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PRELIMINARY ASSESSMENT OF THE ADVANCED DRIVER ASSISTANCE
SYSTEMS EFFICIENCY FROM THE SAFETY POINT OF VIEW

The paper presents benefits of Advanced Driverstsasie Systems (“ADAS”) application from the safedynt of view.
Statistical data on accidents on Polish roads i12@vas used as the basis for preliminary risk assest. Potential reduc-
tion of the number of accidents due to ADAS equiprper each of accidents’ type was estimated uaim@xpert method.
Knowing the participation of individual types anduses in the total number of accidents, assessofié¢hé influence of sys-
tems to improve road safety was possible. Estimzdesed out for the following systems: the Advah&mergency Braking
System ("AEBS"), the Adaptive Cruise Control ("AC&d the Lane Departure Warning ("LDW"). The réswhow that the
most effective is AEBS - reduction of the numbercoidents by 33%. If ACC was considered — 27%, |-DA®. For all three
driver assistance systems are active, the roadysafm increase by almost 47%.

INTRODUCTION

Nowadays, more and more often the cars are equipped with
systems that assistant the driver. These systems called Advanced
Driver Assistance Systems (‘“ADAS”) aim to raise road safety. ADAS
warn the driver to avoid car accidents and other road threats or take
control over a human. The issues related to ADAS are widely stud-
ied and developed by researchers in terms of safety [1][2][3][4][5][6]
and other issues [7][8][9].

It is obvious, that safety analysis is one of the priorities of sci-
ence in the world. Engineers use many methods and tools for risk
and reliability assessment. Development of safety engineering is
revealed by the ability to better identify possible hazards, consider-
ing safety issues at the design stage of technical equipment and
progress in the field of hazard prevention through the extension of
existing methods of risk and reliability analysis and proposing new
ones [10].

Risk analysis of such systems in this article is different from the
classical approach. It is shown as reduction of the number of acci-
dents compared to cars without additional equipment. In this case,
such an approach seems to be more effective in view of the fact that
it shows improvement of security and benefits of such systems.
Moreover, there is little data on the Polish conditions on the number
of cars and accidents for vehicles equipped with ADAS.

In this article mainly the following subsystems were considered:
Advanced Emergency Braking System (“AEBS”)
Adaptive Cruise Control (‘ACC”)

Lane Departure Warning (‘LDW")

—

STATISTICAL DATA ON ROAD ACCIDENTS
IN POLAND

Statistical data on road accidents are available through annual
reports called “Wypadki drogowe w Polsce w 2015 roku” (Road
accidents in Poland in 2015) [11] prepared by the Police. These
reports do not show whether a car was equipped with ADAS. Driver
Assistance Systems are introduced in new models of cars and only
10% of all cars in Poland are less than 5 years old. Cars equipped
with ADAS are therefore a substantial minority.

Statistical data relevant for further analysis (road accidents by
types and causes) are provided in this chapter.

1.1. Types of accidents in Poland in 2015

The most common accidents on Polish roads in 2015 are: side
impact (29.6%), hitting a pedestrian (25.6%), rear impact (12.1%),
frontal impact (9.2%), rollover (8%) and hitting a tree (5.4%). It is
shown in Fig. 1.
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Fig. 1. Types of accidents in 2015 in Poland [11]

1.2. Causes of accidents in Poland in 2015

The driver (82.8%) and pedestrian (7.9%) caused the most
common accidents on Polish roads in 2015. The data is shown in
Fig. 2.
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Fig. 2. Road accident culprits in 2015 in Poland[11]

The most common causes of accidents due to driver fault were:
non-compliance with the right way (26.5%), inappropriate speed for
the driving conditions (24.9%), incorrect behaviour towards pedes-
trians (15.2%), lack of safe distance (8.7%), incorrect overtaking
(5.4%), incorrect turning (3%), incorrect lane change (2.5%) and
tiredness, falling asleep (2%). It is shown in Fig. 3.
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Fig. 3. Causes of accidents due to the driver fault in 2015 in Po-
land[11]

