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Abstract

The paper refers to the Event Data Recorder (EDftaek box for all types of the motor vehicles.
The device will record data concerning the vehgléchnical condition, the way it was driven
and RTS. The recorder may be used in private amdnwrcial cars, taxies, buses and trucks.
The recorder may serve the purpose of the neutitakeas for the police, courts and insurance firms
for which it will facilitate making the reconstrimh of the road accidents events and will provide
proof for those who caused them. The device wiligoefficient driving, which will significantly
contribute to decreasing the number of the roadderds and limiting the environmental pollution.

INTRODUCTION

The number of fatal road accidents’ victims is e European Union has been reduced
from 34 800 in 2009 to 30 900 in 2010 and 30 002Gh1 [11].

The European Commission (EC) has adopted an ambiftmad Safety Program which
aims to cut road deaths in Europe between 201128&2€0. The program sets out a mix
of initiatives, at European and national level,usiag on improving vehicle safety, the safety
of infrastructure and road users' behaviour.

The EC has decided (Recommendation of 8 Septentldel) 20 equip all cars with an
on-board system and ensure the implementation, Hey mhobile networks operators,
of the mechanism serving the eCall reporting inican their networks by the 31 December
2014 [1].

Minimum set of data means information that mustsést to the entry point for reports
of accidents in accordance with EN 15 722 standard.

Successful implementation in the entire EU of entamized interoperable eCall service
requires the automatic transfer of voice and awdionection and the minimum data set
of the accident, generated by the on-board systenthe appropriate public accidents
reporting exchange.

Member States should commit its national authesitio notify the Commission,
by the end of March 2012, about the measures tlaae tbeen applied in response
to this recommendation.

Furthermore, according to European Parliament uéisol of 27 September 2011 on road
safety in Europe for the years 2011 to 2020, tsbmuld be following legislative documents
developed [3]:
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— by the end of 2012, proposals for legislative cleengp implement in the corporate
and private vehicles, the integrated system foonsing data immediately before, during
and after the accident,

— by 2013, proposals for legislative changes, assgntirat each new vehicle must
be equipped with a system reminding about fastetfiegseat belts in the front and rear
seats, operating based on acoustic and visuallsigna
The event data recorder (EDR) can come above nmattioequirements and improve

the level of transport safety with the reductiorde&th number and accident reconstruction.

One of the primary tasks of accident reconstrudtaio determine the values of the event
participants motion parameters prior to its ocauwcee The correctness of their behaviors
is assessed on their basis, and then the courtaniizkeéecision whether the event participants
are guilty or innocent. One of the more frequerglycountered tools, which are useful
to determine the values of the aforementioned peiews, are the devices recording some
selected parameters of vehicle motion. They areafied event data recorders (EDR) or just
the car ‘black boxes’ (devices used for accidecbmstruction) [4].

Event Data Recorder (EDR) “black box” is a deviecaivehicle that stores event-specific
data (e.g. vehicle speed and driver inputs wheashg rollover, or other mishap occurs) [8].

Event Data Recorder (EDR) means a device or fumciio a vehicle that records
the vehicle’s dynamic, time-series data during tihee period just prior to a crash event
(e.g., vehicle speed vs. time) or during a craséane\e.g., delta-V vs. time), intended
for retrieval after the crash event [5, 6].

Some authors called mentioned device as the dectrder of vehicle movement
parameters which registers some characteristic datxribing the state of the vehicle
performing the transport task. The idea behind yapgl recorders is to determine
circumstances on the route where events (collis@acsdents) happened [7].

EDR is a deck recorder of events which in casemofecident or any event registers
and saves data describing the movement of the leefspeed, acceleration, using the brake
etc.) before, during and after the event occurggd |

The goal is to integrate functions of vehicle's mammg behaviour pre-crash, during
crash and postcrash to the current or developedrmehicles systems, for the purpose [10]:

- Create an instrument for support to make clear iBpewmad traffic accident (chain
accident, etc.);

- Make easer the guilty and innocence clarification;

- Make easer the process of insurance event liqoiatati

- Increase the active safety (psychological subconscof driver about the possibility to
documentation behaviour of vehicle);

- Increase the process of legislation to embed systemhicles (e.g. in police, fire brigade
vehicles, driver's school).

