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Introduction
The technology of application of airbags has proven successful 

over time as compared to other ways of ensuring safety in vehicles as 
headrests and seatbelts. The older models airbags, but also some new 
and intelligent ones also can cause injuries in children and adults 
people. The combination of side and front airbags significantly reduce 
the risk in an accident [1] but these safety systems are not universal. 
This suggests the use of specific airbag systems associated with the 
materials of which are made, their location in the vehicle interior, 
systems for their operation associated with sensor technology and 
actuators included in this area. The systems for activation of the airbags 
are not so sophisticated, they can be activated at wrong moment. For 
example, weight sensors are activated by the pressure exercised by the 
passenger, when he sits on the seat. In this case, the airbag is activated 
in an accident. If on the passenger seat is placed capacious object with 
greater weight it will also lead to activation of the airbag [2].

Most of the developments related to airbags are related to safety 
of the driver and front passenger, and those in the back seat against 
the direction of movement of the car. 40% of collisions and 30% of the 
causes of injury to passengers are in a side collision [1,3,4].

In the literature [5-7] states that the development of side airbags 
is much harder than front it depends of textile materials, sensors used 
and time for deployment. Much of the energy in a frontal collision is 
absorbed by the bumper, the bonnet and the engine, the reaching blow 
wave to the driver and passengers going for 30-40 ms. In a side blow 
the time to reach blow wave is 5-6 ms as the only barrier is the door 
of the car. These times are critical in the development of systems for 
control of airbags.

The aim of this report is a comparative analysis of sensors used to 
activate the airbags in terms of their advantages and disadvantages and 
to analyze a software sensor for activation of airbags for active safety 
in the car.

Exposure
Using intelligent airbag systems improves the sensing functions 

and control options for the airbag inflation process. Such improvement 
functions are [1]:

Ø Impact severity detection through improvement of triggering 
algorithm;

Ø Seat belt usage detection;

Ø Occupant presence, position and weight;

Ø   Seat position and back rest inclination detection;

Ø  Introduction of up to ten and more different triggering 
thresholds;

Ø  Depowered airbag: it use reduced gas inflator power, which 
leads to a reduced inflation speed, inflation severity and risk to 
occupants.

The application of sensors and actuators for activation of air bags 
must meet certain restrictions [2,5]: a small amount of equipment 
including airbag control system; reducing the cost of production and 
installation; improve safety; enhancing ergonomics.

Different types of sensors measuring wheel speed, seat occupant 
status, brake pressure and impact, and other vehicle status indicators 
are monitored by the airbag control unit located in the front portion 
of the cabin. The sensors relay signals to the airbag control unit, which 
analyzes the data and can control safety features like seat belt lock, 
automatic door locks, as well as airbag deployment. The advantages 
and disadvantages of airbag deployment sensors are described in Table 1.

The choice for suitable sensors for smart airbag application has 
to be taken in consideration of the following criteria [3]: System cost; 
Bandwidth; Latency; Determinism; Safety; Recovery actions; Physical 
layer.
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Abstract
The report represents the peculiarities of using intelligent airbags in cars. A review is made of the sensors used 

to activate the airbag system in terms of their advantages and disadvantages. Presented are software applications 
using the capabilities of the hardware of sensor devices in order to build a common signal. Based on a study of 
literature is developed a software sensor for airbag deployment depending on the object on passenger seat. The 
work of this sensor is studied in case of interrupted any of the input signals. The results show that by combining 
data from three hardware sensors is received error up to 5% in distinguish between the objects on the passenger 
seat of the car. The dropping of the signal in hardware sensors affects the accuracy of i dentifying the object on the 
passenger seat.
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developed by him activation system for intelligent airbag. The system 
consists of three sensors - ultrasonic for distance, temperature and 
passive infrared sensor PIR. The author is investigated raw data from 
the three sensors for objects on passenger seat-Empty seat, 1 year old 
child, 2 years old child, 7 years old child, 13 years old child, 22 years old 
man, Box, Dog laying.

Examples of the operation of the the three sensors are presented 
in Figure 1.

In this study the data were processed with Kalman filter [15]. 
Combining of the data is done through a central limit theorem [16] 
and Fraser-Potter fixed-interval smoother [17,18].