The most common causes of accidents due to pedestrian fault
were; careless in front of a moving vehicle (55.9%) crossing a road-
way in a prohibited place (11.2%), careless crossing a roadway
behind the vehicle/obstacles (10.3%), crossing a roadway through a
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red light (8.2%), standing on the road, lying (7%), and walking the
wrong side of the road (5.5%). It is shown in Fig. 4.

careless crossing a roadw ay in front of a moving vehicle
crossing a roadw ay in a prohibited place
careless crossing a roadw ay behind the vehicle/obstacles

crossing a roadw ay through a red light

causes

standing on the road, lying
w alking the w rong side of the road
other causes

stopping on the road, turning back
1

0 102030405060

percent [%)]

Fig. 4. Causes of accidents due to the pedestrian fault in 2015 in
Poland[11]

2. DESCRIPTION OF THE ANALYZED ADVANCED
DRIVER ASSISTANCE SYSTEMS

21. Advanced Emergency Braking Systems

Main functionality of AEBS is to initiate the emergency braking
procedure if an obstacle, which the driver did not notice, is detected.
Sensors monitor the proximity of other objects and detect situations
that could cause a collision. In such cases, the system will automat-
ically activate brakes to avoid an accident.

2.2. Adaptive Cruise Control

Main function of this system is to maintain the established
speed and detect other vehicles moving on the same lane in front of
the car [12]. In case of the system detects a vehicle, the speed of
the vehicle equipped with ACC is reduced to compensate the dis-
tance between cars.

2.3. Lane Departure Warning

The focus of this system is to help the driver keep the vehicle in
the lane on highways and highway-like roads. Accordingly, a warn-
ing is issued to alert the driver in case of lane departure caused by,
for example, inattention. Moreover, LDW are not intended to issue
warnings with respect to collisions with other vehicles or to control
vehicle motions [13].

3. PRELIMINARY RISK ASSESSMENT

3.1. Description of the methodology

This analysis is not substantially risk analysis but assessment
of improving safety (decrease of the accident rate). Considerations
were performed using the expert estimates. Data from police reports
for 2015 connected with causes and types of accidents [2] (which
were presented in the previous chapter) were also used. Safety
improvement was determined using the reduction of accidents
coefficient specifying the percentage of accidents that could have
been avoided if ADAS have been applied. It was performed using
the expert method both for assessment concerning causes as well
as types of accidents.

The tables (Tab. 1, Tab. 2, Tab. 3 ) shows the conducted
analyses. The expert method was based on the assessment per-
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formed by the authors of this article. It was assessed which systems
would reduce the accident rate and to what extent. If it was consid-
ered that few systems could reduce the accident rate, first, coeffi-
cient for all active systems was estimated, and then (in parenthe-
ses) for each individual. In the analysis the causes and types of
accidents with the highest frequency were taken into account. The
rest of them were qualified for the category called “other”.

3.2. Expert estimation

For each cause or type of accident co-authors estimated which
systems can reduce the accident rate and to what extent. The re-
duction of accident coefficient was specified for all systems and
individually for each one.

The scale used for the expert assessment of the reduction of
accidents coefficient was as following:

90% - very big influence to reduce the number of accidents
70% - big influence to reduce the number of accidents

50% - medium influence to reduce the number of accidents
30% - small influence to reduce the number of accidents
10% - very small influence to reduce the number of accidents
0% - lack of influence to reduce the number of accidents

The expert could give also indirect assessments which were
multiples of 5% (0, 5, 10, 15, 20, ...)

The results of expert estimation are presented in Tab. 1, Tab.2
and Tab. 3.

Tab. 1. Expert estimation. Types of accidents

Tab. 3. Expert estimation. Causes of accidents due to the pedestri-

an fault
Which To what
?

