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Abstract. This paper focuses on creating an overview of the current state of research (state 

of the art) on systems and equipment for active and passive safety of the vehicles. After 

classifying them, the limits are identified, as well as the technical solutions that are based 

on design technologies intended to increase the safety of vehicle occupants, pedestrians or 

other traffic participants in the event of an impact or in case of its prevention. Future 

approaches are presented at the end of the paper in terms of technical solutions of vehicles 

with Highly Automated Driving (HAD) technology, as well as how autonomous vehicles 

work. 
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Introduction 

 

Automobile safety is an aspect of the competitiveness of manufacturers and 

therefore specific importance is given to the development of the safety systems that 

equip the vehicle. How they lead to traffic safety depends on a number of factors, 

such as: the transport infrastructure through the construction of roads and their 

quality, the technical specifications of the vehicle, equipping with intelligent 

control devices or ITS (Intelligent Transport Systems), the experience and adequate 

training of the driver, compliance with the rules and road markings, as well as the 

correct usage of restraint systems intended for the occupant of the vehicle [1]. The 

safety of a motor vehicle can be assessed by the possibility of an accident occurring 

or the way in which other traffic participants may be affected, as well as the 

probability of injury of the occupants or pedestrians [2].  

The main objective of this work is to provide an overview of the current state of 

research (state of the art) on systems and equipment for active and passive vehicle 

safety. Considering that the improvement of these systems, however, will occur 

together with the development and modernization of the conventional vehicle, a 
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second direction as well as a secondary objective of this paper is the identification 

of future technical solutions of vehicles with Highly Automated Driving (HAD) 

technologies, as well as of autonomous vehicle. 

 

Systems classification 

 

Vehicle safety is based on two main categories, namely passive and active safety, 

through systems and equipment that are integrated inside and outside of a vehicle.  

Passive safety includes all the constructive features aimed at reducing the 

consequences of an accident to a minimum and mitigating injuries to vehicle 

occupants. These systems play a particularly important role when the driver of the 

vehicle can no longer actively intervene in avoiding the collision. Passive safety 

can be divided into external and internal passive safety. External passive safety 

refers to reducing the risks of road accidents outside the vehicle, in the case of 

collisions with pedestrians or cyclists by mitigating their injuries and an optimal 

deformation behavior of the vehicle structure, as shown in Figure 1. 

 

 

 

 
Fig. 1. External passive safety [3]. 

 

Internal passive safety is the protection of the vehicle through structural elements 

that minimize the acceleration and internal forces applied to the occupants in the 

event of an impact, and also provide sufficient space for survival and ensure 

operability of critical vehicle components to extricate occupants from the vehicle 

[1]. The layout of passive safety systems inside a car is shown in Figure 2. 
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Fig. 2. Internal passive safety [4]. 

 
The passive safety systems inside a vehicle are: 

1 - Frontal airbag for the driver of the vehicle 

2 - Front passenger airbag 

3 - Curtain airbag for the side windows 

4 - Front side airbag 

5 - Driver pretensioner (the seat belt assembly also consists of a buckle and a 

retractor) 

6 - Passenger pretensioner (the seat belt assembly also consists of a buckle and a 

retractor) 

7 - Rear-right retractor (the seat belt assembly also consists of a pretensioner and a 

buckle) 

8 - Rear-left retractor (the seat belt assembly also consists of a pretensioner and a 

buckle) 

9 - Headrest 

10 - The internal structure of the board with damping elements 

11 - Calculator opening shock sensing airbag 

12 - "Isofix" child seat attachment systems [4]. 

The role of active safety is to prevent accidents and Figure 3 presents a simplified 

classification that reflects the diversity of active safety systems in the context of 

different areas of vehicle dynamics [5]. 

 

 
Fig. 3. Overview of active safety systems [5]. 
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Systems limits 

 

The limitations of active or passive safety systems can be classified into two 

categories: the limits imposed by international regulations, respectively the limits 

related to comfort, efficiency and functionality. 

