

scenarios. The primary objective is to accurately 

detect obstacles and autonomously decelerate or 

stop the vehicle to minimize collision severity and 

fatality rates. 

Keywords: Hybrid sensors, Autonomous 

braking, Collision avoidance, Time-to-Collision, 

Recovery braking, Release braking 

 

1. Introduction 

 The rapid growth in vehicle usage has 

led to a proportional increase in road 

accidents, making vehicle safety a critical 

concern. Many accidents occur due to 

delayed driver response, fatigue, 

intoxication, or unexpected obstacles. 

Traditional braking systems are entirely 

dependent on the driver’s judgment, 

which can be insufficient during 

emergency conditions. 

 Advanced safety technologies such as 

Anti-lock Braking Systems (ABS), speed 

sensors, and collision avoidance systems 

are currently integrated only into luxury 

or sports vehicles, limiting their 

accessibility. To address this gap, this 

work presents an autonomous smart 

braking and speed control system that 

can be implemented in low-end vehicles 

using affordable hybrid sensors and data-

driven intelligence. 

 The proposed system employs Time-

to-Collision (TTC) as a key metric to 

differentiate between normal and 

emergency braking conditions. Smooth 

braking is achieved through pressure-

based profiles that reduce vehicle jerk, 

thereby improving passenger comfort. 
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Furthermore, tire–road friction 

characteristics are incorporated to 

calculate optimal braking force under 

varying road conditions. 

 
2. Hybrid Sensor Framework 

 The system integrates multiple 

sensors to enhance environmental 

perception and driver monitoring: 

 Weather sensors measure 

temperature, humidity, wind speed, 

pressure, and precipitation. 

 Alcohol sensor (MQ-3) detects 

ethanol vapors to identify drunk 

driving. 

 Ultrasonic sensors estimate obstacle 

distance using ultrasonic wave 

reflection. 

 Infrared (IR) sensors detect nearby 

objects and ambient changes. 

 Vision and radar sensors provide 

robust object detection across varying 

distances and lighting conditions. 

 The fusion of hybrid sensors 

improves accuracy, reliability, and 

situational awareness. Additionally, a 

hybrid dataset combining historical and 

real-time data reduces computational 

overhead and improves decision 

efficiency. Data processing is distributed 

between edge devices and cloud servers 

to enable faster response times. 

3. Sensor Comparison 

S.No Sensor Function 

1 
Temperature 

Sensor 

Measures 

ambient 

temperature 

2 
Ultrasonic 

Sensor 

Obstacle 

detection and 

distance 

measurement 

3 Radar Sensor 
Long-range 

object detection 

4 LiDAR Sensor 
High-accuracy 

target detection 

5 
Hall Effect 

Sensor 

Detects wheel 

rotation and 

magnetic 

changes 

6 
Piezoelectric 

Sensor 

Detects collision 

impact 

7 
Wheel Speed 

Sensor 

Identifies 

sudden 

deceleration 

8 IR Sensor 
Detects object 

proximity 

9 
Camera–

Radar Fusion 

Improves object 

tracking 

accuracy 

10 
Radar & 

Vision Sensors 

Cross-validates 

object detection 

11 
Alcohol 

Sensor (MQ-3) 

Detects drunk 

driving 

12 
Eye & Tilt 

Sensors 

Detects driver 

drowsiness 

13 Speed Sensor 
Measures 

vehicle speed 

14 
Proximity 

Sensor 

Detects nearby 

obstacles 

15 
Parking 

Sensors 

Detects parking 

obstacles 

16 Light Sensor 
Measures light 

intensity 

17 Motion Sensor 

Detects human 

or object 

movement 
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4. Algorithm Comparison 

S.No Algorithm Purpose 

1 

Automatic 

Emergency 

Braking 

Collision 

detection 

during driver 

braking 

2 

Autonomous 

Braking 

(TTC-based) 

