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Abstract - Beside numerous information about vehicles injuaesl environmental data the GIDAS database contains
detailed reconstruction data. This data is caledldty a reconstruction engineer who handles ab@Q@ accidents per year.
The spectrum of one reconstruction ranges from Isimssing accidents to complex run-off accidevith rollover events.
Especially for complex accident scenarios ther lgrge effort to design the environment of theidertt scene within PC-
Crash®. To reduce the reconstruction time by maiirigi the high quality of reconstruction 3D-geodasm be useful.
Geodata is available for nearly every area in Gagnend can be used for a fast and detailed creafi@@mplex accident
environments. In combination with the accident shetreal images of the accident scene can be draatkthe participants
are implemented in the new-built 3D-reconstructowironment. As a consequence, the characterstittee terrain can be
considered within the reconstruction which is egdcimportant for run-off accidents.

INTRODUCTION

To get a significant conclusion, it is necessarycompare the conventional environment creation
method in PC-Crash with the 3D-geodata. Theretaseshown how a reconstruction engineer creates
a graphical environment for any accident. Aftervgatide method how to convert the 3D-geodata to
get a feasible and useful accident scene in PChCnals be explained. The current methods of
creation in PC-Crash are shown at first.

CURRENT METHODS OF CREATION IN PC-CRASH

Currently different creation methods for the acnidgcene in PC-Crash are given. The reconstruction
engineer has the possibility to create the resgeettcident environment based on a detailed adciden
sketch. Thereby the methods differ in effort ofati@n and ability for the particular accident scene

At first there is the possibility to assume thedgraf the driving surface using a road slope fer3D-
evironment. That is a simple and quickly methodreate three dimensional surfaces. The following
figure shows the way of creation.
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Figure 1: road slope

The road slope is created via a closed polygonalwhich describes the sloping area. Afterwards the
desired road slopes are defined for the main akdbeoPC-Crash area in percent. As needed the
sloping area can be displace with the valgg @ompared to the underground (z=0). This value is
defined by the starting point of the polygonal lifidde most important benefits of this method aee th
simplicity and celerity of creation. Unfortunateinly road slopes of the main axes can be simulated.
Furthermore if road slopes are not given in maiesagirection it has to be considered whether it is
reasonable to rotate the accident sketch so thaidipe lies on the main axes.



Another method of creation is triangulation. Instltiase two or more faces or edges with different
heights are necessary to build a slope. With thmeneand triangulation the faces or edges get linked
and a closed slope becomes generated.
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Figure 2: triangulation

Figure 2 shows the triangulation result of two aagfies. On the positive side this method allowdfits
to create different road slopes independently erttain axes direction of the PC-Crash area. On the
other side the time effort of creation is relatiwkigh.

The 3D-road object is another possibility to creatthree dimensional surface. It offers to build a
whole road surface with embedding of bordering etopOn the basis of a piefinedspline a
lengthwise and crosswise sloping road surface eastebigned. Therefore a varied roadway width can
be also considered. The bordering area is defineddnstant slopes or a slope profile. Figure 3
displays a 3D-road object which is designed byeadefined spline and a left hand slope profile.
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Figure 3: 3D-road object

On the one hand the 3D-road object is a qualifiethod for creating a 3D-surface in PC-Crash. The
creation of vertical curves, slope roads and diffiebordering slopes are possible without furttar. a
On the other hand it is not possible to considenging slope profiles. Furthermore a possibility to
create different left- and right hand side bordgmsiopes beneath a preset of the slope profile does
exist.

All in all the creation of 3D-surfaces in PC-Craish generally possible. Admittedly limitations
according to the different method of creation htavée considered. The effort of creation is rekativ
high and a qualified measuring tool for input pingfdoesn't exist. This is only visual reliable. It
appears sensible to analyze alternative methodsréating 3D-surfaces to exclude or minimize the
mentioned limitations.

POSSIBILITY OF A CREATION BASED ON 3D-GEODATA
The basic concept of the 3D-model and the visuadizeof the accident area is 3D-geodata. For the

exposition of heights a digital area model is udde visualization of the accident area is enabled
the use of digital areal images.



Model base: digital area model (Digitales Gelandenull)

The area model is available in digital form at GdofStaatsbetrieb flir Geobasisinformation |
Vermessung in Sachseft)is a dot matrix which describes ttongitudeand latitudecoordinates with
their particular heightaVith the help of the area model a-surface can be created which is thes

for the 3D-environment in PCrash.