1. CHARACTERIZATION OF EDR- BLACK BOX

The first EDRs orblack boxeswere used in the aviation industry in the late 50
In 1958, the Federal Aviation Act and correspondimegulations issued by the Civil
Aeronautics Administration (the predecessor of Heeleral Aviation Administration) made
mandatory the use of black boxesflogght data recorderdor commercial aircraft. In 1976,
the National Transportation Safety Board (NTSB)uébk regulations requiring the use
of EDRs in commercial marine vehicles. In May 198t Federal Railroad Administration
issued regulations requiring EDRs on heavy raihdpmrtation. While the use of EDRs
in automobiles and light trucks is currently volaryt vehicle manufacturers such as General
Motors and Ford have installed EDRs on many ofr thewer models [6].
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The recorder proposed by the Motor Transport mstjtto a large extent, may help to
reduce the number of accidents, a significantlyrteiming of travel time and energy
consumption, thereby improving the quality of thevieonment, and will be useful as
evidence in the disputable matters.

The proposed recorder - car black box, can be tgerkcord data concerning the
technical condition of the vehicle, the driving tecque, and drivers compliance with the
traffic rules and road traffic safety in the follmg cars:

— passenger, service and privileged cars — will alliogvregistration of the earlier indicated
data and will provide evidence in case of accident,

— buses and taxis — apart from the recorded dataillihelp to ensure the safety of the
driver and passengers, will enable the locatiovetiicles in the event of theft,

— trucks - will ensure registration of the data orht@cal condition will enable the
localization, will contribute to reduce the numiaéraccidents and ensuring safety of the
driver.

A significant disadvantage is the fact that cursetttere is a few numbers of standards
refers to such devices.

The SAE J1698 Standards Committee was establishe@velop common data output
formats and definitions for those data elements doauld be used for analyzing vehicle
events, including accidents. The standard alsoifgg@ecommon connectors and network
protocols to improve data extraction activities][13

The IEEE P1616 Standards Committee was establighelkfine a protocol for motor
vehicle event data recorder output data capalahty export protocols for data elements. The
committee established these protocols for bothighd heavy-duty vehicles [9].

1.1. Functional requirements of the recorder

The device will receive data from selected circoitshe vehicle via digital and analogue
input ports. Sensors may be possible to be conmecte to the doors, lights, turn indicators
or brakes.

The electronic system will record and remember ¢barse of acceleration during the
collision and remember the result of changing thleicle speed. In addition, it will remember
certain information prior to the accident and immagéely after the accident.

The device will interpret digital information tremitted on the CAN bus and the FMS-
CAN to record the following parameters (range, deli®ey on the type of vehicle and
equipment, such as truck equipped with a tachograpeed, engine rpm, the position of the
brake pedal, clutch pedal position, acceleratomappdsition, the state of the cruise control,
fuel level, mileage, total fuel consumption, tactagn - operation mode, tachograph - speed,
tachograph functioning, dealing with the eventustathe mileage remaining until the next
tests, engine hours, coolant temperature, thel@xis

Additional sensors will be able to monitor: the ¢irof release (reaction), a longitudinal,
lateral acceleration, vehicle speed (the countbg),engine throttle (gas pedal), brake status
(enabled or disabled), supply voltage, the positbrthe ignition, cushions signaling, the
number of events, the time between events, haght witches, traffic lights, parking lights,
turn indicators, the change in the car deflectioar (rotational speed with respect to the
vertical axis), the driver's seat belt status, &veagistration time. The actual sensors in car
were presented on Fig. 1.
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Fig. 1. Monitoring sensors in vehicle

1.2. Technical requirements of the recorder

One element of accident reconstruction is to reeréae time-space relationships of the
event participants. Motion reconstruction procesbased on the analysis of records of the
parameters characterizing the motion of the carybdthe forward motion is recorded as
standard in the form of linear acceleration compismécomponents: longitudinal, lateral, and
vertical).