The output signal yc and its dispersion σc is calculated by:
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where X1, X2 and X3 simultaneously measured signals with their 
dispersions σ1, σ2 and σ3.

Systems using video sensor have proven over the years as successful 
in identifying persons determining the position of the body and the 
head of the driver or passenger, which is proven by numerous studies 
[8-12]. Despite the fact that systems using video sensor have proven 
their advantages in the study of triggering systems, they are not 
adopted by the automotive industry [13]. One of the reasons is that 
many consumers do not want to be photographed by cameras.

In recent years there has been entering in mobile devices, industrial 
automation, software-based sensors that are not technically feasible, 
but actually retrieve data from one or more hardware-based sensors 
and based on their values made its own result [14]. Interesting 
problem in the operation of the sensors is the reconciliation of data 
derived from multiple hardware sources, in which can be generated 
synthetic indications of new characteristics. A typical example of such a 
combination is the result of the data, those which develop the software 
sensors.

Material and Methods
Data from [13] is used, where the author analyzes the work of 

Sensor Advantages Disadvantages Reference
Accelerometer Simple design, easy to use, using different

principles of action - capacitive tenzo-, piezo, mechanical
Large shifts deadweight  may lead to nonlinearity  of the output signal [1]

Capacitive A large output signal and a good sensitivity, due to the low 
noise characteristics

Influence  of surrounding  electro- magnetic fields, which requires 
careful  shielding; Parasitic capacitance at the input of interface 
amplifiers

[17]

Ultrasonic Independence  of the optical properties  of the object; Linear 
relationship between the output signal and the measured 
distance.

Need appropriate  surface of the object and its location relative to the 
sensor; Relatively  high response time; Depending  of a the reading 
from  air condition

[13]

Infrared Widely available,  enough  information about their use Probability of false alarms due to heat flow - air conditioning, solar 
heating.

[13]

Temperature Continuous  temperature  monitoring; easy
installation and maintenance

Linear and non-linear  part of characteristic [13]

Video camera Separation of the object from background easily recognize 
the position of the head and body

Need  larger computational resources, and a longer time for data 
processing

[3,18]

Stereo camera The object is recognized in depth Need  larger computational resources, and a longer time for data 
processing

[4]

Infrared  camera Easily distinguish passengers  from luggage,  determining the 
position of the head and body; Less affected by sunlight 
and fog

Does not distinguish human from the background  at the same 
temperature; High cost of equipment.

[13]

Weight Easy to use, quick response Non-linearity  of the output characteristic; It can be activated when a 
heavy  object is on seat

[6]

Micro switch Easy to use, quick response Two states of outputs (on/ off);  It can be activated when a heavy 
object is on seat

[2]

Table 1: Advantages and disadvantages of the sensors used to activate the intelligent airbags.

7 years old child 22 years old man Dog laying

Figure 1: Examples of signals of three sensors.
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The results are processed with discriminant classifier using non-
linear separating function. The classification is evaluated by common 
error of classification.

In the combining of the data from sensors may be obtained falling 
or improper reading of the one of the sensors. In the study [13], 
such are the ultrasonic and temperature sensors, whose signals vary 
widely or entirely eliminated depending on the object standing on the 
passenger seat.

Results and Discussion
Based on the literature study and requirements for building 

software sensors [19-21] is proposed solution to a software sensor. 
In Figure 2 is a block diagram of the developed software sensor. The 
signals from the three sensors are precisely filtered with Kalman Filter.

The filtered signals are fed to a program block for combining, the 
output of which gives the total signal.

The results of the software sensor that combine signals from three 
sensors-ultrasonic, PIR and temperature are presented in Figure 3. A 
visible difference is observed between the signals of the software sensor 
depending on the object on the vehicle seat.

In Figure 4 are examples of separability between objects on the 
passenger seat by signals from software sensor.

In Table 2 are presented the results of the classification using the 
combined signal of the three sensors.

A research is done on the work of developed software sensor in case 
of interruption of one of the input signals.

In Figure 5 are presented output signals from the software sensor 
using data from the two sensors – temperature and PIR. There is less 
identifiability of signals compared to variants using combined data 
from three sensors.

