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Abstract
The aim of traffic reconstruction is to recreatetonavehicle collision scenes in order to analyze dignamics of the
collision events, to provide evidence in court caard allow the manufacturers to evaluate the iehicesign.
However, at the scene of the accident it is nowkmexactly the amount of information that will bexjuired for the
analysis and often relevant data are missing. Thergence of terrestrial laser scanning has enatbled3D
documentation of accident events in a safer waypfasmation can be collected without any lane ates or traffic
interruptions, and in a more flexible and fasteywas a single user can operate the instrumerdritptete darkness
or direct sunlight. The notion of this paper isttodel accident scene using terrestrial laser sognafata. With the
intersection-related crashes making up a high ptapoof total fatal crashes, there is a need &mording their
current status in order to improve the design guetation of road intersections. Terrestrial lasmging provides
the capability of recording such infrastructuresaifast and reliable way, where a number of diffeieformation,
including traffic control features, volumes, accitleharacteristics and detailed spatial data, eardsily obtained.
This information can then be integrated within fimimanagement integrated systems and be usedcfidemt
prevention purposes.
Keywords:. Terrestrial laser scanner (TLS), Momentum, sp&eduracy.

1.0 Introduction

Traffic accidents can occur whenever significarfiailencies, oversights, errors, omissions, or uicgpdted changes
are present. Any one of these conditions can lre@upsor for an accident; the only uncertainty lewthe accident
will occur and the degree of the accident. To cahdu complete accident/incident investigation, fhetors
contributing to an accident, as well as the meangsédvent accidents, must be clearly understoogeder, most are
caused.

Understanding how to prevent or control trafficideots requires knowledge of the sequence of eVeattng to an
accident, in order to identify and implement coamteasures. Therefore, the process of accidenhsétmtion can
be considered as a sequence of operations invollimgollection of data about the road transpamatiomponents
(road, vehicles and people) and continues thronfgrénces and conclusions about the sequence ofsetfeat
constitute the accident and the relationship ocdéheomponents during the events [6]

Five levels of activity in accident investigatiorea(a) reporting, where basic data collectionssdito identify and
classify an accident, (b) at-scene investigatiomengby extra data are collected at the accidemesakng with the
results of the accident, such as marks on theaoddiebris, tire marks etc, (c) technical follow-which studies all

available data relating to an accident, such aedspad acceleration of vehicles, visibility of velbs, pedestrians
etc, and is undertaken for legal and other spepifiposes, (d) professional reconstruction whicterdeines from

the available data how the road, driver and vehiolgributed to a particular accident, and (e) eausalysis, which
determines from the available data why the accitiappened (e.g. deficiencies of road or vehiclégés

Clearly, the data collection and recording at tb&dent scene is the most critical aspect as theyeeded in all the
aforementioned five levels of investigation. Furthere, traffic recording systems should be techgiokily
sophisticated to provide more timely, fast, acayrattegrated, accessible and more standardizedigifarm data.
Also, the measurement process should be as leasptie to traffic as possible and provide enddpuats that are
easily transformed to 2D drawings.
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The most commonly measuring approach is 2D surgeyinere measurements of distances along and diffseta
road edge or centerline are performed. Frequettty stations and laser range finders are empldygdvith the
disadvantage of being disruptive to traffic. GPS$veying is successfully used but only in unobsedcareas.
Recently, close-range digital photogrammetric orl33er Scanning for Road Safety and Traffic Accidgrstems
have been developed which provide fast and accdedgeacquisition but can be relatively expensive @omplex to
use for local police and traffic agencies[6].

More recently, the emergence of terrestrial lasansing has enabled the 3D documentation of acc&lemts in a
safer way, as information can be collected withany lane closures or traffic interruptions, ancaimore flexible
and faster way, as a single user can operate str@iinent in complete darkness or direct sunlight &nd products
of the laser scanner data include 3D animatiorssehes, and even 3D physical models that can lokinisethe jury
room.

The advantage of the 3D digital models is that threwide further help in analysing

what happened in a crash, for example measuringethiele deformation helps to determine the speépact and
other contributing factors. Scene capture thatbith fast and complete is another advantage. The katpmes of
data collected with a laser scanner may not alvb@yssed at each level of traffic investigation tertainly allow
the return visits to the accident scene be madealiy[6].