The device is designed for installation in all @gpof vehicles (passenger cars, trucks,
buses) to record the driving parameters such asdspeceleration, braking, use of direction
indicators, etc. Such information can be extrenmelpful in identifying those responsible for
road accidents and will allow reconstructing theident. They are also to replace the
witnesses who are not always reliable.

The recorder will have a small size, will be muamadier than the car radio, and made of
durable materials, and the place specially proteateit should be the SD card casing, on
which the data will be stored.

The version 1 of device will be equipped with tbkkowing elements (Fig. 2):

— Microprocessor module — the element controllingdperation of all other components.

— GPS - to receive the geographical coordinates.

— Module "black box" - memory chips, including SD @acapable of recording the driving
and operating parameters.

— Digital inputs module - this module allows connentdf digital signals.

— Analogue inputs Module - this module allows conimecbf analogue sensors.

— CAN inputs module - to connect CAN bus in the FNighdard.

— Battery backup module.

— Housing.

Version 2 will be equipped with communication ma@SM/GPRS, for data transfer
and entry to install the camera and the abilityetmord audio and video.

Intelligent algorithm for data collection will allg at the moment of detecting an
excessive acceleration by the built-in sensorssviiich to a continuous recording of all
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available parameters. In version 2, in the everdrofccident, the automatic emergency call
function will be activated in order to provide tassistance to the victims as soon as possible,
and the GPS receiver will allow pinpointing whesaetly the car is and sent, via the GSM
network, the location data to an external server.

ON-BOARD VEHICLE Non-volatile Non-volatile | Casing PFOFQCtS againlst rl‘nechanic(?\l,
internal memory || user memory environmental, electrostatic,

EVENT DATA RECORDER tamperproof e.g.SD card electromagnetic and other damage
,,BLACK BOX” and allows secure installation

Environmental control module

“ (optional) provides suitable
environmental conditions,

Vehicle diagnostics bus module
e.g. CAN/FMS - OBD provides
speed, engine, pedals, tachograph

Microcontroller module e. g. thermometer, heater

contains central ‘

rocessing unit
F.) g ! Power control module
provides random access .
monitors power supply

Digital inputs module e ' ' and its voltage, controls

Analog inputs module
e.g. temperature, voltage

e. g. state of safety belts, ignition, program memory, emergency power supply

. a number of digital
beam, lights, doors, clock . & .
interfaces to service

Relative positioning module connections with Emergency power supply
measures accelerations, external modules, (optional)
e. g. accelerometer, gyroscope analog-to-digital e. g. battery
converters etc.
Satellite positioning module Communication module
provides localization service “ provides user connection, allows
and time synchronization I 1 data transfer and configuration
Audio/Video module (model 2 only) GSM WAN module (model 2 only)
| allows connection of video (camera) |i connects to GSM/GPRS networks,
and audio (microphone) feed allows eCall service

Fig. 2 On-board vehicle, event data recorder functistraicture

The device will save the measurement data on the&@D, and in the version 2, if the
camera is installed, the unit will record audio ardeo, for a few seconds before the accident
and a few seconds after the accident. The cardatan be inserted into your computer to
recall the data.

The device will be designed for commercial vehigbesvered by 12V DC or 24V. The
possibility of using backup battery is envisagedemnsure continuity of work, e.g. in the case
of basic voltage cut-off, for example, after afica€ollision.

Equipment must be installed in a protected, dac@l These places include the vehicle
cabin. The optimal place is the area behind thaluzerd.

Selecting the installation place must also beatktt by the visibility of satellites by the
GPS antenna, in a place not covered by bodywork.

Devices will be connected to the CAN bus and ® shlected electrical circuits of the
car.

The design may not allow for manipulation or en&trsensors, such as their exclusion. It
will be deprived of the possibility of changing tlstored data, connected directly to the
accident.

The device must be designed so as to minimizedbenstruction error of the motion
parameters, in particular trajectory of the moveine&his error should to the smallest degree
be dependent on the vehicle load.

