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Preface

Preface

Dear accident expert,

I would like to offer my heartfelt welcome to you as a new member of the Analyzer-
Pro family. With your decision to use AnalyzerPro you trust in one of the most proven

and highly developed accident reconstruction programmes in the world.

The word "family" is not meant as an empty phrase. Software can only develop its
full potential if it is tailored to the needs of its every day users. For this reason |
would like to invite you to contribute to the further development by letting us know

about your specific wishes and requirements.

| am looking forward to your suggestions, criticism, and especially a successful co-

operation.

Kind regards,

f [ ///

/ . I A

Matthias Schmidt, MSc

For the team of AnalyzerPro




1 Introduction

When engaging in accident analysis, one of the daily necessities is performing dis-
tance-time calculations. This fact has led to the development of a computer pro-
gramme which enables users to easily calculate a multitude of variants, create dis-

tance-time graphs and simulate the kinematics of the vehicles involved (=movie).

On the foundation of experience from working in the field, many standard calculation
tools (modules) for a variety of common accident situations were also developed,

as well as the collision analysis and driving dynamics tools.

Some important information:

Upgrades

Once a year, usually in December, a new version of AnalyzerPro is being released.
With this update, AnalyzerPro is always up-to-date with the latest state of technol-
ogy. One of the main goals of the updates is to satisfy customer wishes. If you hap-
pen to have ideas and suggestions for what you would like to see implemented,
please do not hesitate to contact us.

Updates

Any software product as complex as AnalyzerPro can be subject to bugs or might
occasionally not work exactly as intended. In this case please send us a mail de-
scribing in detail how and when the error occurred. We will try to correct it as soon
as possible. From version 22 onwards, the Analyzer carries out an automatic weekly
search for new updates. You can also start this search manually under "Links" ->
"Update". If you do not have administrator rights on your PC, you can also carry out
the installation of an update completely manually: You can download a Zip-file for

your specific version for free from our homepage www.analyzer.at via ‘Downloads’.

To do this, close AnalyzerPro, unpack the zip file into your AnalyzerPro installation
directory and replace the relevant files. If possible, we recommend using the auto-

matic updater.

Seminaries



http://www.analyzer.at/

AnalyzerPro comes with a large number of tools and possibilities, which makes it
difficult for self-taught users to use everything to the fullest potential. Therefore, we
suggest to every user to visit one of our seminaries. For current seminary dates and
further information please visit our homepage, www.analyzer.at, and go to ‘Semi-
naries’. Unsatisfied with seminary locations or dates? No problem, we might be able

to arrange seminaries in your city. Just contact us.
Tutorials

On our homepage www.analyzer.at you will find under the tab "Tutorials" free helpful

learning videos for AnalyzerPro.

Questions, Suggestions, Complaints:

Close contact with our customers is very important to us. If you have questions,
complaints or suggestions, whatever it is, do not hesitate to contact us via the con-
tact form on our homepage — we try to answer as soon as possible.




1.1 Licence Agreement

1. Validity of these terms and conditions

These terms and conditions apply to any order placed through our website or otherwise. Purchasing
conditions of the buyer are excluded for the present legal transaction and the entire business rela-
tionship. This also applies in case that the buyer states that he only wishes to contract on his own

terms and conditions when placing an order.
1.1 Offer and conclusion of contract

The offer on our website to purchase a license for Analyzer Pro or an update license is without
obligation. The purchase contract is only concluded when the order is confirmed by the seller in

writing.
1.2 Transfer of business

In case of transfer of the company to another person, the entire contractual relationship is transferred
to the successor of the company without notification of the buyer. The buyer's rights of withdrawal

and the seller's subsequent liability are excluded in this case.

2. Performance and testing

2.1 The subject of the contract is, against payment of the payment indicated for the respective prod-

uct:
- the acquisition of rights of use for the software products offered by us
- the purchase of a copy of the software via digital download

- the purchase of an activation key, either in the form of hardware (dongel) or in digital form (license

key). The choice of the activation key (hardware or digital) is at the seller's discretion.
- the acquisition of licenses for the use of works,

Not included in the contract is

-the acquisition of further rights of use and exploitation

-the purchase of subsequent software updates and software supplements

-other hardware for using the software.

2.2 Program description




The software Analyzer Pro is used for accident reconstruction by means of electronic data processing
by accident experts. The software can be used to create accident simulations, but these always

require expert interpretation.
2.3 Notification of Defects

Any defects that may occur, i.e. deviations from the performance specifications agreed in writing in
the manual, shall be reported by the buyer to the seller with sufficient documentation, who shall

endeavour to remedy the defects as quickly as possible.

3. Dispatch and risk assumption

The dispatch of dongles is at the expense and risk of the buyer. Upon buyer’s request, these will be
sent by registered mail at his expense. The digital license key is sent free of shipping costs by e-
mail. The seller undertakes to send the physical or digital data carrier within 14 days after receipt of
payment, but at the earliest upon confirmation of the order. The purchaser must provide his postal
address. Delays in delivery and increases in costs resulting from incorrect, incomplete or subse-
quently changed data and information or documents provided by the buyer are not the responsibility
of the seller and cannot lead to a delay on the part of the seller. Any resulting additional costs shall
be borne by the buyer. In case an agreed delivery time is exceeded due to the sole fault or unlawful
action of the seller, the buyer shall be entitled to withdraw from the respective order by registered
letter if, even after a dunning letter by the buyer within a reasonable period of grace, the agreed
performance is not rendered in essential parts and the buyer is not at fault. Force majeure, labour
disputes, natural disasters and transport blocks as well as other circumstances beyond the seller's
control shall release the seller from the obligation to deliver or allow the seller to redefine the agreed

delivery time.

4. Prices, taxes and fees

All prices are in Euro excluding Value Added Tax VAT. The prices quoted are ex the seller's regis-
tered office or place of business. The prices only apply to the present order. The costs for the data

medium and the dongle or the digital alternatives are included.

For all other services (organizational consulting, programming, training, conversion support, tele-
phone consulting, etc.), the amount of work shall be charged at the rates valid on the day the service
is provided. Deviations from an expenditure of time on which the contract price is based, not attribut-
able to the seller, will be charged according to actual effort. The costs for travel, daily and overnight
allowances will be charged to the buyer separately according to the rates valid at the time. Travel

times shall be deemed to be working time.




5. Payment

5.1 The seller shall submit the invoice in electronic form together with the order confirmation. The
invoices issued by the seller, including VAT, shall be payable within 14 days of receipt of the invoice

without any deductions and free of charges.

In case of orders comprising several units (e.g. programs and/or trainings, realizations in partial

steps), the seller shall be entitled to invoice after delivery of each individual unit or service.

5.2 Adherence to the agreed payment dates is an essential condition for the performance of the
delivery or fulfilment of the contract by the seller. Non-compliance with the agreed payment terms
shall entitle the seller to withdraw from the contract without granting a grace period. The buyer shall

compensate for any damage caused by this, including loss of profit.

In the event of default of payment, interest on arrears will be charged to the statutory extent. In the
case of agreed instalment payment, the seller is entitled to declare loss of the payment date
(“Terminsverlust”) and thus to withdraw from the contract. However, the seller can also insist on

payment, which does not require notification.

5.3 The buyer is not entitled to withhold payments due to incomplete total delivery, warranty or guar-

antee claims or complaints.

6. License scope and use

After payment of the agreed remuneration, the seller grants the buyer a non-exclusive, non-transfer-
able, non-sublicensable and unlimited right to use the software on several workstations simultane-

ously. All other rights remain with the seller.

Any violation of the seller's copyrights shall result in claims for damages, in which case full compen-

sation shall be paid.

The buyer is not permitted to make copies of the software for archive and data backup purposes.

7. Right of withdrawal

Cancellations of the order by the buyer are only possible with the seller's written consent. If the seller
agrees to a cancellation, he has the right to charge a cancellation fee of 30 percent of the purchase

price in addition to the services rendered and accrued costs.




8. Warranty, maintenance, changes, leasio enormis (“Verkurzung Uber die Halfte” § 934 ABGB)

8.1 The seller warrants that the software can be used with the specified operating system and the

specified hardware and other system requirements.
8.2.1 The prerequisite for the elimination of errors in the software or the data carriers is that

- the buyer describes the error sufficiently exactly in an error message and this error can be deter-

mined by the seller;

- the buyer provides the seller with all documents (e.g. screenshots) necessary for the elimination of

the error;
- the buyer or a third party has not interfered with the software;

- the software is operated under the intended operating conditions in accordance with the documen-

tation.