Figure 1 — Some types of terrestrial laser scanners
2.0 Accuracy of Terrestrial Laser Scanner observations (TLS)

To achieving the results that meet the specifioatiof a given project, the knowledge of the accuraft the
surveying equipment is inevitable. Surveying resuftust meet certain specifications in order to p®wvhe
necessary accuracy standards for a certain agphc&n the other hand, if instruments and metravdsused which
yield accuracy far above the needed standard wtitligesult in unnecessary cost and expenditureeréfore, any
geometric surveying task comprises not only thévddon of the relative positions of points and extig but also an
estimation of the accuracy of the results [5].

There are different accuracies for the single poieasurement. With the total station, the singliatpaccuracy is
higher. A successful accident scheme using a téakekser scanner may call for measurements @i lpirecision
and accuracy. The instrument manufacturers’ quptedision and accuracy rarely matches the actymlibties of
the instrument.

3.0 M athematical model of Terrestrial Laser Scanner

Range of scans is a function of the laser intersiy reflectivity of the object scanned. The raggiapability of a
laser scanner is more important than it first seelmssome cases, the lack of ranging ability witinpletely
eliminate the ability to do certain projects [1, Banging errors can be observed when known distait range
direction are measured with the scanner. If scanaer not equipped with a defined reference pgimti{ as forced
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centering), it is only possible to determine thagea accuracy of laser scanner by comparing theracgwf the
calculated distance between reflective marks redultom laser scanner and the calculated distarwa bther
accurate instrument (for example total station).

The length of side, from its end coordinates, carcdiculated by:

S:J(Xj _xi)2 +(YJ _Yi)2 "'(Zj _Zi)2 (4)

By differentiation equation (1) and by using progtign law, the accuracy of the side length betwagnpoints can
be determined by using the following formula:

X =X\ X =X\ Y. -Y ) Y -Y. )

2 2
+[Z‘ [_)ZiJ m;j +[Z‘ E)ij mz (2)

If the coordinates of laser scanner position edaDd, 0) at any scan, then the length of side famy scanned point
to the laser scanner position will be expressatérform:

S :\/Xi2+Yi2+Zi2 (3)

Then, accuracy of the length of side from any marithe laser scanner by applying equation (2) eaodbculated by
using the error propagation as:

X2 Y? Z?

2 2 2 2

m2 = m2 + + m (4)
S Xi2 +Yi2+zi2 X Xi2 +Yi2+zi2 mY. Xi2 +Yi2+zi2 Z;

4.0 Horizontal angles (Horizontal Plane)

As shown in figure 2, the horizontal anglg; can be calculated from the geometry of horizotrtahgle OAB' as
following:

_OA”+0B”-AB" 5)
COS O,z = > OAOB .
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Figure 2 — Scanning two points by using terrestasér scanner (TLS)

If the coordinates of laser scanner position e@aD, 0) at any scan, the equation (5) can benstoacted by using
the points coordinates as following:

XAXB +YAYB
in +Y? ng +YZ

(6)

COS O 5 =
The accuracy of horizontal angle has the form:

2m2 + 2 2+ 2m2 + AB \ 2 2. 7
o = o ) M Gy )T+ (Can )M + (5 70 My (1)

5.0 Vertical angles (Vertical Plane)
From each point in the scanned object it is possibl determine the vertical angle of the laser seanif the

coordinates of occupied laser scanner station,i®,(0) then the vertical angle from point A (foraenple) can be
determined as following:

_ Z
Ya=tan™(-——A—)
A XE+Y? (8)
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By using the law of propagation, the accuracy ofigal angle can be determined as
following:

o _ (XRZmg, + (YRZ)mg, + (X +2X5Y,0 +Y,)my, 9)
’ (XA +YD(XZ+YS+Z5)°

m

Figure 3: Leica C10 3D Laser Scanner

The ScanStation C10 from Leica Geosystems is atikr8D laser scanning solution which rapidly gigraphs
then measures everything at a scene, not just wagte considered important at the time. Ideatéonplex
environments and with a 100% acceptance record$ This is one of the most useful forensic advarice
processing crime scenes since the creation of gheghby. It allows an investigator to capture a sdetally and
completely; everything is preserved from the montkatscanner is deployed.