The unit will have an airtight case ensuring r@sisé to a short-term immersion in water
and service liquids (fuel, oil, hydraulic fluid).
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It will withstand exposure to direct flame and tigverload for a period of several
milliseconds.

Equipment should be protected against shock anchtidins in accordance with the
standard defined in the EN normative documentsif@nmental conditions, electromagnetic
compatibility). All mobile devices should withstattie following exposure: a one-time shock
and falls from a height of 1 m. The devices shdmédable to withstand vibration, both
sinusoidal and random.

For safe and reliable operation of all electricadl &lectronic equipment in the car it is
necessary to ensure the electromagnetic compstibflthe recorder - the black box.

The device should be compatible with all environtak specifications, physical and
compatibilities defined in the CEN, ISO and ETSmstards. It should meet all requirements,
relating to this group of products, of the EU Caumirectives, European standards and
national legal regulations.

CONCLUSIONS

The end result of the conception will be turning two devices: the economic, universal
simple event data recorder - black box, the ecoopmiiversal event data recorder - black
box for all types of vehicles, taking into accothm eCall reporting.

Recorder - car black box can be used to recom daicerning the technical condition of
the vehicle, the driving technique, and the dris@ompliance with the traffic regulations and
maintaining the road traffic safety in all motohiaes.

The European Commission is currently considerii@gimplementation of legislation in
this area, prescribing the mandatory installatibblack boxes in all vehicles.

Psychological impact of the black box will revatutize road safety. Drivers will be
more cautious, knowing that their every maneuvey ima recorded, so in the event of an
accident they will not be able to make false staigis

The device, connected to the vehicle monitoringseesy will be installed behind the
dashboard or under the driver's seat. Each sudummge of speed or opening of the airbag
will activate it so that way also the collisionyvatving pedestrians will be recorded. In order
not to violate privacy, car black boxes will stdtee data recorded 30 seconds before the
accident and 15 seconds after it. The machine auvitbmatically alert the emergency road
services about the accident. In Britain, black Isoxe standard equipment in many privileged
vehicles. When in 1999 the London police instatlegin in a 3.5 thousand of company cars,
within 18 months, the costs of road accidentsligl2 million pounds. The devices are also
placed in some newer car models.

In the U.S., black boxes are quite commonly used] right now they belong to
a standard equipment of over two thirds of new.carS. Senate approved the bill, under
which from the 2015 all new vehicles must be egeppvith digital driving parameters
recorders, known as black boxes. The failure ihstadh equipment will result in punishment.

The studies conducted in the U.S. and the UK Isfnv@vn that drivers who drive with
black boxes, were 20% less likely to have partiggdan the fatal cases, the failure rate and
repair bills for their cars fell by 25 percent.Roland, the annual cost of road accidents alone
are 5 billion, so if that gets reduced by about 2@%e will get the savings for the state —
amounting to 1 billion annually.

716



KONCEPCJA POKLADOWEGO
REJESTRATORA ZDARZE N- CZARNEJ
SKRZYNKI DLA WSZYSTKICH TYPOW
POJAZDOW SAMOCHODOWYCH

Streszczenie

Referat dotyczy poktadowego rejestratora zdar&#DR) - czarnej skrzynki dla wszystkich typow
pojazdow samochodowych. Wdzenie bdzie rejestrowé& wiele danych nt. stanu technicznego
pojazdu, sposobu jego prowadzenia oraz BRD. Rajestmae by wykorzystany w samochodach
osobowych, stbbowych, taksdwkach, autobusach, samochodac¢hrowych. Rejestrator nde petné
role neutralnegoswiadka dla policji, gdow i firm ubezpieczeniowych, ktorym utatwi rekoratje
przebiegu wypadkdéw drogowych i dostarczy dowodovemet jego sprawcéw. Ugdzenie przyczyni
sie do zgodnej z przepisami i ekonomicznej jazdyyw cnaczny sposob ograniczy liealvypadkdéw
drogowych oraz zanieczyszczefnmlowiska.
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