8.2.2 In case of warranty, improvement and replacement delivery shall have priority over price re-
duction. A period of one month for remedying defects shall be deemed reasonable. Except in the
case of unusability of the software, rescission (“Wandlung § 932 ABGB”) shall be excluded. The
seller reserves the right to choose to reduce the price instead of the improvement or replacement

delivery.
The presumption of defectiveness according to § 924 ABGB is excluded.

8.2 The seller shall not assume any warranty for errors, malfunctions or damage caused by improper
operation, changed operating system components, interfaces and parameters, use of unsuitable or-
ganizational resources and data carriers, if such are prescribed, abnormal operating conditions (in

particular deviations from the installation and storage conditions) and transport damage.

8.3 In the event of (subsequent) intervention in the software by the buyer's own programmers or third

parties, any warranty on the part of the seller shall cease immediately.

Costs for assistance, error diagnosis as well as elimination of errors and malfunctions attributable to
the buyer as well as other corrections, changes and additions will be carried out by the seller against
payment. This also applies to the elimination of defects if program changes, additions or other inter-

ventions have been made by the buyer himself or by third parties.

Furthermore, the seller shall not assume any warranty for errors, malfunctions or damage resulting
from improper operation, modified operating system components, interfaces and parameters, use of
unsuitable organizational means and data carriers, insofar as such are prescribed, abnormal oper-
ating conditions (in particular deviations from the installation and storage conditions) and transport

damage.




If the subject of the order is the modification or supplementation of already existing programs, the
warranty refers to the modification or supplementation. The warranty for the original program shall

not be revived thereby.
8.4 Warranty claims shall become statute-barred six months after delivery.

8.5 The application of 8 934 ABGB is excluded.

9. Liability

9.1 The seller shall only be liable to the buyer for damages for which the seller can be proven to be
responsible in the event of gross negligence. This applies analogously to damage attributable to third
parties called in by the seller. In the case of personal injury for which the seller is responsible, the

seller's liability is unlimited.
9.2 Exclusion of liability for incorrect simulation and calculation results

Simulation and calculation errors that are due to programming errors do not entitle the buyer to claim

damages from the seller. The final responsibility for the results are with always with the user.

9.3 Liability for indirect damages - such as lost profits, costs associated with business interruption,

loss of data or claims by third parties - is expressly excluded.

9.4 Claims for damages shall become statute-barred in accordance with the statutory provisions, but
at the latest one year after the damage and the party causing the damage have become known.

9.5 If the seller provides services with the assistance of third parties and if warranty and/or liability
claims arise against these third parties in this connection, the seller shall assign these claims to the

buyer. In this case, the buyer shall give priority directing the claims to these third parties.

9.6 If data backup has been expressly agreed as a service, liability for the loss of data shall not be
excluded in deviation from Section 8.2, but shall be limited to a maximum of EUR 10 % of the order
amount per damage event, however, to a maximum of EUR 15,000.00 for the recovery of the data.
Any further warranty claims and claims for damages other than those specified in this Agreement -

irrespective of the legal grounds - shall be excluded.

10. Miscellaneous

If individual provisions of this contract are or become invalid, this shall not affect the remaining con-
tent of this contract. The contractual partners will work together in a spirit of partnership to find a

provision that comes as close as possible to the invalid provision.




11. Data protection, secrecy

The seller undertakes to comply with the provisions of §15 of the Data Protection Act.

12. Loyalty

The buyer undertakes to refrain from any enticement and employment, including through third par-
ties, of the seller's employees who have worked on the realization of the orders, for the duration of
the contract and 12 months after the termination of the contract. The buyer in breach of this provision

is obliged to pay liquidated damages in the amount of one year's salary of the employee.

13. Place of jurisdiction and choice of law

The business relationship between the parties shall be governed exclusively by Austrian law. The
application of the UN Convention on the International Sale of Goods is excluded. For any disputes,
the local jurisdiction of the competent court for the subject matter for the seller's place of business
shall be deemed agreed. For sales to consumers within the meaning of the Consumer Protection
Act, the above provisions shall only apply to the extent that the Consumer Protection Act does not

necessarily provide for other provisions.

14. Mediation of disputes

The mediation clauses recommended by the Professional Association of Management Consultancy
and Information Technology (German: Fachverband Unternehmensberatung und Informationstech-
nologie) of the Austrian Federal Economic Chamber shall be applicable as a business-friendly means

of dispute resolution:

In the event of disputes arising from this contract which cannot be settled by mutual consent, the
parties to the contract agree to call in registered mediators (ZivMediatG) with the focus on business
mediation from the list of the Ministry of Justice for the out-of-court settlement of the conflict. If no
agreement can be reached on the selection of the business mediators or on the content of the me-

diation, legal action will be taken at the earliest one month after the failure of the negotiations.

In the event that mediation does not take place or is cancelled, Austrian law will apply in any legal

proceedings that may be initiated.

All necessary expenses incurred as a result of previous mediation, in particular those for a legal

advisor, can be claimed as "pre-litigation costs" in court or arbitration proceedings.




In case of any discrepancy between the German original of these General Terms and Conditions

and the English translation in here, the German text shall prevail.

10



1.2 System requirements

The software has been developed under Microsoft Windows; programming lan-

guage is Microsoft Visual C++.

The application can only be run from a Windows operating system. We suggest that
Apple users run it by installing a virtual machine with a Windows operating system.

We recommend the following system configuration:

e Operating system: Windows 10/11 64 bit or higher (prerequisite!)
e Processor: 2.5 GHz

e RAM: 16 GB

e Graphics card: 8 GB

¢ Resolution: 1920 x 1080

11



1.3 Installation

The programme is delivered via a download link. Activation takes place via an online

activation key, which must be entered to start the programme.

12



1.4 Update News

141

New in Version 19.0

DXF can be stored in 256 colors

New module: Grazing Traces Bicycle for plausibility check of scratch traces

2D graphic tools: Trees, various obstacles and road elements

Completely new 3D operation:

o

All objects are now selected in 2D and have their own 3D properties
window

3D models are created in real time and can be moved and rotated in
real time (no need to close and reopen the 3D anymore)

Complete synchronization between 2D and 3D

New 3D models (adapt to 2D equivalent): stone wall, garden fence,
guardrail, hedge, deciduous tree, conifer, bollard, hat, road block,
street lanterns, highway lamps, delineators, etc...

Intersection and roundabout now also have a height mesh for center

island and sidewalk

The street can be selected across all elements and can therefore be easily

changed later.

Movable pedestrian models: Woman & Boy

Restructuring of existing 3D models to make it easier to find them in the da-

tabase

The zebra crosswalk can be reset

Database with location coordinates for sunlight calculation (Germany: 13500

locations, Austria: 2300 locations, Switzerland: 4000 locations, Italy: 8100 lo-

cations)

Model Import:

o

o

Control of the view with 1,3,7 as in Agisoft

Possibility of switching between orthographic and perspective (short
key 5)

Ortho image with 2048x2048 or 4096x4096 exportable

13



1.4.2

o Coordinate cross and tile pattern added to preview for easier orienta-
tion
o System for 3-point alignment of meshes: input of angles and distances
precisely aligns the mesh
o Finer resolution of the bottom gauge for smoother movement over the
surface
Simplified vehicle data: Simplified control through blanking of irrelevant val-
ues and insertion of corresponding images
barrier procedure: Bicycle throwing distance inserted after an investigation
by DEKRA
Tyres: geometry calculator
Vehicle database extended by more than 1000 vehicles
Direct synchronization with the Autoview DXF database: When loading vehi-
cle data, the DXF is also loaded if available.
Revised collision analysis backward: The collision analysis in the pulse back-
ward method is now called up directly from track tracking. Adjustments from
track tracking are taken over and calculated directly in the collision analysis.
Friction coefficient and k-factor are highlighted in red if the corresponding

value is particularly critical.

New in Version 20.0

Complete revision of the drawing engine
o Render processes can be processed in a more resource-efficient way
o Displayed graphics are vector graphics
o Antialiasing
o Image processing with alpha channel
Direct drawing in 3D
o Lines can be drawn directly
o Images can be inserted when the 3D view is open
o Shadow cast revised

DDD Importer:

14



O

O

Digital tachograph files can be read in directly and transferred to the
distance-time data.