6.0 Momentum

In classical mechanics, momentum or, equivalestihé product of the mass and velocity of an olfjgetmv).
Like velocity, momentum is a vector quantity, passieg a direction as well as a magnitude. Momerituan
conserved quantity (law of conservation of lineammentum), meaning that if a closed system is rfectdd by
external forces, its total momentum cannot chahgementum is sometimes referred to as linear mormenéu
distinguish it from the related subject of anguteymentum [7]

Although originally expressed in Newton's Second/Lthe conservation of momentum also holds in speci
relativity and, with appropriate definitions, a (gealized) momentum conservation law holds in ebegtnamics,
guantum mechanics, quantum field theory, and géneetivity. In relativistic mechanics, non-rehastic
momentum is further multiplied by the Lorentz facto
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The linear momentum of a system of particles isviitor sum of the moment of all the individualeatif in the
system [7]:

n

P = Zm‘év‘i =MV + MaVo + MgV + - + My, Vi,
i=1 (20)

wherep is the total momentum of the particle systemandyv; are the respective mass and velocity ofittieobject,
andn is the number of objects in the system.

The Total momentum before a crash must equal taérmmentum after a crash. Therefore the inlireskeis given
as [8]:

[wix si] +[w2x 52] = [wix s3 +[Ww2x 4 (11)
The angular crash for both cars can be expresslaw$
[Wix Six Sna]+[W2x S2x Sing] = [W1x S3x Sing] +[W2x S4x Sing] (12)

[W1x S1x Cosa]+[W2x S2x Cosg] = [W1x S3x Cosg| + W2x S4x Cosg] (13)

The data from both cars that are involved in actidee presented in table 1

Table 1 — vehicle data

Vehicle #1 Vehicle #2 -
2002 pick up 1989 camry
Curb weight = 3112 Ibs 3081 Ibs
Passengers and cargo = 1413 Ibs 903 Ibs
Total weight = 4525 Ibs 3984 Ibs
Approach angle = 107 degrees 0 degrees
Departure angle = 85degrees 67 degrees
Departure speed = 20 mph 20 mph
Rotation angle = 176 degrees 47 degrees
Distance = 29.59feet 33.64 feet
Drag factor = .75 =75
RR tire locked from impact Both front tires ked from impact
Adjusted drag factor = .456 =.602
Impact speed = 22.3 or 22 mph 37.78 or 38 mph

From equation (12) the momentum of vehicle 2 canabeulated thus:

[3984x S1x Sin0| + [4525x S2x Sin107] = [3984x 20x Sin67] +[4525% 20x Sing4)
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[3984x S1x 0] +[4525x S2x 0.9563 = [79680x 0.9209 + [90500% 0.996 1

[3984x S1x 0] + [4525x S2x 0.9563 = [79680x 0.9209 + [90500% 0.996 1

432725 S2] = 7334544+ 9014705

S2= 3778 — 38mph

Also from equation (13) the momentum of vehicleah be calculated thus:

[3984SLx CosD] +[4525x 37.78x CosL07] =[3984x 20x Cos57] +[4525% 20x Cos5]
[3984x Sl] + -49970= 3113097 + 788255

3984x S1=3901352+ 49970
Sl= 2233 - 22mph
From the results presented above, it can be olddhat the speed of vehicle 2 (S2) was found t@&msph i.e.

(60.&mph), while vehicle 1 (S1) was found to bengt i.e. 3%mph. The results indicate that vehicle 2 (S2)
approach the bent at an excessive speed therdlnolutsol.

Figure 4: 3D Laser scanner crowd points of Accideregne
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Figure 5: 3D cloud points of Accident Scene
7.0 Conclusion

With the growing interest in national and internatl road safety programs, there is a requirenorefiable,
accurate, and timely data to make decisions alaffiictsafety problems and countermeasures. Theohifmese
programs is to document and evaluate the charsittsrof traffic accidents and the interaction afious
components in order to support analysis on trafifety. In the field of traffic accident reconstian, a number of
measurements tools have been adopted with terldsiser scanning being a promising technologhis field. The
greatly reduced on-scene time, resulting to shérdéiic disruption periods, and a permanent 3aigietailed
record of the accident scene are the notable adgestof terrestrial laser scanning.

With the intersection-related crashes making ugh proportion of total fatal crashes, there isadfor recording
their current status in order to improve the desigd operation of road intersections. Terrestasét scanning
provides the capability of recording such infrastanes in a fast and reliable way, where a numbdifierent
information, including traffic control features, lumes, accident characteristics and detailed dptta, can be
easily obtained. This information can then be irdégd within traffic management integrated systamnd be used
for accident prevention purposes.
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