Cause of accident: due to Frequency of SRS extentl. e

the fault of pedestrian accidents [%] sl LU R

accident accidents
rate? coefficient)
1. careless crossing a
roadway in front of a 55.9 AEBS 15%
moving vehicle
2. crossing a roadway in 12 AEBS 50%
a prohibited place
3. careless crossing a
roadway behind the 10.3 AEBS 15%
vehicle/obstacles
4. crossing a roadway o
through a red light 82 AEBS 70%
|5‘. standing on the road, 7 AEBS 50%
ying
6. walking the wrong side
of the road 5.5 AEBS 50%
7. other 19 AEBS 50%
3.3. Calculations

In calculations the following abbreviations were used:
— FOA - Frequency of accidents (in percentages)
— RAC - reduction of accidents coefficient

“Types of accidents” method

The calculations and results for “types of accidents” are shown
in Tab. 5. The effectiveness of the systems is as following: AEBS —

32%, ACC -30%, LDW — 6%, all systems — 47%.

Tab. 4. Preliminary risk assessment. Results of “types of accidents

”

Which svstems To what extent?
. Frequency of Y (the reduction of
Type of accident accidents [%] can reduce the accidents coeffi-
° accident rate? .
cient)
1. side impact 296 AEBS, ACC 30% (25%, 15%)
2. hitting a 256 AEBS,ACC | 45% (40%, 20%)
pedestrian
3. rear impact 121 ACC, AEBS 80% (70%, 60%)
0, 0, 0,

4. frontal impact 92 AEBS, LDW, Acc | 30% (ggoj) 20%,
5. flipping over 8 ACC, LDW 80% (75%, 15%)

" 80% (70%,

6. hitting a tree 54 AEBS, LDW, ACC 40% 40%)
7. other 101 AEBS, ACC, LDw | 30% (2% 15%,

Tab. 2 Expert estimation. Causes of accidents due to the driver fault

method
TYPES of accidents
t all systems AEBS ACC LDW
Viroa | R rac [ R Rac | R DR [ R RAC
P Al Foa | A | Foa | & | Foa | & | Foa
1] 206 | 30 | 888 | 25| 74 | 15| 444 | 0 | o
2| 256 | 45 | 1152 | 40 | 1024 | 20| 512 | 0 | 0
3| 121 | 80 | 968 |60 | 72 | 70| 847 | 0 | 0
4| 92 [ 30| 276 | 20| 184 | 20 | 184 | 20 | 184
5| 8 |8 | 64 | o0 0o | 75| 6 |15 12
6| 54 | 80 | 432 | 60 | 324 | 40 | 216 | 40 | 216
7] 101 | 30 | 303 | 20 | 202 | 15 | 1515 | 5 | 0505
RA:;;;’; il 46.59 32.00 29.55 5.71

Which Towh ”
. Frequency | systems can LI
Cause of accident: due 3 (the reduction of
to the fault of driver Giies ELIEEIE accidents coeffi-
dents [%] accident ient
rate? dlent)
:He"‘r’ig;fm‘;"a""e with 2%5 AEBS 20%
Lo ey | 243 | e s | esh on s
3. incorrect behavior 0
towards pedestrians 152 AEBS 50%
4. lack of safe distance 8.7 ACC, AEBS 85% (70%, 50%)
5. incorrect overtaking 54 LDW, AEBS 30% (20%, 20%)
6. incorrrect turning 3 LDW, AEBS 30% (20%, 20%)
1. Incorrect changing 25 | LDW,AEBS | 30% (25%, 15%)
2;S|t'i3r§gness, falling 2 none of them 0%
AEBS, ACC, 30% (20%, 15%,
9. other 118 LDW 5%)

“Causes of accidents” method

The reduction of accidents coefficient was calculated taking in-
to account causes both due to the fault of drivers and pedestrians.
Others were omitted.

The appropriate proportions should be used:

— percent of accidents due to the fault of the driver:

%DRIVGUILTY = — 228 o4 = 9120%
82.8+709

— percent of accidents due to the fault of the pedestrian:

79

828+79

The calculations and results are shown in Tab. 5. The most ef-
fective is AEBS (reduction of the number of accidents by 34%. If
ACC was considered — 27%, LDW - 3%. For all three driver assis-

%PEDGUILTY = % = 8.71%
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tance systems were active, the road safety could increase by almost
47%.

“Mixed” method

The previous methods were two ways to estimate the reduction
of accidents taking into account types and causes of road accidents
in Poland in 2015. In order to increase the expert estimation accu-
racy, it was decided to calculate average values. The results ob-
tained by mixed method were arithmetic averages from “causes of
accidents” and “types of accidents” methods. It is shown in Tab. 6
and Fig. 5. Eventually, the effectiveness of the systems is as follow-
ing: AEBS — 33%, ACC - 27%, LDW — 4%, all systems — 47%.