Readable file types are the C type (social data), M type (1 Hz speed
data) and S type (encrypted 4 Hz speed data).

Output of all data in text files possible

Detailed display for a more accurate representation of the data

e Optimizer for collision analysis: Automatic collision analysis module that out-

puts possible collision parameters according to start and end positions as

well as upper and lower limits.

e Tyre dimensions can be output with decimal numbers.

e The collision analysis now has 3 windows: Small, medium and large.

e New vehicle type: "Animals" - including movable 3D models of dog, cat, horse

and deer

e Vehicle database:

o

o

o

o

Expansion by more than 100 vehicles
Synchronization with Autoview 19
Extension by tyre data of more than 7000 vehicles

Over 100 new vehicles

1.4.3 New in Version 21.0

e Calculation and display of curves using Bezier segments

e Complete revision of the driving line

o

o

o

O

O

o

Fixation of the start and end point on the driving line
Display of phase limits

Automatic attachment of further phases

Reversing with trailers

Multiple changes of direction on a driving line

Revised dialogue for resetting

e Import option for Bosch CDR files

o

o

o

Reading of pre-collision phases
Transfer to kinematics

Automatic summary of related recordings
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Barrier procedures
o Complete revision of the module "Barrier Method"
o Direct setting of positions in Movieview possible
o Integrated control calculation by means of throwing distance
o Direct transfer to the kinematics
Curved ruler with up to 4 different divisions
New 3D standard models for the types: car, lorry, lorry train, articulated truck,
bicycle, moped, motorbike, bus, tractor, tram, minibus, articulated bus, fork-
lift, double articulated bus, double articulated tram
Tracking: Trailer fields are only displayed if a trailer is present.
3D view: middle mouse button to move
New vehicle types: Scooter & senior citizen mobile
Updated vehicle database with synchronisation to Autoview 20 and 100 new
vehicles
Vehicle database for trailers with 100 data sets
DDD Import: User interface revised, specification of the time axis
"Tree Tool." New elements: Person and bicycle
Standard vehicle silhouettes: motorbike, moped, bicycle
Online licence activation via online code
Protractor with tolerances
Shortcut "B" for the selection mode for background objects
Rendering of DXF accelerated
Measuring stick tool in 2D and 3D

Module "Pedestrian Accident" graphically revised

New in Version 22.0

Complete revision of the collision analysis and run-out simulation.
Extension of the automatic collision analysis:

o Variation of relative positions

o EES control computer

o Display of tracks and stroboscope in the overview window

16



145

Administrator rights are no longer required to use the programme
Save settings to editable text file
Import of laser scans in €57 and xyz format
Extension of the general driving line and GPS import
o New file types can be imported
o New diagram for selection
Extension of DDD import
o DDD files of the new generation can be imported
o New diagram for selection
GPX (bike / sports watch) importer
Automatic updater
Synchronisation with Autoview DXF database 2021
Calculator for solar twilight
Traffic signs with transparent background
Module "v = Konst" with extension for multiple vehicles
New module "Video analysis" to read in surveillance camera video files

Images can be inserted via drag and drop

New in Version 23.0

AnalyzerPro is now a 64 bit programme. This means that there are practically
no more restrictions on the image and 3D sizes used.

Image rectification: Rectify and remove barrel or box distortion.

Create a report: A PDF with exact calculation history is created for better
traceability of reports and analyses.

FIT Reader: The GPX Reader can now also read original FIT files and con-
vert them into a clear format

ESO Reader: Tables from ESO measuring devices can be loaded and over-
laid.

CDR Steering Angle: The steering wheel angle in the CDR data can now be

transferred directly to the driving line.
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1.4.6

Data import: Recording segments are now taken from the end and not from
the beginning of the selection range.

GoPro Reader: Metadata from GoPro cameras can be read out and trans-
ferred directly to the kinematic data.

DWG: Images in DWG format can be read in.

Shortcuts: Shift + V and Shift + H move graphic elements all the way to the
front or all the way to the back.

The EES value is displayed in the small collision analysis mask.

Modules with GPS data show them directly on a map.

Yaw and steering angles are displayed in the coordinates window.

> 100 new vehicles in the vehicle database, synchronisation with Autoview
2022.

Graphic module for automatic loading of Google Maps and Openstreetmap
maps.

Position of the toolbar is saved automatically.

The entries in the vehicle database can be sorted.

The driving line shows the current phase during mouse-over.

In the video analysis, frame lengths can be specified manually for calculation.

New in Version 24.0

Automatic Collision Analysis: Impact point height, yaw angle, and yaw rate
can now be considered. Additionally, a third vehicle or obstacle can be
added.

New Interface and Chart Enhancements: Charts (e.g., Time-Distance chart)
now have a new user interface and many advanced features, such as dis-
playing phases and more.

Extensive Expansion of the Bosch CDR Import Tool: Charts, tables, data vis-
ualization, etc.

Dashcam Video Analysis Tool: Al analyzes the video stream from dashcam

videos and determines the driving speed of the host vehicle.
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Text-Based Video Analysis Tool: For dashcams with written speed text, it can
be directly extracted.

Image Cleanup: Remove distracting objects from images, such as parked
cars, with a single click.

In the collision analysis, both collision partners can now be rotated together,
preserving the relative position. Marked graphic objects can also be rotated
together.

Coordinates can be displayed in the print view.

Vehicles with a trajectory can be rotated directly over the vehicle.

In the print preview, field sizes can be dynamically adjusted, and a scale can
be displayed.

3D Models for grass and cornfields, as well as a bus stop.

Manuals can be accessed directly from the Analyzer.

A ruler can be placed directly on the trajectory.

Printing is possible from the 3D view.

The driver of 3D motorcycles can be turned off.

Only active phases are visible in the main data mask and can be adjusted.
The position can be reset and fine-tuned in the "Move Vehicle" feature.

The Ctrl key restricts movements to the main axis directions.

Iterating through all movie objects using the "Tab" key only considers cur-
rently visible objects.

Polylines can import and adopt points in various formats (Disto-Files).
Photogrammetry and laser scan objects are loaded directly after export.
Groups and DXF files can be scaled like images.

Phase names can be displayed on the trajectory.

The Maps graphic tool now supports Google Earth.

Export data from data analysis modules into a .csv file.

Fit curves in data analysis tools can assume any polynomial degree.
"Psychoman” for phase visualization.

Expansion of the vehicle database by over 100 vehicles, synchronized with
Autoview 23.
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1.4.7

Disto Reader for reading measurement points.

In the main data screen, an unlimited number of phases is how possible.

New in Version 25.0

Extension of the vehicle database by over 100 vehicles, synchronization with
Autoview 24

Shadow casting engine: Trees cast shadows

Light sources: Individual light sources can be set, vehicle front lights can be
switched on

Visibility from vehicles, including visual concealment by vehicle elements,
can be displayed using light

CDR data: Tolerances can be entered, calculation of movements in the event
of pre-collision skidding

Trailer dialog shows the entered data dynamically

Wheel contact module revised and extended to include tracks on the wheel
Angle: Position of the labeling can be changed, alternative text can be in-
serted

Vehicle values can be transferred to the model importer

Coordinates dialog also available in black and white

Pedestrian throw distance calculation according to Searl using the barrier
method

Layers can be named individually

Distance-time diagram: Zoom around cursor position

Large database of 2D and 3D road objects

Seat stiffness database for occupant loading

Access interface to the NHTSA crash test database

Google Maps maps can be merged

New driving dynamics and collision analysis
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2 First Steps

You have successfully installed AnalyzerPro on your computer and activated the

programme. You run AnalyzerPro and after a few seconds you will see this picture:
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You can now start working on your report.

At bt Futs

As a short exercise, we shall now look at this accident between a pedestrian and a

car.