An aspect that must be mentioned is that the limits of international standards are 

applied when the provided safety systems are used in a correct way by the 

occupants of the vehicle. Constructive limits are set by the manufacturer to meet 

legal criteria and usually these limits are higher than the minimum requirements of 

international standards. For example, in the case of passive safety systems, various 

tests are carried out to verify that the constructive dimensions are in accordance 

with ECE 14 (distance between anchorage points), the tensile breaking limit is in 

accordance with ECE 16, climatic tests etc. Others factors must be taken into 

consideration so that the approach is completed, these factors refer to establishing 

the safety of the vehicle by means of biomechanical criteria, for testing passive 

safety systems also using dummies that imitate the human response during an 

accident [6]. An example would be when EURONCAP stars are awarded, an 

assessment is made of the probability of injury correlated with the kinematics of 

the occupant, the severity of the injuries being assessed with indices such as HIC 

(Head Injury Criterion) [7]. The international regulations through which passive 

and active safety systems are homologated are presented in Table 1 and Table 2. 
 

Table 1. Overview of international standards for passive safety systems. 

Equipment Regulations 

Seatbelt ECE 16, ECE 14, FMVSS 208, 

FMVSS 209 

Airbag ECE 114, FMVSS 208 

 

 
Table 2. Overview of international standards for active safety systems. 

Equipment Regulations 

ABS ECE 78, ECE 139, ECE 140, 

FMVSS 105, FMVSS 121, 

FMVSS 135 

ESC ECE 140, ECE 13-H,  

FMVSS 126, FMVSS 136 

 

The second approach refers to the limitations of passive safety systems that are 

related to the low comfort of vehicle occupants, such as wearing a seat belt, but 

there may also be limitations in terms of the functionality of these systems. 

Improper usage of seatbelt equipment can lead to injury and even death of 

passengers and the driver involved in the accident, one of the main factors being 

human error. Another limitation may be the impact protection of the airbags used, 

they either deploy too quickly or do not provide full protection for the occupants 

depending on the type of accident. Another limitation of the airbag exists in the 
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case of multiple collisions, as they are designed to deploy only once, being 

ineffective after that. Also, when the impact sensors are avoided, the energy 

produced during the crash is no longer absorbed efficiently and the sensors may 

trigger with delays, leading to decreased safety during impact [19].  

In the case of active safety systems, the ABS equipment has an important 

limitation, namely that braking with ABS activation does not take into account the 

distance to the next vehicle. These systems are also less effective on snow or ice. 

The efficiency of the ESC/ESP systems is significantly reduced for vehicles with a 

high center of gravity or when driving on the ground and individual settings are 

required to calibrate the driver monitoring system [8]. The effectiveness of active 

safety systems can be reduced when human error is also involved, such as the 

production of unexpected and unnecessary warnings due to a lack of attention or an 

inadequate driver reaction by braking hard. Another situation can be when the 

signals emitted by the safety systems are in contradiction with the driver's desire 

and frustration can occur at the psychological level, which can lead to unwanted 

behavior or even to a decrease in attention while driving [9].  

 

Technical solutions 

 

The systems identified for passive and active safety are based on design 

technologies intended to increase the safety of vehicle occupants, but also of 

pedestrians or other traffic participants in the event of an impact or in case of its 

prevention.  

In the case of three-point seat belts, in order to increase safety, some assemblies 

have pretensioning devices. During an impact, they have the role to retract off a 

part of the webbing, thus tightening the seat belt on the occupant and holding him 

in the seat. These devices are triggered very quickly, thus reducing the forces 

developed during the collision and the occupant's forward movement is reduced. In 

general, after the pyrotechnic capsule inside the pretensioning device exploded, the 

occupant is held in the seat until a certain load is applied. To decrease the load 

applied to the occupant's chest, the load limiter device gradually releases the 

webbing from the retractor, allowing the occupant to move forward while 

absorbing energy, Figure 4, [10], [20].  
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Fig. 4. How three-point seat belt with load-limiter and pretensioner works [20]. 