Calculates 

collision risk 

3 

System 

Operation 

Algorithm 

Front-vehicle 

collision 

avoidance 

4 

Partial 

Braking 

Algorithm 

Smooth 

braking using 

recovery and 

release zones 

5 
Full Braking 

Algorithm 

Emergency 

sudden 

braking 

6 
Grid 

Clustering 

Object 

clustering 

using 

connected 

regions 

7 

Real-Time 

Vehicle 

Detection 

LiDAR-image 

ROI fusion 

8 
Neural 

Networks 

Vehicle 

detection and 

classification 

9 
Tracking 

Algorithm 

Maintains 

object 

continuity 

10 

Pedestrian 

Protection 

AEB 

Pedestrian 

detection and 

braking 

11 

Regenerative 

Braking 

Control 

Torque 

distribution 

12 

Driver 

Intention 

Detection 

Predicts driver 

behavior 

13 
Mazda 

Algorithm 

Safe following 

distance 

estimation 

14 
Berkeley 

Algorithm 

Collision 

warning range 

estimation 

15 
Honda 

Algorithm 

Warning and 

avoidance logic 

16 
AABS 

Technology 

Distance-based 

autonomous 

braking 

 

5. Braking Strategy Using  

Time-to-Collision 

 Time-to-Collision (TTC) is computed 

based on the relative motion between the 

host and leading vehicles. Assuming 

constant acceleration, the relative 

displacement is given by: 

1. s(t) = 𝒔𝟎 + 𝒗𝟎t + 
𝟏

𝟐
 𝒂𝟎 𝒕

𝟐 

where , 𝒔𝟎 , 𝒗𝟎, 𝒂𝟎  and are the 

measured relative displacement, 

velocity, and acceleration between the 

preceding and following vehicles, 

respectively. 

2. TTC = {

−𝑣0−√𝑣0−2𝑎0𝒔𝟎 
2

𝑎0

−
𝑠0

𝑣0

  

6. Braking Force Calculation  

(Recovery Braking) 

 

 
If (𝑎0 > 0 and 𝑣0  ≤  − 2𝑎0𝑠0 
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3. 𝑚𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑣𝑡 + ∫ ∑𝐹 𝑑𝑡 = 
𝑡+∆𝑡

𝑡
  

 𝑚𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑣𝑡+∆𝑡 

 (𝑡0  ≤ 𝑡 ≤  𝑡0 + ∆𝑡𝑟𝑒𝑐 ) 

4. ∑𝐹 =  𝐹𝑓𝑤  + 𝐹𝑟𝑤 - F - 𝑚𝑣𝑒ℎ𝑖𝑐𝑙𝑒 g sin 𝜃 

5. 𝐹 = 
1

2 
 A𝜌𝐶 𝑉 

𝑚𝑣𝑒ℎ𝑖𝑐𝑙𝑒  −  𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 

g – Acceleration of gravity 

𝜃 - Uphill grade 

F_(fw )– Longitudinal force acting on 

the front wheel 

F_(rw )– Longitudinal force acting on 

the rear wheel 

F – Aerodynamic drag force 

A-Frontal area of the vehicle 

𝜌 − 𝐴𝑖𝑟 𝑀𝑎𝑠𝑠 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

C- drag coefficient 

V – represents the relative speed 

between the vehicle and the air. 

 

Conclusion 

 This research presented a low-cost 

Automatic Emergency Braking System 

(AEBS) based on deep learning, hybrid 

sensors, and hybrid data fusion to 

enhance road safety and reduce accident 

severity. By utilizing Time-to-Collision 

(TTC) as a primary decision metric, the 

proposed system effectively 

differentiates between normal driving 

conditions and emergency scenarios, 

enabling appropriate braking actions 

through recovery braking and release 

braking strategies. 

 The integration of multiple sensors—

including ultrasonic, radar, IR, weather, 

alcohol, and driver-monitoring sensors—

improves environmental perception and 

driver awareness, leading to more 

accurate and reliable collision detection. 

The use of edge-cloud processing 

ensures faster decision-making while 

maintaining computational efficiency. 

Additionally, incorporating vehicle 

dynamics and tire–road friction 

characteristics allows smooth braking 

with reduced jerk, thereby improving 

passenger comfort without 

compromising safety. 

 Unlike existing autonomous braking 

systems that are limited to high-end 

vehicles, the proposed architecture is 

designed to be cost-effective and 

scalable, making it suitable for 

deployment in low-end and mid-range 

vehicles. The results indicate that the 

system can significantly minimize 

collision impact and potentially reduce 

road accident fatality rates. 

 Future work will focus on real-time 

implementation, large-scale dataset 

training, and performance evaluation 

under diverse traffic and weather 

conditions, as well as extending the 

system to support V2V and V2I 

communication for enhanced 

cooperative safety. 
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