1. Define a vehicle:

Party involved - [ Vehicle 1]

Driver.  [Participant 1

Manufacture |BMW
1
Reghlr. No.: [ABC123

Model:

Madel: Car ~]| Roof car|
Length: 4,020 m  Weight: 1000 kg
Widith: 1695 m  Tolal weight: 1000 kg
Wheelbase 1: | 2476 m  Allowed weigh| 1400 kg
Front axls torc| 2475 m  EES mass 1000 kg
Wheelbase 2 | 0,000 m Axes

Owerhang: | 0738 m Tumingcrcle: | 1870 m
Tockade 11 | 1470 m Height | 1400 m

Track axle 2: 1.470 o Friction length- / crosswiss =

Tyres raxdius 151 axle:

[0.300 m

0.300 m

Tyre radivs 2nd axe:

Tyre radius 3rd oxle:

Pasition of C.G: with cargo

X |-|.oo . Y- |a,nu o

Moments of inerfia
1269 kger®

Description: ‘

Yaw: Roll:

[T0300 m @ | v width 15t axie:
Tyre width 2nd axde:

Tyre width 3rd cis:

423 kgm?

- X
ok
Cancel
Help
Data base
0 kg cheight] 0.00m
N ? Veh, DXF:
20 madel
Dist. C.G-axe | 1000 m e
madel
CG.height: (054 m
Copy
Clear
Rectangle corr. 020 m Lris i esdaii
Steering ratio: | i Dliroser =
1: 1e9 O semiraller | >>
0,200
| 272 m O rondem >
0,200 m
0,200 m Import
Export
;  [o54 i
ven |1 +]
Fitch: 1269 ke
Veh. 2

Party involved - [ Vehicle 2]

Driver Parficipant 2

Manufacture [Mum & Dad
W Smith
Registr. No.

Model

Medel;
Length: 0,400 m  Weight:
Widlth:

Front axle torc| 0400 m  EES mass:

Wheelbase 2= | 0.000 m

Axes

Tyre raaclus 15t cder
0,000 m
0.000 m

Tyre radius 2nd axie

Tyre radius 3rd axle:

Posiion of C.G: with cargo

x  [-020 m v, |00

Moments of inertia

Yaw: | 1 kg'm*  Rolk

Descnpfion:

[ 70k
’m m  Total weight: ’775 ka
Wheelbase 1: [ 0400 m  Allowed weigh| 0 kg

Roof car

0 kg

0.000 m | @) | Tyre width Ist ae:

Tyre widith 2nd axle:
Tyre width 3rd axle:
m @

‘n.sa

O kg'm*  Pfch: |

cheight| 0.00 m

Dist. C.G-axle | 0.200 m

C.G. height:

058 m

Overhang: 0.000 m Tuming cicle: 1070 m Rectangle com. 020 m
Trackade 1: | 0000 m  Height: [ 1700 m Steering rafio: 1 : 16
Track axle 2 | 9000 m friction length- / crosswhe = 12 1.00

0,000 m
0.000 m

[T0.000 m

1 kg*m#

= X
oK
Cancel
Help
Dala base
Veh. DXF:
2D model
3D model
Copy
Clear
Dynamics data
O railer Ee
O semi-iraier >>
O 1ondem >
Import
Bxport
Veh: 2 -
veh. 1 Veh 3
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First, the parties involved in the accident have to be defined. Click the icon to call
vehicle data options (%= ). Define the vehicle type as passenger car (Car). Next, you
press the button “Veh. 2” on the bottom right side of the window. Set the vehicle

type of vehicle 2 to “Pedestrian”.

2. Create a sketch:

With AnalyzerPro you can both load images and

draw your own sketches. In this example, we ‘ F ‘

will draw an intersection using the intersection

drawing tool ( Bl ). First click the icon and — ——

then click the spot where you would like to place

the intersection. For this exercise, we will use
the default values and not change any input. Ad-
ditionally, we draw a rectangle at the bottom left

corner which will simulate a house.

3. Create a driving sequence:

Next, we will create driving sequences. For this we open the main data mask for
vehicle 1 ( n® ). First, we have to choose if we want to calculate forwards or
backwards. This has nothing to do with the driving direction! “Forwards“ means: We
know the initial conditions and parameters and we would like to calculate the ending
conditions. “Backwards® means we know the conditions at the end and we would

like to calculate the conditions at the start.

Let’'s assume the following scenario: The car is coming from the left driving with
constant velocity, the driver sees the pedestrian and brakes with full power so that
the vehicle comes to a halt shortly before hitting the pedestrian. We see skid marks

measuring 5 m in length. This is what we do:

We select the calculation mode “Backwards” because we know the end conditions
(Standstill next to the pedestrian). We call a single part of a driving sequence a

“‘phase”. Per phase, we need to enter 3 input values to calculate the unknown ones.

As our first phase, we select “Braking”. Final velocity is 0, die braking deceleration

can be estimated to be 6 m/s2 because there are skid marks. Braking distance has
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can be entered as 5m because that is the length of the skid marks. We press “Cal-

culate” to get our first interim result.

For our Second phase we SeleCt “Buildup“ D\stance—t\r‘nedata—jVeh\cleWJ‘MatthlasS\:hmidl X
in order to factor the time it takes for the = & ey
brakes to develop their full braking power. ‘ — ‘
i . i i Phase Broke  [Buidup [Reachio [v=cons |
Final velocity and deceleration will be taken [om [z7ar [ 3005 [ 3005 [ 600 [ 0% [ 000 s
oo [ios [0 [0 [t [—sms s e [t

from the previous phase automatically. By [ [t oo (58 | oot [—om [—ag v

500 [ 483 [ 4% [ 2332 [ o000 0,00 000 m

129 [ 149 2,49 347 [ 000 0,00 000 5

default, the time (interval) for a buildup

0,00 5,00 | 6,43 | 14,98 2332 0,00 0,00 0,00 m
n time 0,00 129 [ 149 | 249 349 0,00 0,00 0,00 5

phase will be 0.2s. Again we click ‘Calcu- | _.. = .

Copy Delete || Celumn || Diagrom Load Veh. 2

late’.

Before the buildup phase we need a reaction phase, so we select “Reaction” for our
3rd phase. The final velocity will be taken over again, braking deceleration is 0 and

the time (interval) is by default 1 s.

As 4th phase we choose driving with constant velocity (v = const.) with a duration of

2 seconds, which is chosen arbitrarily.

The calculation shows us that the car P das- (e x
had been driving with a constant veloc- | i, i e s e
ity of 30.05 km/h in the beginning. We =D ZD
have successfully taken final conditions “‘-7;';0 : “5;; : —
and calculated a simple initial condition | «“us. i i
using backwards calculation. e Iﬁ o [ om F Iﬁ m
As next step we want to calculate the , : e

pedestrian’s distance-time data. The
pedestrian claims to have rapidly walked towards the road. We open the main data
mask for vehicle 2 (the pedestrian). This time we choose the calculation variant ‘for-

wards’.

We choose ‘acceleration’ as first phase for our pedestrian. Let us assume that the
pedestrian started to walk with one single fast step. We choose initial velocity as 0

km/h, distance of 1 m and final velocity of 5 km/h.

In our second phase we let the pedestrian walk with constant velocity for 1 s.
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4. Adjust the driving line:

After creating the driving sequences, AnalyzerPro will automatically create the ve-

hicles with a straight driving line.

The vehicles now have to be adjusted to fit the actual scenario. Let us assume that
the pedestrian crossed the road just next to the house. Therefore, we drag into the
position that is depicted in the image below. When needed, we might want to rotate
him or her. The button “2 can be used to rotate objects. Please keep in mind that
vehicles (that includes the pedestrian) are always rotated by rotating their driving

line.

Next, we want to adjust the position of the car. For this we have to curve the driving
line. To curve the line, we insert an additional point into the line. This can be done
by selecting the line with a left click and then right-clicking it and choosing ‘Add

point’. Alternatively, you can hover your mouse cursor over the line and press F9.

If everything has been adjusted and you are satisfied with the scenario, you can
press the ‘Play’ button on the bottom side of the screen. The road users should now

move accordingly.

4. Results:
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It could be interesting to know when exactly the driver could have seen the pedes-
trian, since the view is obstructed by the house in the beginning. We open the win-
dow 'Visual ray’ ( *) and tick ‘from veh. 1 to veh. 2'. A line of sight from the driving

cabin to the pedestrian will be automatically drawn.

If we press the button “R”, which is located in the lower area of the monitor, and
choose “Veh. 1”7 next, the car is automatically set to the beginning of the reaction
phase. Now we can determine that the driver of the vehicle has reacted immediately

to the appearance of the pedestrian behind the house.
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3 Program Description
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3.1 Shortcuts

Esc

Termination of a submenu, return to the superordinated

menu. However, it is impossible to close windows this way.