Figure 2: Block diagram of a software sensor.

Empty seat 2 years old child
Dog laying

Figure 3: Examples of signals from the sensor software.

1 year old child – 2 years old
child, е=4%

1 year old child – 7 years old child,
е=5%

Dog laying – Box, е=0%

Figure 4: Examples of distinguishing the signals from the sensor software.
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In Figure 6 are examples of Severability between objects on the 
passenger seat by signals from the software sensor in case of failure of 
the ultrasonic sensor.

In Table 3 are presented the results of the classification using the 
combined signal of the two sensors, in case of interruption of the 
ultrasonic one.

In Figure 7 are presented output signals from the software 
sensor using data from the two sensors – ultrasonic and PIR. There 
is less identifiability of the signals compared to the variant using the 
combined data from the three sensors, but better compared to the use 
of temperature and PIR sensors.

In Figure 8 are examples of separability between objects on the 
passenger seat by signals from the software sensor in case of interrupted 

temperature sensor. Table 4 summarize all of the results in this case.

In Figure 9 are summarized the results of the study. With the “+” 
are marked ability to separate object with an error of less than 5%, and 
with “-” results with higher error.

The results show that the separation of objects is able by using the 
combination of the signals of the three sensors. The greatest impact on 
the performance of the software sensor has the fall of the ultrasonic 
sensor (Table 5).

Conclusion
The presented material considered prerequisites and techniques for 

the application of sensors to activate the intelligent airbags depending 
on the position and characteristics of the occupants. The principles 

Empty seat 2 years old child        Dog laying

Figure 5: Examples of signals from the software sensor in case of interruption of an ultrasonic sensor.

1 year old child – 2 years old
child, е=28%

2 year old child – 7 years old child,
е=2%

Dog laying – Box, е=3%

Figure 6: Examples of differentiation of signals from  the software sensor in case of interrupted ultrasonic sensor.

Ages Empty seat 1 year old 
child

2 years old 
child

7 years old 
child

13 years old 
child

22 years  old 
man

Box Dog laying

Empty seat x 0% 0% 0% 0% 0% 0% 0%
1 year old child 0% x 4% 5% 0% 0% 1% 0%
2 years  old child 0% 4% x 1% 0% 0% 0% 0%
7 years  old child 0% 5% 1% x 0% 0% 0% 0%
13 years  old child 0% 0% 0% 0% x 0% 1% 0%
22 years  old man 0% 0% 0% 0% 0% x 0% 0%
Box 0% 1% 0% 0% 1% 0% x 0%
Dog laying 0% 0% 0% 0% 0% 0% 0% x

Table 2: Results of classification using the combined signal of the three sensors.
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of operation and characteristics of sensors is systematically presented 
and their diversity, described are their advantages and disadvantages. 

Presented are software applications using the capabilities of the 
hardware of sensor devices in order to build a common signal. The 

Ages Empty seat 1 year old child 2 years old child 7 years old child 13 years old child 22 years  old man Box Dog laying
Empty seat x 0% 0% 0% 0% 0% 0% 0%
1 year old child 0% x 28% 1% 23% 2% 22% 0%
2 years  old child 0% 28% x 2% 5% 0% 41% 2%
7 years  old child 0% 1% 2% x 0% 0% 3% 36%
13 years  old child 0% 23% 5% 0% x 10% 3% 0%
22 years  old man 0% 2% 0% 0% 10% x 1% 0%
Box 0% 22% 41% 3% 3% 1% x 3%
Dog laying 0% 0% 2% 36% 0% 0% 3% x

Table 3: Results for identifiability of objects in case of interrupted ultrasonic sensor.

Ages Empty seat 1 year old child 2 years old child 7 years old child 13 years old child 22 years  old man Box Dog laying
Empty seat x 0% 0% 0% 0% 0% 0% 7%
1 year old child 0% x 1% 4% 0% 2% 0% 0%
2 years  old child 0% 1% x 0% 0% 0% 0% 0%
7 years  old child 0% 4% 0% x 0% 38% 0% 0%
13 years  old child 0% 0% 0% 0% x 0% 39% 0%
22 years  old man 0% 2% 0% 38% 0% x 0% 0%
Box 0% 0% 0% 0% 39% 0% x 0%
Dog laying 7% 0% 0% 0% 0% 0% 0% x

Table 4: Results for identifiability of objects in case of interrupted temperature sensor.