Figure 4: digital area model

The figure 4 shows the area model 2. This title mehat the latitude and longitude coordinates
described by a mesh with a mesh size of 2 metdrs.tdlerance for eacheight value amounts
10,2 metersThe dataset of the census area of the Traffiddeet Research Institute at University
Technology Dresden is as a ash incompatible file format *.dgm2 existt

While usinggeodata it is hecessary to analyze which coordisydemfor the dateis involved. The
GeoSN offers different types of systems. Forcurrentarea model 2 the ETF89_UTM-system is
used.

The ETRSB9 (Europaische Terrestrische Referenzsystem 1§88grates the geodetic frame
referenceThis system serve as a consisicoordinates description and wasraduced in year 198!
It is ageocentric system which dc nat underlie the influence of area dislocation beeatiss fixed
on the solid Eurasian plate.

The base of the actual coordinate assignment iprément UTMcoordinate system. This is a glol
system which divides the whole earth surface iwigfe zones. The resulting zones are projected
the same plane and provided with a Cartesian coatelisystem. The figure 5 shows the scher
design of the area rdel 2 based on UT-coordinate system.
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Figure 5: mesh of tiles - DGM 2

As shown in figure 5, the area modeis divided in 2 kilometres to 2 kilometrétes. The title “Zone
33" indicates in which zone of the UTM coordinatgstsm the presented area is locatThe



identification of a tile is donen her left lower corner wittatitude and longituc information.
Thisinformation is necessary to filter the particulacident scenout of geodataThe combination of
ETRS89 and UTM is European standard. So the portabilftgeodata in geographic programs
generally warranted. Furthermore the possibilitissxto embed the geodata in engineer sciel
programs without complex conversic

Visual base: digital areal images (Digitales Orthophotc

The digital areal images are available in digitahf as *.tif files. In the course of the reconstinic
they are used to better visualize the accident amelaherefore in connection with the accii sketch
constituted an information base for routing andfigumation of roadsThe actuality otthe data must
be considered alwaysecause the buildinarrangement might have changdthey are also provide
in tiles (figure 5). The areainages are georerenced images which aegualizer and in flat status
available. The equalization is effected by a pripecof a digital area model over the earth surf
The dimensions of each image amounts kilometres to Xilometres and are afflicted by a groi
resolution of 0,2 meter.
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By the accuracy of the areal ima, statements ofiew contact, obstacles and road courses cz
made. Furthermore with considering of the practicall, areal images can be used similarly to a |
as for instance regarding the measurinroutes. The usable data also relate to the E 89-UTM-
system.

CONVERTING OF 3D-GEODATA

To identify a qualified variant of converting getaadifferentalternatives wes considered. The mc
qualified variant is presented. The concrete target necessary for the choice of methodology. It
concerns the following:

1 Conversion oflie accident coordinal, which is registered by the team of the VL
2 Selection of the accident scene out of thi-geodata (model, image)

3 Testingthe elevation data for bree

4 Conversion of the model data in a-Crash-compatible form

The following figure shows the developed convergequence of geodata which is explained in |
order subsequently.
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Figure 7: conversion sequence



As shown, the conversion of the accident coordsa&dection as well as the testing is automated in
program process in Matlab. The program gets stdoyethe user who provides inputs. These inputs
are: accident coordinate, cut out diameter inddétand longitude direction, import places of 3D-
geodata, export names and export places of ddéxtse model and image).

The coordinate of the accident is documented bytHEO team with a GPS receiver. By the kind of
receiving the coordinates are referenced on thédvgmodetic system 1984 (WGS 84). Nevertheless
the mentioned 3D-geodata requires the referendcersysTRS 89-UTM.

Ongoing the selection of accident scene out of 8Ddgta has to be done. This is necessary because

PC-Crash can’t manage an endless number of dattspBor the selection four different cases (figure
8) have to be considered: cutout in one tile (hlirejwo tiles with latitude difference (green),tino
tiles with longitude difference (pink) or in foutes with latitude and longitude difference (orapge
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Figure 8: case differentiation of selection

With the pictured case differentiation the selacid elevation and image data is executed. Follgwin
the selected areal image can be projected oveefipective selected area model (figure 9).
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Figure 9: selected cutout

The testing for breaks in the elevation data ieterl because the tolerance of +0,2 meters is given
So it is possible that two adjoining points haveiféerence of 0,4 meters. 0,4 meters describes more
than a half wheel diameter. Therefore such dewviatlaave to be avoided.