Cursor Up / Down

In a selection box: Marks a menu item with the light bar (but

no execution is initiated yet).

In_an_edit field: Increases respectively decreases the input

value by the last decimal point with calculation, if a calculation
has already been executed previously.

If the Ctrl-Button is pressed simultaneously, the changeable
value will be increased by factor 10.

If the shift button is pressed simultaneously, the changeable
value will be increased by factor 100.

Without selection: If no object is selected, only the mouse

pointer will be moved.

Shift + Move Cursor

Shifts the selected object.

Return/ Enter

In a dialog box: Confirmation of selection respectively input.

With a selected object: The property window of the selected

object is opened.

Tab In a dialog box: Leap to the next field.
Without selection: Cyclically selects the existing objects that
are currently visible in the view, such as vehicles, associated
splines, and user-defined splines.

Image 1 Zoom function: Scale up

Image | Zoom function: Scale down

Ctrl + Draw Orthomode, which means that only horizontal or vertical lines
are drawn.

Ctrl + O Open file.

Ctrl+S Save file.

Ctrl + X Cut.

Ctrl + C Copy to clipboard.

Ctrl +V Insert from clipboard.

Ctrl+ D Opens the diagram options menu.

Ctrl+T Time adjustment.

Ctrl + W Close file.
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F1 Support regarding the topic.

F2 Executes the calculation.

F3 (_Zreates a copy of all depicted vehicles at a particular point in

F4 gtnt;lltlai.sion box switches between big and small depiction.

Alt + F4 Exit program.

Ctrl + F4 Close active window (is not valid for the dialog box).

F5 Open module ,Constant velocity*“.

Ctrl + F5 Open module ,Reaction - Brake®.

F6 Open module ,Calculate Distance — Time*.

Alt + F6 Open module ,Calculate Distance — Time* (Partial braking ar-
eas).

Ctrl + F6 Switch to next window.

Ctrl + Shift + F6 Switch to previous window.

F7 Calculator.

F8 Open Distance — Time - Diagram.

F9 Placg a point on a selected line (defining) respectively delete
a point.

F10 Open box for colour adjustment.

F11 Switch between straight and curved sections of a spline.

F12 Duplicate object.

Alt + Back Undo.

Alt + Shift + Back Rerun undone action.

Print Copies box to clipboard.

Alt + Print Copies the present box to clipboard.

Z Function ,Zoom®“.

X Play / Stop

F Catch: _Selects Fhe next object and moves the cursor to the
appropriate position.

S Starts the mode ,Stretch® / ,,Compress* respectively ,Shift".

E Starts the mode ,Edit".

R Starts the mode ,Rotate” / ,Shift".

\Y Brings an object one level forward (Sequence).

Shift + V Move object to the top (Sequence).

H Sends an object one level backward (Sequence).

Shift + H Move object to the bottom (Sequence).

P New vehicle position in tracking.
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De/activate selection mode for background objects
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3.2 The Mouse

Left mouse button: Normal function analogous to other Windows programs: Draw,

Drag, Rotate, Select, etc.

Right mouse button: Opens the menu ,Properties”, dependent on the current selec-
tion.

Mouse wheel: The function of the mouse wheel can be assigned at Options / Prop-
erties.

If ,0 is selected,
e Turning the wheel forward/backward - Zoom (forward: maximize, backward:
minimize)
e Shift + Turning the wheel forward/backward - Shifts a sketch to the left/right

e Ctrl + Turning the wheel forward/backward - Shifts a sketch upward/down-
ward

Middle mouse button (= pressing the mouse wheel): Shifts the image section.
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3.3 File

3.3.1 New

(Icon: ) When choosing ,New", an empty report with standard values (mostly

0) is loaded. Subsequently you can determine a name for the new report with ,Save

as... .

3.3.2 Re-Open File
A file with the name ,New.anl“ will open.

The user can now create an individualized file ,new.anl“. This way, personal prefer-
ences can be set as standard for upcoming reports. First, you have to select “New”
in the menu and specify the desired properties. As a second step, you can load
various objects, which you repeatedly need, and adjust the line properties etc. Af-

terwards, please save the file as “New”.

The next time ,Re-Open File® is selected, this file will be loaded; in order to avoid
unintentional changes to the standard report, the window “Save as...” will open as

well. Here you can determine the final file name.

3.3.3 Open...

(Icon: ﬁ) With this icon, you can open already created and saved Analyzer docu-

ments.

3.3.4 Close

(Icon: ! ‘) Selecting this icon will close the current Analyzer document.

3.3.5 Save

(Icon: B) Your calculations will be saved under the current name and in the folder

from where the file has originally been retrieved.
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If no name has been selected yet, for example after ,New", the program will prompt
you to insert a name. In case no other particular folder is chosen, the report will
automatically be saved in the folder that is set for report files under the menu item

,Options®.

The ending of Analyzer documents is *.anl. In case you do not insert an ending,

*.anl will automatically be used.

The attached DXF, images and other files are also copied to the destination and
stored in the folders "DXF" or "Maps". If the .anl is to be transferred from one PC to

another, these folders must be taken along.

3.3.6 Save as...

If you would like to save the calculations under a different file name, please choose

this menu item. It will prompt you to insert a name then.

The attached DXF, images and other files are also copied to the destination and
stored in the folders "DXF" or "Maps". If the .anl is to be transferred from one PC to

another, these folders must be taken along.

3.3.7 Create backup copy

Creates a backup of the current file called " AnlPro_Date.anl ". You can find this file
in your installation folder under the subfolder "Temp". Up to 5 backup copies are

stored in parallel.

3.3.8 Open graphic

(Icon: ﬁ) Files in bmp, jpg, jpeg, gif or dxf format can be used for graphical depic-
tions (Movie and diagrams). The files can be loaded as background images and as

normal objects.

If bmp or dxf is selected, the program will automatically show the folder which is set
for this type of files under Options/Settings/Directories.
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Dxf-Files are loaded as a group; you can choose if the grouping shall be loaded in
blocks (Layers), labelling of objects or in an ungrouped manner.

If a Dxf is loaded in an ungrouped way, it is only one object and all lines have the
same characteristics, f.e. the same colour. If the Dxf is loaded as a group, each line
IS a separate object with own characteristics.

Images and DXF can also be dragged and dropped from Windows Explorer into the

programme.

3.3.9 Copy graphic in clipboard

The content of the diagrams and the movie can be copied in the clipboard as a

Bitmap and is then available for other applications.

In order to make a printout of your report in a word processor, you can insert sepa-

rate parts from the copy in the clipboard to your text.
The current window respectively the current dialog box is copied in the clipboard.

For copying a graphic in the clipboard you can either select the menu item or click

on the right mouse button. There you can also choose Copy - Clipboard.

Input windows within the accident modules will be copied in the clipboard without

any disturbing operating buttons or switches. The background is white.

This way, only the relevant parts of the modules are copied in the clipboard; oper-
ating buttons etc. are not copied and the background remains white.

Operating principle of the “Print” key

Instead of using the right mouse button and selecting the appropriate point, you can

also copy dialog boxes, f.e. calculation masks, with the key ,Print“ on your keyboard.

If you would like to copy the entire mask (including the background colour) in the
clipboard, use ,ALT" + ,Print".

In case the entire screen content should be copied, no input window shall be active

prior to using the ,Print® key.
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3.3.10 Save graphic as Bitmap

The content of the diagrams and the movie can be copied as a Bitmap and is then

available for other applications. The target directory is set in the Bitmap directory.

3.3.11 Save graphic as DXF

The prepared drawing of diagrams and of the Movie can be saved as a dxf-file and
are available for other applications then. Line properties are considered. For saving,

all required elements need to be marked.

3.3.12 Open graphics utilities

(Icon: “) The file ,Windrose“ is opened. In this file, you can find several useful draw-
ing items which you can copy (Ctrl+C) and insert (Ctrl+V) in your current report file.
You can expand this file with further useful elements yourself. The file to be opened

as a Utility-file can be determined under Options/Settings/Directories.

3.3.13 Print

(Icon: ¥) The page view allows you to view the printout in | """

Scale: ’I_W ’T‘
advance. You can shift the printable section using the arrow

ol Cancel
buttons. The view can also be moved with the left mouse but- | & Help

ton hold down. The view can be zoomed with the mouse | ™™™ :

User

blabla

wheel.