 

The airbag is a passive safety system, which has an air cushion that inflates quickly 

during a collision to protect the occupant from hitting objects inside the vehicle 

[11]. 

The seat belt and airbag can be combined to form the so-called inflatable seatbelt. 

The concept has existed since 1975, the technical solution being presented in the 

studies [12] and [13]. 

However, the use of conventional safety belts can cause certain injuries to the 

occupants, so to combat this effect the inflatable belt is the most suitable, Figure 5. 

The area where the webbing comes into contact with the occupant is larger, thus 

improving protection. Therefore, the load generated after the collision will not be 

distributed in a single area of the occupant [14].  

 

Fig. 5. Inflatable seat belts [21]. 
 

Inflatable shoulder belts (Figure 6) can offer a solution to reduce the load applied 

to the neck and to mitigate the injuries in case of side impact, because after 

inflation they can protect the chin of the occupant, limiting the movement of the 

head [15]. 
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Fig. 6. Inflatable shoulder belt [15]. 

 

The technical solutions of the active safety systems must ensure higher safety in 

order to prevent road accidents, as well as a high level of comfort for the 

occupants. To fulfill these requirements, along with the modernization of the main 

active safety systems, the Advanced Driver Assistance Systems (ADAS) were 

developed. Equipping vehicles with radars and cameras made it possible to 

communicate with the environment, a schematic illustration of these systems being 

presented in Figure 7. The information is transmitted to the ECU, which also 

receives the information from the active safety systems. Consequently, objects such 

as a vehicle or truck, as well as pedestrians, can be identified and distinguished. It 

also became possible to establish the position and movement velocity of these 

objects. Another characteristic is that they can recognize traffic signs. 

 

Fig. 7. Communication of active safety systems [16]. 
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Accessing all information about the status of vehicles equipped with such systems 

while driving is possible through the FlexRay or CAN common vehicle networks 

[16]. 

One of the future technologies for the safety of a vehicle is Highly Automated 

Driving (HAD), offering the possibility for the driver to partially withdraw from 

the task of driving. The main objective of Highly Automated Driving is to increase 

safety, comfort and also efficiency. The development of this technology is not 

simple, because it must at least ensure the already existing safety of conventional 

vehicles and has hardware components, but also very complex software 

applications. Another difficulty is ensuring reliability and avoiding some defects of 

the parts that can endanger the occupants of the vehicle and other traffic 

participants. Complexity also increases because the technology must not rely on 

human supervision. Using wireless connections, the vehicles will connect to map 

services, the infrastructure also consisting of back-end, cloud-type systems, traffic 

lights etc. [17]. The scheme of such a vehicle is shown in Figure 8. 

Fig. 8. Schematic illustration of Highly Automated Driving technology [17]. 
 

In the future, the modernization of the conventional vehicle will offer the 

possibility of autonomous driving. How does such an autonomous vehicle work? A 

schematic illustration of how it works and how to ensure traffic safety is shown in 

Figure 9. 
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Fig. 9. How a self-driving vehicle works [18]. 

 

The autonomous vehicle technology will be improved and it will be highly 

researched, where the driver's driving task is reduced to a minimum or completely. 

However, this technology is not without risks for the occupants and other traffic 

participants, especially due to the complexity of the situations that may arise in 

traffic [18]. 

 

Conclusions 

 

Vehicle safety has a particular importance in the construction of a vehicle, 

representing an aspect of the competitiveness of vehicle manufacturers, as well as a 

legal aspect in international regulations regarding homologation. 

Active and passive safety systems are used to ensure the safety of vehicle 

occupants, pedestrians, as well as to reduce or even prevent vehicle accidents. 

To increase comfort, safety and efficiency, a new concept of driving the vehicle 

has been developed, an autonomous vehicle concept, based on multiple researches 

and expertise, the technology representing the future in terms of driving a vehicle. 

Future studies should not be limited to a few types of accidents with limited 

variation, but should interpret the traffic situation as a whole. Using this premise, 

the concept of autonomous driving can raise many dilemmas, the most important 

being the simulation of a rational decision, through the use of artificial intelligence.  
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