The smoothing is realized by sampling of the se®@D-model. To compare a point towards the
closest points, the specified tolerance is used.tltie straight lines are defined by direct opp®sit

points (figure 10).
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Figure 10: schema of smoothing function

Move the calculated distances of the point in daterange, the point is adapted in its height. The
adaption is realized by an average of the surrayngbints. For this the range includes a lower and
upper criterion, to obtain the bordering slopesh@r dimensions. In this manner, any breaks of the
roadway can be identified and adapted. The re$titteosmoothing function compared with their basic
design is shown in the following figure 11.:
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Figure 11: smoothing function

Subsequently using Matlab an AutoCAD-*.dxf filetbie selected model data and a *.bmp file of the
selected image data is generated. PC-Crash ishiott@ handle the AutoCAD -*.dxf format of the
elevation data, so a further conversion in theated Autodesk-*.dxf format is needed. This format
stands out due to the PC-Crash-readable arrangeohelata. The following steps are performed by
the user, so a further optionally editing of the@ibface is possible.

The necessary format conversion can be realizeétidoprogram Blender. Blender is a program which
is used for the modeling, animation and renderihghcee-dimensional objects. This program is
applicable in non-academic areas, e.g. for creaifrgnimations for games or short films. With this
program it is possible to use different types afame treatments. The elevation data is importetl an
edited by an intermediate step. In the beginnirgithported surface consists of a finite number of
squares. PC-Crash cannot form a closed surfaced basehis. Due to this fact Blender creates
triangles out of the squares. Subsequently theseiids an Autodesk-*.dxf file can be exported.

After generating an Autodesk-*.dxf file the impatft the elevation data in PC-Crash follows. This is
realized by the 3D-road object which only worksilwgrsion 8.3. Then the Matlab generated *.bmp-
image file is loaded and scaled to the user-selesitee. Through the conversions in Matlab it is not
necessary to shift the surface or image in PC-Crash



Figure 12 shows a section of the in-Crash imported surface and respective in

Figure 12: section of the 3D-surface in PC-Crash

The import of 3D-geodata in@2Crash is realizable. They can be used as -environment and a
reconstruction can be carried aothe same procedure than witbnventional methoc

ANALYSIS OF UTILIZAT ION OF 3D-GEODATA

The utilization of 3Dgeodata for the reconstruction could be demonstrayecase studies. For ec¢
case the conventional methods of creation are cotgd with the 3l-geodata. In this case, t
creation time, reconstruction results as well &s wnolereconstruction effort are investigated.
total, the following methods are considered: ro&mpes triangulation, 3-road object and 2-
evironment.

As anexample this is demonstrated for a real accideme. dourse of the accident can be seen il
following figure 13:
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Figure 13: case example

The driver of the vehicle came right off the roat&use ca micro sleepHe dove through the side
room about 120 meters befdre crossean embankment of lighway bridge. As a result the vehi
overturned and fell othe underlying way where the car came i-sidedown end positic

3D-environment: conventional metho

To create the road course, the-road object is used. Trough this methibid possibleto involve the

bordering slopes and any road slopes can be sgcBecause the driver drove through the side 1

about 120 meteranultiple slope profiles have been measured by thH-® teamr To recreate a
realistic crossing of the embankm, a profile at this point is used for the 3@ad object

The underlying way can be created by a triangulafidnis i< only estimated realizable, beca there

are no information buhe depth under the road cot. Thus, the following road course, comparel

the real one, is created:



V7l \ SN /"-.D\ ‘
N : s

Figure‘14:7comparison PC-Crash — reality

The crossed embankment could be created by a tope wherein the values were set iteratively. In
total a time effort of three hours was necessargramte the displayed environment in PC-Crash
(figure 14).