Centre field

It is possible to assign a person responsible for the file. The | foee

Project:

name will be printed on the left below the licence name. Fur- | we

thermore, the name of the person is saved in the Registry and

read by the program when opening it.

Size: [}, T‘

Font ‘Cen?ury Gothic -]

Middle Field: In the header of the printout, it is possible to in-

sert a text in the middle. You can choose to create a printout with framing (double
line) or as fullscreen without framing. The entire content of the Movie window (with-

out toolbar etc.) is printed.
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The frame width is adjustable. If 1 is chosen, only one frame line with the smallest
possible frame width is used. The greater the number, the bigger the unprinted
frame will become. You can click and drag with the left mouse button to move some

of the subdivision lines within a certain range. This setting will be saved.
In the upper right corner, it states: Report: File name

You can change the text in the text box ,Report®. The text stays the same within a
document unless it is changed again. If the file is saved with a new name or if a new

file is opened, the default text “Report: File name” is displayed again.

Under “Comments” further information can be added. The font size, type and colour

can also be selected.

If you print from the movie view while having the coordinate display open, it will also

be shown in the print preview and can be freely adjusted there.

“Save PDF”: You can save the file directly as PDF. This is based on “Microsoft print

to PDF” which is available per default in Windows 10.

"S": Perform a search for network printers. If network printers are found, they will be

added to the printer selection drop-down.

Option "Vector Printing™: This is the default selection. With this option, all graphic
elements are transmitted to the printer or PDF as vector graphics. This means that
the resolution in the printout may be better than in the print preview at screen reso-
lution. If you do not choose this option, at the moment of printing, the print preview
image is rasterized at the selected DPI density, creating an image that the printer
then uses. The advantage of this approach can be that the printer may need to
perform fewer potentially resource-intensive operations than with vector printing,
which can help avoid issues with certain printers and highly complex sketches. This
can also reduce the file size of PDFs.

Tip 1: In case the desired scale does not fit on one page, please create two printouts,
with a scroll of the screen in between. In order to ensure a horizontal or vertical

scroll, it is recommendable to use the keyboard: Cursor keys on the keypad.
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Afterwards, stick the pages together. For a precise juncture, position a small line

object on the appropriate border on both sides.

Tip 2: All calculation masks and dialog boxes can be directly printed. For this pur-
pose, perform a right-hand click in an empty area of the calculation mask or dialog

box and select “Print directly” in the appearing menu.

3.3.14 Setup printer...

With this icon, you can setup your printer. In case several printers are connected,
the right device can be chosen here (see Windows — Support). It is also possible to

choose the landscape format in this menu item.

Attention: If you change the printer setup (for example the print format), the scale of
the Movie will change as well. The choice of printer is saved and re-selected for the

next time, given that the printer is available upon starting the program.

3.3.15 Export data

Input data and calculation data can be saved in the clipboard or in a text file. You
can choose between substituting the existing content and adding to the existing

content.

The data on parties involved (,Vehicle data“), data on ,Distance — Time*, the ,Serial

collision“ as well as stress on the passengers, , Tracking®, ,Driving dynamics data“,

,Simulation data“ and the collision analysis can be

issued as a text here.

Help

If “Output: Clipboard” is chosen, the selected ele-

ments can be inserted to a data file using | o e ome eoe
“‘CTRL+V”.

If ,Output: Text file“ is selected, a file is created simultaneously to choosing one of
the buttons in the selection box. As a default, this file is given the same name as the

report file, but with the ending ,..txt“. Of course, you can change the name or select
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an existing file. With the button “Open”, the file is loaded with the Editor pre-deter-
mined in the default settings. If no file with the same name exists, a new one is

created.

Tip: After you have opened a text file, you may select further data to be inserted to
the text file by pressing the selection buttons. However, the Editor cannot “refresh”
automatically, hence, the effects are not visible. You need to close the file without

saving and re-open it. Use the clipboard to import data in the open text file.

Data of the main data set (Distance — Time data) up to 7 sections is delivered in a
way that the sections are arranged in columns. For more than 7 sections space
would not suffice, hence, the table is mirrored and sections are delivered line by

line.

"Mode: Attach” — The selected text blocks are attached to each other in the arranged

order and inserted as one entire block.

"Mode: Overwrite" — Only the last selected element is inserted.

3.3.151 Data list

You can issue a data list for one or two vehicles next to | DataList Options x

each other. Tick the appropriate boxes to determine which venBl=]| ven[2 =] ||
Phase e

values shall be shown. With “Time increment” you can ad- | Erain | ratn

Veloc. Veloc.
just the output frequency. il | Lt

Time 020 w| s
Furthermore, you can decide if the initial values of the | [ consderiiial curve values

Course of time
® forwards O backwards

curve shall be considered or not. This means, if the initial
Round times

values of the curve are not considered, the time and dis-

tance of every vehicle starts with 0. The output of time states the duration until the
vehicle movement ends, the distance the route until the end. Thus, the output is not

synchronous to the other vehicle.

Conversely, if the initial values of the curve are considered, time starts with the last

occurring point in time and the distance represents the position of the vehicle now.
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The value of the distance is calculated as the sum of the distance to the end plus

the initial value of the curve. In this case, vehicles are synchronous.

Moreover, you can determine if the data list shall be issued forward or backward
time-wise. Points in time can be rounded. In any case, the phase boundaries be-
tween the rounded times are stated. At the beginning of a new phase, a paragraph
is inserted. If more than 7 columns are available in the main data mask, the section
output will be arranged one below the other, otherwise like in the mask itself next to

each other.

3.3.16 Create report

This module is used to create a PDF file to increase the comprehensibility of the

calculations for third parties.

Create Report X

Select which data you want to have in the report Create

Vehicle 1 w Close

Distance-Time Data with Calculation

Distance-Time Data in tabular form 0,10 S
Collision Analysis (detailed)

Coasting analysis in tabular form

Vehicle data

Help

Depending on the selection of the different options, different text elements are in-
serted into the PDF that mathematically explain the previously performed calcula-

tions.

3.3.17 Send mail

This menu item opens a new mail in Microsoft Outlook and inserts the current Ana-

lyzer file in the attachment.
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3.3.18 List of documents

The recently opened Analyzer files are quoted here.

3.3.19 Load backup file

If the setting "Create backup copy" has been made, then a backup copy is created
in the set interval in the installation folder under the subdirectory "Temp". Up to 5

different backup files can be created in parallel. If the user has now made changes
in the original file after creating a backup file, but then wants to return to the previ-

ous status, it is possible to call up the backup file here.

3.3.20 Exit

The program can be closed either with the menu item ,Exit*, the ,X* Button in the

upper right corner or with ,ALT + F4”.

Your last settings (like window size and position) are saved in the Windows-Regis-

try. They are at your disposal as a default option for the next program start.
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3.4 Edit

3.4.1 Undo

(Icon: “"f”) Many of the last actions can be undone with this command, for example
the editing of lines in the Movie, shifting of curves or similar. Numeric input or the

press of keys (f.e. calculation key) cannot be reversed.

3.4.2 Redo

In contrast to ,Undo, this command allows you to redo an action you have previ-

ously undone.

3.4.3 Cut

The menu item ,Cut® removes marked text or graphic objects and copies them to

the clipboard.

3.4.4 Copy

When using ,,Copy“, marked text respectively graphic objects are copied to the clip-

board without removing them from the document.
3.4.5 Paste
The command ,Paste” inserts marked text from the clipboard in the current text box

respectively places graphic objects on the current cursor position.

3.4.6 Copy and paste

(Icon: ' ) Serves the duplication of the current line object in the Movie window. The

copy will be positioned a little bit to the right and below the original object.

If the duplicated object is subsequently shifted, the relative coordinates to the origi-

nal position are displayed in the lower edge of the screen.
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3.5 View

3.5.1 Tool bars

You can select the tool bars to be shown here.