Empty seat        2 years old child         Dog laying

Figure 7: Examples of signals from the software sensor in case of interrupted temperature sensor.

1 year old child – 2 years old
child, е=1%

7 year old child – 22 years old
man, е=38% Dog laying – Box, е=0%

Figure 8: Examples of differentiation  of signals from  the software sensor in case of interrupted temperature  sensor.
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results presented illustrate the advantages and disadvantages of using 
a software sensor in case of failing of any of the signals transmitted to 
its input.

From the analysis of the results it is established that:

Ø By combining data from three hardware sensors is received error 
up to 5% in distinguishing between the objects on the passenger seat of 
the car;

Ø Dropping of the signal in the hardware sensors affects the 
accuracy of identifying the object on the passenger seat;

ØThe higher impact on the performance of the software sensor has 
the dropping of the signal from the ultrasonic sensor.

References

1. Mattutat VW (2000) Automotive Handbook, BOSCH (5th edn).

2. Satza A, Hammerschmidtb D, Tumpolda D (2009) Capacitive passenger 
detection utilizing dielectric dispersion in human tissues, Sensors and Actuators 
A: Physical 152: 1-4.

3. Adsul R, Joshi S (2013) Performance Modeling of Automotive Sensors and 
Sensor Interface Systems using Simulink. International Journal of Science and 
Research (IJSR) 2: 233-243.

4. Schreibera D, Luob Y (2007) Seat detection in a car for a smart airbag 
application, Pattern Recognition Letters 28: 534-544.

5. Cunningham K, Brown T, Gradwell E, Nee P (1999) Airbag associated fatal 
head injury: case report and review of the literature on airbag injuries, Airbag 
associated fatal head injury. J Accid Emerg Med 17: 139-142

6. Dineva P, Kazlacheva Z (2015) Design of women wear with three-dimensional 
elements, XXIV International scientific conference “Management and quality” 
for young scientists.

7. Kazlacheva Z, Ilieva J (2014) History of the costume and fashion.

8. Bailly K, Milgram M (2009) Boosting feature selection for Neural Network based 
regression, Neural Networks 22: 748-756

9. Boverie S, Devy M, Lerasle F (2003) Comparison of structured light and 
stereovision sensors for new airbag generations, Control Engineering Practice 
11: 1413-1421

10. Dimitrova A (2016) Analysis of SEM images of magnetically threated ceramic 
materials. Applied Scientific Journal Innovation and Entrepreneurship 4: 35-43

11. Georgieva K, Georgieva TS, Kirilova E, Daskalov P (2015) Classification of 
healthy and diseased vine leaves using color features, ARTTE 3: 296-302

12. Mladenov M, Penchev S, Deyanov M (2015) Complex assessment of food 
products quality using analysis of visual images, spectrophotometric and 
hyperspectral characteristics. International Journal of Engineering and 
Innovative Technology (IJEIT) 4: 23-32

13. Kee RS (2014) Detection Systems for Airbag Deployment, Honors Program 
Projects, p: 49

14. Ivanov M (2015) Specifics of the work of sensors and service for location in 
Android OS, Working Paper, Scientific electronic archive of the NBU, Sofia.

15. The Extended Kalman Filter: An Interactive Tutorial for Non-Experts.  

16. Wikipedia, Central limit theorem. 

17. Einicke G (2012) Smoothing, Filtering and Prediction: Estimating the Past, 
Present and Future. Rijeka, Croatia: Intech. 

18. Maybeck S (1982) Stochastic Models, Estimating and Control. River Edge, NJ: 
Academic Press, p: 291

19. Shivacheva G, Nedeva V, Yaneva M, Georgieva D (2015) Software for building 
virtual laboratories. XXIV International scientific conference “Management and 
quality” for young scientists, pp: 292-300.

20.  Stoykova V (2015) Interactive environments for training in the higher education. 
International Conference on e-Learning, e-Learning’15, Berlin, pp: 268-273.