3D-environment: 3D-geodata

The creation of environment with 3D-geodata is geteel according to elucidated schema so that
following surface is exported:

Figure 15: PC-Crash — 3D-geodata (1)

Figure 16 shows that the displayed surfaces cammaised in PC-Crash because the highway bridge
does not exist. This is due to the fact that thelehalata contains only the measured points of the
surface of the earth. Building developments like bhidge are not taken into account. So it is aorew

of the user with Blender necessary. The bridge drsrdre redefined and the road surface will be
adjusted in height. Following surface can be usedhe reconstruction process in PC-Crash:

Figure 16: PC-Crash - 3D-geodata (2)

The creation of the accident environment basedigebdata has taken 30 minutes, inclusive the
rework in Blender. Without the additional reworkBfender the export of the geodata as well as the
conversion with Blender are feasible in only 10 més of work .



Comparison of the reconstruction results

In order to create the nearly same reconstructiotodéth methods, the input parameters are assumed
to be equal. The vehicle has a input speed of 120 land a delay of 3,3 m/s2. The end position could
be reconstructed with enough accuracy for both aushof creating the environment. By the
following diagrams the reconstruction results anenpared. First the velocity course is explained.
This is specified for both, the conventional metifB€-Crash) as well as the method of 3D-geodata

(Geodaten).
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Figure 17: velocity-distance diagram

Figure 17 shows, that under the same input paraséie same velocity-distance curve can be
reconstructed. After a distance traveled of abd@ rheters, the vehicle drove with 55 km/h over the
embankment. Then the vehicle is accelerated dugrawity to about 63 km/h, before it hits the
underlying way. The end position was reached afigistance of 175 meters.

The next step is the evaluation of the accelergbi@files. It is done separately for each method of
creation. Thereby similarities and differencesdiseussed.

The following diagram shows the various acceleratiorves of the conventional method (left) and of

the method based on 3D-geodata (right).
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Figure 18: comparison of the acceleration curves

Figure 18 shows, that the longitudinal acceleratrmmeases at the defined reaction point on the set
value of 3,3 m/s2. The curve of the lateral acedien results from the go off of the road and fritva
skidding through the side room. The increased watue?,3sec can be explained by the impact of the
vehicle on the rising embankment side. A smalldliston with a game fence (running parallel to the
highway) is shown at 4,3 sec. From the beginniniftadff at about 6,2 sec, is not only a high vest
acceleration recorded as also an longitudinal acatbn of the vehicle. The impact on path at about
7,5 sec is described by a very high delay and fa Vegtical acceleration.



The fluctuations in the curves of the acceleratiars conditioned by the side room, because the
vehicle is exposed strong pitching and rolling nmoeets. By the applied smoothing function, the road

surface is smoothed respect to their breaks, leyttbtmain unchanged in the side room. This can also
cause that strong fluctuations of the transversmlamtion appear. In that case they have to be
accepted in favor of dimensions of the borderingss.

CONCLUSION

Due to the rudimentary data of the surface-creatidhe respective accident location and the prable
to assign data in PC-Crash, 3D-geodata was anafgzdtie utilization for reconstruction. From the
shortfalls of the creating methods in PC-Crashdslape, triangulation, 3D-road object), the tagisw
to investigate alternative production methods. é#ht variants have been developed for
implementation, which were evaluated for their ahiiity afterwards. The as ideal identified variant
has been implemented in a program run in Matladt, dfffers the possibility to extract the respective
accident location of a range of 3D-geodata quickig effectively. By means of a short intermediate
step, it is possible for the first time, to use §&pdata for the reconstruction of traffic accidentBC-
Crash.

Example studies were carried out wherein the diffeways of creating environment were compared.
It was determined that the use of 3D-geodata g#éyersults in a significant time saving with the
same reconstruction-results. This is highly depanhde the accident situation and was in relation to
the example studies approximately 20-150 minutesddition it was found out that there are areas in
the model data set which are not usable for thenstcuction. However the developed methodology
provides opportunities to rework the selected sarigith reasonable effort in Blender.

As the benefit of 3D-geodata was determined by @kedstudies it is recommended to validate the
benefit on the basis of road tests.

With the application of 3D-geodata for the recamstion of traffic accidents, it became clear thaths
data sets can made available for scientific engimgelomain. The use of additional data for cregtin
environment in PC-Crash is useful and has beeadjrpartly successfully tested. In this contextada
sets which contain information about buildings @odd designs are meant. In Dresden the 3D-city
model is mentioned as well as the possibility obedding of Open-Street-Map data. With the aid of
such data sets it is readily possible to comprisgvacontacts and thus enhance the quality of the
traffic accident reconstruction.
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