3.5.2 Status bar

Enables the status bar in the lower area of the screen.
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3.6 Involved

3.6.1 Environmental data

(Icon: U) With this menu item, the road’s gradient can | * &omena o *

Street gradient

be set. You can adjust it either by entering the gradient
in the direction of the x axis and y axis or by stating the

street gradient and the direction in the coordinate sys-

tem. Use positive values for an inclining and negative

Gradient in X-direction 00 %

values for a declining slope. Grodentin rkecton | 90 %
Street gradient 00 ¢

The street gradient is only taken into account for tracking Diection of the siree! OO

(Coasting analysis backwards) and driving dynamics re- A ensty: M.226 Heg/me

OK Cancel

spectively a coasting analysis forwards, but not for kine-

matics. Where applicable, you can also adjust the air density required for calculating

the air friction here.

3.6.2 Vehicle data

(Icon: =) Up to 16 accident participants can be defined in the input mask. Each
participant respectively each vehicle is coded. The current code is recorded in the
title bar. In the upper left area you can insert name, manufacturer, model and regis-
tration number. At the dropdown menu “Model” you can choose between the follow-

ing vehicle types:

e Car e Truck e Truck trailer e Semitrailer

e Motor-as- e Bicycle e Motorbike e Pedestrian
sisted bike

e Bus e Tractor e Commercial e Special vehicle

vehicle

e Tram e Minivan e Obstruction e Vehicle

e Articulated e Tree e Forklift truck e Guardrall
bus

e Double-articulated bus e Double-articulated tram
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e Animal e Scooter
e Senior citizen mobile

Special case forklift truck: In order to depict the back wheel control in an appr

O-

priate way, distance, velocity and acceleration need to be inserted in the Distance

— Time data with reversed signs: negative velocity — the forklift truck with back wheel

control moves forward.

Party involved - [ Vehicle 1] — X
Driver: “ OK
Manufacture | Cancel
Model: |

Help
Registr. No.: |
Data base
Model: |Cc1r
Veh. DXF:

2D model
Length: 4,020 m Weight: 1000 kg Dist. C.G-axle | 1,000 m

3D model
Width: 1,695 m Total weight: 1000 kg C.G. height: [0.54 m
Wheelbase 1: | 2,475 m  Allowed weigh 1400 kg Copy
Front axle toro| 2,475 m  EES mass: 1000 kg ‘ Clear ‘

Wheelbase 2: | 0.000 m | Axes |
‘ Dynamics data

Overhang: 0,736 m Turning circle: 10,70 m Rectangle corr. 0,20 m

Track axle 1- 1,470 m  Height: | 1,400 m Steering ratio: 1: 16 [ trailer
Track axle 2: 1.470 y Friction length- / crosswise = 1:] 100 [ semirailer
Tyre radius 1st axle: 0,300 m Tyre width 1st axle: 0200 m [ tandem

Tyre radius 2nd axle: 0,300 m Tyre width 2nd axle: 0,200 m

Tyre radius 3rd axle: 0,300 m Tyre width 3rd axle: 0,200 m Import

Position of C.G: with cargo Export

X -1,00 m Y- 0,00 m 7 0,54 m
Veh:|1 =

Moments of inertia

Yaw: 1269 kg*m>  Roll: 423 kg*m?  Pitch: 1269 kg*m?

Description: |

[ venz |

If a new vehicle model is selected, the default data on file is automatically loaded.

The program reads the default values from the files "_PKW.dat", " _LKW.dat", etc.

The directory is the same as the one set for the motor vehicle database. You can

adjust the values according to your wishes in these files.

In the middle part of the window, you can view and adjust geometrical data to your

vehicle.
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For vehicles with three axes, it is necessary to insert the ,Wheelbase 2% it repre-
sents the distance between the first and second rear axle. If the value equals 0O, the

vehicle remains biaxial.

With "Front axle to ro." you can adjust the position of the current rotation centre of
the vehicle. If the value corresponds with the wheelbase (standard value), the pivot
is positioned in perfect prolongation of the second axis. For a biaxial vehicle, the

condition laid down by Ackermann are fulfilled.

If simple outlines are used as a vehicle depiction (not for depictions in dxf), a line
across the vehicle is drawn at the position. For vehicles with three axes, the value

needs to be increased if the third axis is not steered.

Information regarding the weights are required for the serial collision and collision

analysis:

Passenger weight and loading: You can insert the mass of passengers and loading
into the boxes of the vehicle depiction in the upper area of the window. These values
are automatically added to the empty weight of the vehicle and depicted in the box
,Total weight“. The value inserted as passenger weight is used for the calculation of

passenger acceleration caused by collision.
"Weight": Weight of the empty vehicle.

"EES mass": Value of the mass to which the EES value is referring. At least the
empty weight needs to be inserted. In case comparable photos are available, the

test mass can be entered here, and the conversion can be skipped.

"Dist. C.G.-axle" (Distance centre of gravity — axle in the empty car): Distance from
centre of gravity to the front axle without consideration of the loading. If passengers
or a loading is specified, the actual distance from the centre of gravity to the front
axle is calculated. The centre of gravity is depicted as a little square in the simple
vehicle presentation. The distance from the centre of gravity is required for the col-
lision analysis. The vehicle is connected to the centre of the tyre contact points of

the first two axes with a driving line.
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If the value of the centre of gravity to the front axle does not amount to half the
wheelbase, then a difference in rotation movements arises between the velocity of

the centre of gravity and the velocity of the vehicle centre (kinematic velocity).

"C.G. height": Distance of the centre of gravity from the ground in unloaded condi-

tion.

"Turning circle": Smallest turning circle diameter. With this value, the smallest pos-

sible radius for the module “Turning procedure” is calculated.

"Steering ratio": This value is needed for the module ,Turning procedure“ and for

driving dynamics.

"Rectangle corr." (Correcting value): Distance of the exterior front vehicle corner to
the corner point of the described rectangle. (The turning circle relating to the de-
scribed rectangle would be greater than the actual turning circle by twice the cor-

recting value.)

"Friction length-/ crosswise": This figure is required for tracking (coasting analysis).
It allows to adjust the difference between the frictions of a blocked wheel lengthwise
respectively crosswise. For many wheels, the maximum shear force amounts to 85
to 90% of the longitudinal force only; in this case, 0.85 respectively 0.9 has to be

entered.

"Tyre radius and tyre width": The tyres in the Movie are depicted on the basis of
these values. If the tyres shall not be depicted, either change the colour to back-

ground colour or set the values to 0.

"Position of C.G.: with cargo™:

X...Distance from the front axle in longitudinal direction,

Y...Distance from the centre in transverse direction, left side: positive,
Z...Distance from ground

"Moments of inertia":
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Is calculated automatically, but can also be done manually. For a manual input, the
length, wheelbase and masses have to be entered first, as amendments in this field

lead to a recalculation of the value.
Yaw: Rotation about the vertical axis (Z axis)
Roll: Rotation about the longitudinal axis (X axis)

Pitch: Rotation about the transverse axis (Y AXxis)

3.6.2.1 Axes

If more than three axles are present, they can be adjusted at ,Axles”.

B ' Truck specifications - X

You can activate a second front axle as | ..o o

well as a second and third rear axle. Fur- '“’eg:*'i L et 2478{m| L] DUl whect
thermore, it is possible to depict the rear | mizrearaxe Whesibase 2 [ 0000 m [ Dual wheels

[ 3rd rear axie Wheelbase 3: | 0,000 m [] Dual whesls

wheels as dual wheel.

Cancel OK

The value "Centre Distance" describes the distance between the first and the sec-
ond front axle. ,Wheelbase 1“ states the distance between the first front axle and
the first rear axle, ,Wheelbase 2“ is the distance between the first and second rear
axle, ,\Wheelbase 3“ is the distance between the second and third rear axle. The
axes are only depicted if the axial distance respectively the wheelbases 2 or 3 are
greater than 0. Moreover, you can specify that the first rear axle is steered by the

front axle.

3.6.2.2 Calculate Tyres

(Icon: @) The tyre sizes entered here are used for calculating the tyre radius and

tyre width.