Tab. 6. Reduction of accidents coefficient. “Mixed” method

method all systems AEBS ACC LDW

causes 46.5 33.6 242 2.6
types 46.6 32 296 5.7

average 46.6 328 26.9 4.2

It should be also emphasized that these results are rough esti-
mates of decrease of the accident rate (the reduction of accidents
coefficient) but are consistent with those obtained in other papers,
for example in the report from research conducted in Germany
[1][3]. Lack of reliable data does not allow to carry out more detailed
analysis using statistical methods.

LDW
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all systems

0O 5 10 15 20 25 30 35 40 45 50
reduction of accidents coefficient [%]

Fig. 5. Reduction of accidents coefficient. “Mixed” method

SUMMARY

The effectiveness of driver assistance systems on the example
of AEBS, ACC and LDW was demonstrated with the use of quite
simple method based on statistical reports and the expert assess-
ments. The results are consistent with other studies. The applied
method shows how to estimate the benefits of introducing such
systems without data relating to crashes of cars equipped with
AEBS (For Poland this data is missing or inaccurate).

Benefits of application of ADAS from the safety point of view
are very high. The expert estimation showed that the effectiveness
of these systems is 33% for AEBS, 27% for ACC, 4% for LDW and
47% for all systems active.

Tab. 5. Preliminary risk assessment. Results of “causes of accidents” method

ACCIDENTS due to the fault of the driver %DRIV GULITY 0.9129
cause | FOA all systems AEBS ACC LDW
RAC RAC*FOA RAC RAC*FOA RAC | RAC*FOA RAC RAC*FOA
1 265 20 53 20 53 0 0 0 0
2 249 85 21.165 50 1245 70 1743 0 0
3 15.2 50 76 50 76 0 0 0 0
4 8.7 85 7.395 50 4.35 70 6.09 0 0
5 54 30 1.62 20 1.08 0 0 20 1,08
6 3 30 0.9 20 0.6 0 0 20 0,6
7 25 30 0.75 15 0.375 0 0 25 0,625
8 2 0 0 0 0 0 0 0 0
9 1.8 30 3.54 20 2.36 25 2.95 5 0,59
RAC for all causes (driver guilty) 48.27 34.12 26.47 2.90
RAC for all causes * %DRIV GUILTY 44.07 31.14 24.16 2.64
ACCIDENTS due to the fault of the pedestrian %PED GULITY 0.0871
cause | FOA all systems AEBS ACC LDW
RAC RAC*FOA RAC RAC*FOA RAC | RAC*FOA RAC RAC*FOA
1 55.9 15 8.385 15 8.385 0 0 0 0
2 1.2 50 5.6 50 5.6 0 0 0 0
3 10.3 15 1.545 15 1.545 0 0 0 0
4 8.2 70 5.74 70 5.74 0 0 0 0
5 7 50 35 50 35 0 0 0 0
6 55 50 2.75 50 2.75 0 0 0 0
7 1.9 50 0.95 50 0.95 0 0 0 0
RAC for all causes (pedestrian guilty) 2847 28.47 0.00 0.00
RAC for all causes * %PED GUILTY 248 248 0.00 0.00
RAC for all causes 46.55 33.62 24.16 2.64
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The results are valuable because of the possibility to estimate
the benefits of these systems that are not yet widespread and will
be introduced in the near future. The application of ADAS together
with a reduction in the number of accidents should significantly
decrease the number of injured and killed in road accidents. Some
of the accidents probably will not happen and the rest will take place
at lower car speed. The development and implementation of driver
assistance systems is well founded.

It is also planned to verify the results in the future. In the later
stages of this project tools to assess risk more quantified will be
developed. Moreover, the testing station is built, which will also help
in research of safety analyses.

ACKNOWLEDGEMENTS

Presented work has been financed and supported by the pro-
ject aDrive - PBS3/B6/28/2015 project within Applied Research
Program of the National Centre for Research and Development.
This project is the first in Poland, which covers issues related to
autonomous cars.