21. Tasev G, Krastev K (2011) Exploration of mathematical model for optimization 
of frequency of diagnosis of the elements of machines, Proceedings of The 
11th International Conference, Reliability and statistics in transportation and 
communication, Latvia, pp: 115-119.

Figure 9: Summary analysis of the research results of a software sensor.
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Table 5: Summary analysis of the research results of a software  sensor.

https://www.abebooks.com/Automotive-Handbook-5th-edition-Bosch-GmbH/17292373047/bd
https://doi.org/10.1016/j.sna.2009.03.005
https://doi.org/10.1016/j.sna.2009.03.005
https://doi.org/10.1016/j.sna.2009.03.005
http://paper.researchbib.com/view/paper/8318
http://paper.researchbib.com/view/paper/8318
http://paper.researchbib.com/view/paper/8318
https://doi.org/10.1016/j.patrec.2006.10.007
https://doi.org/10.1016/j.patrec.2006.10.007
https://www.ncbi.nlm.nih.gov/pubmed/10718243
https://www.ncbi.nlm.nih.gov/pubmed/10718243
https://www.ncbi.nlm.nih.gov/pubmed/10718243
https://doi.org/10.1016/j.neunet.2009.06.039
https://doi.org/10.1016/j.neunet.2009.06.039
https://doi.org/10.1016/S0967-0661(03)00137-0
https://doi.org/10.1016/S0967-0661(03)00137-0
https://doi.org/10.1016/S0967-0661(03)00137-0
https://www.researchgate.net/publication/299341358_Analysis_of_sem_images_of_magnetically_threated_ceramic_materials
https://www.researchgate.net/publication/299341358_Analysis_of_sem_images_of_magnetically_threated_ceramic_materials
https://www.researchgate.net/publication/297729447_CLASSIFICATION_OF_HEALTHY_AND_DISEASED_VINE_LEAVES_USING_COLOR_FEATURES
https://www.researchgate.net/publication/297729447_CLASSIFICATION_OF_HEALTHY_AND_DISEASED_VINE_LEAVES_USING_COLOR_FEATURES
https://www.researchgate.net/publication/291520466_Complex_assessment_of_food_products_quality_using_analysis_of_visual_images_spectrophotometric_and_hyperspectral_characteristics
https://www.researchgate.net/publication/291520466_Complex_assessment_of_food_products_quality_using_analysis_of_visual_images_spectrophotometric_and_hyperspectral_characteristics
https://www.researchgate.net/publication/291520466_Complex_assessment_of_food_products_quality_using_analysis_of_visual_images_spectrophotometric_and_hyperspectral_characteristics
https://www.researchgate.net/publication/291520466_Complex_assessment_of_food_products_quality_using_analysis_of_visual_images_spectrophotometric_and_hyperspectral_characteristics
http://digitalcommons.olivet.edu/honr_proj/49/
http://digitalcommons.olivet.edu/honr_proj/49/
http://home.wlu.edu/~levys/kalman_tutorial/kalman_14.html
https://en.wikipedia.org/wiki/Central_limit_theorem
https://doi.org/10.5772/2706
https://doi.org/10.5772/2706
https://www.elsevier.com/books/stochastic-models-estimation-and-control/maybeck/978-0-12-480703-7
https://www.elsevier.com/books/stochastic-models-estimation-and-control/maybeck/978-0-12-480703-7
https://www.researchgate.net/publication/295784146_Software_for_building_virtual_laboratories
https://www.researchgate.net/publication/295784146_Software_for_building_virtual_laboratories
https://www.researchgate.net/publication/295784146_Software_for_building_virtual_laboratories
https://www.researchgate.net/publication/283490444_Interactive_environments_for_training_in_the_higher_education
https://www.researchgate.net/publication/283490444_Interactive_environments_for_training_in_the_higher_education
https://doi.org/10.1529/biophysj.107.117002
https://doi.org/10.1529/biophysj.107.117002
https://doi.org/10.1529/biophysj.107.117002
https://doi.org/10.1529/biophysj.107.117002

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Exposure 
	Material and Methods 
	Results and Discussion 
	Conclusion 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	References



