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ASTRACT. 

The fast growth of road transportation and the growing complexity of 

vehicles have made the need for better automotive safety systems even more 

urgent.  There are two main types of automotive security systems: active and 

passive. Both are very important for keeping people safe and preventing accidents.  

Active systems, like the Anti-lock Braking System (ABS), the Electronic Stability 

Control (ESC), and the Advanced Driver Assistance Systems (ADAS), are meant 

to stop crashes by always keeping an eye on how the vehicle is moving and the 

environment around it.  When a crash is unavoidable, passive systems like airbags, 

seatbelts, and crash crumple zones protect people inside the car.  This paper offers 

a comparative analysis of active and passive automotive security systems, 

evaluating their functionalities, operational principles, technological innovations, 

and their tangible effects on the reduction of accidents.  The research underscores 

the increasing inclination to amalgamate sensor-driven smart systems and machine 

learning in active safety sectors, while also stressing the enduring significance of 

passive systems as a final line of defense.  There are also suggestions for future 

research and development. 
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INTRODUCTION. 

Road safety remains a major global concern, with millions of road traffic 

accidents reported every year [1].   Studies of traffic safety around the world show 

that human error is to blame for more than 90% of traffic accidents [2], [3]. This 

means that modern vehicle design needs to include safety and protective features.  
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Automotive security systems are classified into two main categories: active 

systems, which prevent accidents, and passive systems, which reduce injuries 

when crashes occur [4].  

 With the rapid development of electronic control technologies, machine 

learning, and sensor-fusion architectures, modern vehicles increasingly rely on 

advanced active systems to enhance situational awareness and driving stability.Yet 

passive systems remain critical for occupant protection in unavoidable accidents 

[5]. This paper compares active and passive automotive security systems, explores 

their functions and contributions to road safety, and examines current trends in 

vehicle security technologies. 

ACTIVE AUTOMOTIVE SECURITY SYSTEMS.  

Before an accident happens, active security systems work.  Their main job is 

to keep vehicles stable and avoid collisions by constantly keeping an eye on the 

driver's actions, the vehicle's condition, and the area around it [6]. 

 Active safety systems use a lot of different electronic and electromechanical 

technologies to help the driver stay in control and stay out of dangerous situations.  

These systems work all the time, using sensor data in real time to predict possible 

dangers and take action when needed.  Table 1 lists the main active automotive 

safety systems and what they do [7], [8]. 

Table 1. Most common active safety systems 

System Function 

ABS (Anti-lock Braking 

System) 

Prevents wheel lock-up during braking 

ESC / ESP Maintains vehicle stability by applying brake force 

to individual wheels 

Traction Control System (TCS) Prevents wheel spin during acceleration 

Autonomous Emergency 

Braking (AEB) 

Automatically brakes to avoid or mitigate collision 

Lane Keeping Assist (LKA) Keeps vehicle within lane boundaries 

https://confrencea.org/


ICARHSE 
International Conference on Advance Research in Humanities, Sciences and Education 

https://confrencea.org                                        Hosted from London The UK  November 4th 2025 

64 
 

Adaptive Cruise Control 

(ACC) 

Maintains safe distance from vehicles ahead 

Blind Spot Detection (BSD) Alerts driver about vehicles in blind spot 

Tire Pressure Monitoring 

System (TPMS) 

Monitors inflation pressure to prevent blowouts 

Modern active safety systems use a network of sensors and electronic 

control units to keep an eye on things like how the vehicle is moving, what the 

driver is doing, and the state of the road around it.  Some of the most important 

parts are radar, ultrasonic sensors, cameras, wheel-speed sensors, steering angle 

sensors, and inertial measurement units.  These devices send real-time data to the 

controllers on board, which use advanced algorithms to process the information 

and look for possible loss-of-control events or collision risks.  When the system 

sees a threat, it automatically steps in by using things like selective brake 

application, torque reduction, steering assistance, or emergency braking activation. 

 The main purpose of active safety technologies is to stop accidents from 

happening by making vehicles more stable, helping drivers be more aware of their 

surroundings, and making up for mistakes made by people.  There is a lot of proof 

that they work; for instance, electronic stability control cuts down on single-

vehicle crashes by a lot, and automated emergency braking systems can cut down 

on rear-end collisions by up to 40%.  As car technology gets better, active systems 

are getting smarter and more connected. This is the basis for advanced driver-

assistance systems and self-driving cars in the future.  In this way, active safety is 

still an important part of road safety because it keeps an eye on possible dangers 

and helps the driver keep the vehicle safe. 

PASSIVE AUTOMOTIVE SECURITY SYSTEMS.  

Passive security systems turn on when a crash happens or after it happens.  

Their main goal is to lessen the severity of injuries [9], [10].  When a crash is 

unavoidable, passive automotive safety systems are the last line of defense.  Active 

systems work to stop accidents from happening, while passive systems are made to 
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protect people in the car during and after the crash and to lessen the severity of 

injuries [11].  These systems use structural engineering, mechanical restraint 

devices, and crash-response technologies to absorb impact forces, keep the cabin 

intact, and lower the risk of injury.  Table 2 gives a brief overview of the main 

passive safety systems and what they do.  Passive systems work by using sensors 

or mechanical parts.  Modern cars use accelerometers, pressure sensors, and crash 

algorithms to deploy airbags in less than a second.  Even though technology has 

changed, seatbelts are still the best safety device, cutting down on fatal injuries by 

about 45%. 

Table 2. Most common passive security systems 

System Function 

Seatbelts Primary restraint system to secure occupants 

Airbags Cushioning protection during impact 

Head restraints Prevent neck injuries in rear-end collisions 

Crumple zones Absorb crash energy by deformation 

Safety cell structure Protect occupant survival space 

Collapsible steering column Reduces chest/head injury 

Pedestrian protection structures Minimize injury to pedestrians 

  

COMPARATIVE ANALYSIS.  

Both active and passive automotive safety systems make vehicles much 

safer, but they work at different times during a possible collision and use different 

technologies.  To judge how well these systems work to keep people safe and 

prevent accidents, you need to know how they work differently.  Table 3 below 

gives a side-by-side look at active and passive safety systems, pointing out their 

main features, how they work, what technology they need, and what they are 

meant to do. 

Table 3. Comparison between active and passive security systems 

Criteria Active Systems Passive Systems 
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Purpose Prevent accidents Reduce injury severity 

Operation Phase Pre-crash During/post-crash 

Key 

Technologies 

Sensors, ECUs, control 

algorithms 

Energy-absorbing structures, 

restraint mechanisms 

Dependency Electronic systems, power 

supply 

Mechanical + limited ECUs 

Maintenance Requires calibration and 

software updates 

Periodic inspection (airbags, belts) 

Real-Time 

Action 

Yes No action until crash 

Cost Higher Moderate 

  

CONCLUSION.  

Modern car safety is built on active and passive safety systems working 

together.  Active systems use advanced sensing and control technologies to stop 

crashes from happening, while passive systems protect people inside the car when 

a crash is unavoidable.  As self-driving cars and smart transportation become more 

common, active safety technologies are becoming more important.  But passive 

systems are still very important as a last line of defense.  Future improvements will 

keep adding intelligence, connectivity, and better ways to respond to crashes to 

make roads safer and lower the number of deaths on them. 
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