LITERATURE

1. Kuehn M., Hummel T., Bende J.: Benefit estimation of advanced
driver assistance systems for cars derived from real-life acci-
dents, 21t International Technical Conference on the Enhanced
Safety of Vehicles ESV 2009, Stuttgart 2009

2. Kuehn M., Hummel T., Bende J.: Advanced driver assistance
systems for trucks — benefit estimation from real-life accidents,
22 International Technical Conference on the Enhanced Safe-
ty of Vehicles ESV 2011, Washington 2011

3. German Insurance Association (editors: Kuehn M., Bende J.):
Accidents Statistics and the potential of driver assistance sys-
tems, No. 47, 11/2014

4. Highway Loss Data Institute: 2013-15 Honda Accord collision
avoidance feautures, "HLDI Bulletin”, vol. 32, No. 22, 12/2015

5. Lund A. : Driver and Drivers Assistance Systems: How well do
they match?, Driving Assessment Conference Lake George,
New York 2013

6. Benmimoun M, Ljung Aust M., Faber F., Saint Pierre G,
Zlocki A.. Safety analysis method for assessing the impacts of
advanced driver assistance systems within the European large
scale field test euroFOT, 8t Intelligent Transport Systems Euro-
pean Congress, Lyon 2011

7. PWC: The insurance industry in 2015, Top issues. An annual
report, vol. 7/2015

8. Mirostaw M., Golon K., Dziewonski T., Jastrzebski D.. ADAS
functionalities based on DARPA Urban Challenge champion-
ship, “Autobusy”, 12/2016, 333-338

9. Jastrzebski D., Mirostaw M., Golon K., Dziewonski T.: Simpli-
fied car simulator usage in HMI research in chosen active safety
systems conditions, for semi-autonomous vehicles, “Autobusy”,
12/2016, 1003-1009

10. Szopa T., Niezawodnos¢ i bezpieczenstwo, Oficyna Wydawni-
cza PW, Warszawa 2009

11. Komenda Gtéwna Policji. Biuro Ruchu Drogowego (editor:
Symon E): Wypadki drogowe w Polsce w 2015 roku, Warszawa
2016

12. 1SO Norm 15622:2002

13. 1ISO Norm 17361:2007

Wstepna ocena skuteczno$ci zaawansowanych systemow
wspomagania kierowcy z punktu widzenia bezpieczenstwa

Tematem niniejszej publikacji jest przedstawiemiezy
sci z zastosowania zaawansowanych systemow wspomagan
kierowcy (Advanced Driver Assistance Systems — BDA
punktu widzenia bezpieemtwa. Wstpna ocena ryzyka zo-
stala wykonana z wykorzystaniem danych statystghzny
dotyczcych wypadkow na polskich drogach w roku 2015 z
podzialem na ich rodzaje i przyczyny. Dla poszcrmsgbh
rodzajow i przyczyn wypadkéw oszacowano, wykolzystu
metody eksperckie, zmniejszenie liczby wypadkéwigem
szenie wspotczynnika wypadkaeip spowodowane wyposa-
zeniem samochodu w systemy wspomagania kierowcy. Zna
jgc udziat poszczegdlnych typéw i rodzajéw w ogélpady
kow maliwa byta ocena wptywu omawianych systemow na
poprawe bezpieczéstwa ruchu drogowego. Oszacowania
przeprowadzono dla zawansowanego systemu hamowania
awaryjnego (,Advanced Emergency Braking Systems -
LAEBS”), tempomatu adaptacyjnego (Adaptive CruisencC
trol - ,ACC”) oraz systemu ostrzegania przed niezanmrory
zmiarmy pasa ruchu (Lane Departure Warining - ,LDW”).
Wyniki pokazuj, ze najbardziej efektywny jest AEBS - reduk-
cja liczby wypadkéw o okoto 33%. Natomiast dla AQE
niesie ona 27%, dla LDW 4%. slieaktywne g trzy systemy
wspomagania kierowcy, bezpieg¢zevo na drodze mnie
wzrosmyé nawet o 47%.
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