3.6.2.3 Data base

You can load vehicle data from the data base here. This can be done with the drop-
down menu or via the HSN search field. Click on ,Data base“ and select the vehicle

via a left click and the button ,Load".
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Car Data Base x

Manufact. [T ~| s\ Pttt
Type Model HSN/ KBA 1 TSN/ KBA 2 Manuf. since Displacement  Power [kW/hp] Length [m] Width [m] Weight [kg] ~ 14
Carens (FC) 1.8 93KW 8253 345 2003 1793 93/126 4,493 1,748 1462
Carens (FC) 2.0 CRDi ... 8253 344 2003 1991 83/113 4,493 1,748 1549 Dxf available
Carens (FG) 2.0 106KW 8253 0 2007 1998 106/144 4,545 1,82 1519
Carens (FG) 2.0 106K.. 8253 0 2007 1998 106/144 4,545 1,82 1537
Carens (FG) 2.0 CRDi ... 8253 0 2007 1991 103/140 4,545 1,82 1657
Carens (FG) 20 CRDi ... 8253 0 2007 1991 103/140 4,545 1,82 1652
Carens 1,6 GDI Attrac... 8253 AEP 2014 1591 99/135 4,525 1,805 1458
Carens 1,7 CRDi Editi.. 8253 AFR 2014 1685 104/141 4,525 1,805 1567
Camnival (MB) 2.7 V6 A.. 8253 0 2006 2656 139/189 4,81 1,985 2046
Camnival (MB) 29 CRDi 8253 0 2006 2902 136/185 4,81 1,985 2168
Camnival (MB) 2.9 CRDi... 8253 0 2006 2902 136/185 4,81 1,985 2189
Camival (UP) 2.5 V6 12... 8253 321 2001 2497 121165 4,89 19 1836
Camnival (UP)25 V6 A... 8253 321 2001 2497 121/165 4,89 1,9 1851
Carnival (UP) 29 TD 93... 8253 320 2001 2902 93/126 4,89 19 1955
Carnival (UP) 29 TD A.. 8253 320 2001 2902 93/126 4,89 19 1965
Ceed Pro_Ceed 1260 AAH 2008 1591 90/122 4,25 1,79 1275
Ceed Pro_Ceed 1260 ACV 2014 1591 99/135 4,31 1,78 1250
Ceed Ceed Sw 1260 AAU 2009 1396 66/90 4,48 1,79 1420
Ceed 1.4 BOKW 8253 0 2008 1396 80/109 4,235 1,79 1263
Ceed 1.6 90KW 8253 0 2008 1591 90/122 4,235 1,79 1263
Ceed 1.6 90KW Aut.. 8253 0 2008 1591 90/122 4,235 179 1291
Ceed 1.6 CRDi 66KW 8253 0 2008 1582 66/90 4,235 1,79 1367
Ceed 1.6 CRDI B5KW 8253 0 2008 1582 85/116 4,235 1,79 1367 Add custom vehicle
Ceed 2.0 10SKW 8253 0 2008 1975 105/143 4,235 1,79 1341
Ceed 2.0 105KW Au... 8253 0 2008 1975 105/143 4,235 1,79 1349
Ceed 1,4 Attract 1260 ACU 2015 1368 73/100 431 178 1254 Help
Ceed 1,0 T-GDI 100 ... 1260 ADU 2015 998 74/100 431 1,78 1279
Ceed GT 1260 AD) 2015 1591 150/204 4,31 178 1382
Ceed 1,4 CRDI 90 E.. 1260 ACW 2013 1396 66/90 431 1,78 1365 Cancel
Ceed 1,6 CRDI 136.. 1260 ADP 2015 1582 100/136 431 178 1364 v
5 Load
Search for:
Type Sales name : TSN: Constr. year: |1950 Kind | - all kinds - -

By clicking on the designation list in the upper area, the content can be sorted ac-
cording to the selected value.

Filter: Insert your search parameters in one or several of the boxes. All data sets not
complying with your requirements will be concealed. Upper and lower case are not
relevant for the search. The sales name does not have to include the entire word.

Hence, "Aston Martin V8 Vantage S" can be found with the letter ,S*

Type: You can choose if all vehicles of a manufacturer shall be displayed or only for

example cars.

DXF path: If you have the Autoview DXF database, you can synchronize it directly
with the Analyzer database. Select the path to your DXF database. If the process
was successful, a check mark for confirmation is displayed. If a DXF has now been
found for vehicle data, the corresponding line is highlighted in red. When the vehicle

is loaded, the DXF is automatically loaded, scaled and the contour adjusted.

If the 3D model database has been activated, the existing vehicles are highlighted

in blue. The 3D models are then loaded automatically.

If DXF and 3D models are available, the entry is highlighted in violet.
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The database only contains geometrical vehicle data but not vehicle dynamics data.

Standard tyres are stored for all vehicles.

3.6.2.4 Add custom vehicle

This menu item offers you the possibility to add own vehicles to the database.

Please note that the values required in ,Mandatory fields“ have to be specified.

If you have already inserted vehicle data
in the respective menu, you can import

them via “Load actual vehicle data”.

The database is saved in your installation
folder under the name ,ExtraVeh.csv". If
you update to a higher version of Analyz-
erPro, you can copy the file to the respec-
tive installation directory and continue with

using the database you have created.

3.6.2.5 2D Model (DXF)

Add vehicle to database

Mandatory

Manufacturer

Model

Type
\

Max. Veloclty
‘u km/h

Rad. tumning circle
‘o.m m
Allowed vel.:

o kg
Wheels front

‘o /o

Load cumrent veh.

data

Length
- ‘a.oo m

Welght
o kg

HSN-No.
TSN-No.
Hight c. 0. mass

0,00 m

C.o.m. distance
0,00 m

width
[0.00 m

Overhang
0,00 m

Veh.-type.
Car -

Power
0 kw

Year
1950

Displacement

0 ccm

Wheels rear:

R [0 [o

Help

/0 R

Cancel

o

Height
0,00 m

Wheelbase
0.00 o

Track axle 1
0,00 m

Track axle 2
0,00 m

With DXF files, simple outlines in the Movie and the simulation can be substituted

with detailed vehicle depictions.
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A, Offnen

Suchen in: ‘ BMW
Z} Name
] . | E30-F.DXF
Schnellzugriff 1 E30-SR.DXF
[V al ] E30-SS.DXF
Desktop . | E30-ST.DXF
| E31-QF.DXF
. | E31-QR.DXF
Bibliotheken . | E31-QS.DXF
Q | E31-QT.DXF
\/ . | E34-1-F.DXF
DleserPC  E34-1KRDXF
Q% | | E34-1KS.DXF
Netzwerk || E34-1KT.DXF

| | E34-1ST.DXF

- | FEcE-

Anderungsdatum
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 22:00
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 22:00
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 23:00
31.12.2000 22:00
31.12.2000 22:00

v

<

Dateiname:

>
ﬂ Offnen
Abbrechen

[E31-QT.DXF

Dateityp: [Veh. drawings (*.dxf) -]

Conftour points

No |0 =| x| 1974 m ¥ 0,000 m

Horiz. symmetrical

[ 2nd DxF
shift: x| 0037 m v.| 0008 m [ scaleds |[<->[A-v
Scale: X: | 0,841 Y: ‘ 0,927 Fit contour Reset
Length correction (fr.wheel): ’W m  Widih correction (ext. mirrors): -0,.250 m

"Open": Selected DXF file is loaded

"Cancel": Selected DXF file is discarded

"Scale DXF": Adjusts the DXF size to the vehicle length and width and centres it.
"< - >": Mirroring DXF

"Fit contour": Length and width of the vehicle are adapted for the DXF, which means
that the values are changed according to the DXF and the contour is approximated
to the DXF.

"Reset": The default setting of the contour is restored.
"Contour points" — For manual adjustments of the contour:

"No": Point number (0 — 47), the blue square marks the selected point
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"X": X coordinate (longitudinal direction)
"Y". Y coordinate (transverse direction)

"Horiz. symmetrical": Changes in the upper/lower half of the vehicle are performed

identically on the opposite side.

"2nd DXF": It is possible to show a second DXF in the Movie sequence, for example
a motorbike can be presented in side view after a fall. In order to select a second
DXF, open the dialog box with the button . You can decide to switch the DXF after
a collision (phase "KOLLISION" or "DELTA-V") or at a predetermined point in time.

Furthermore, you can specify if and in

[v automatically after coll.

which direction a potential 3D model | o affer time: 0.000
shall fall. Side position (3D): @ none QO left O right

3.6.2.6 3D-Model

You can load a 3D model for a 3D illustration of a vehicle here. Without selection, a
default model according to the vehicle type is loaded. The appropriate models can
be found in the folder of the 3D models (PKW.murlpkg, LKW. murlpkg etc.).

3.6.2.7 Copy

It is advisable to place alternative variants of calculation, for example an avoidance

calculation, on another code.

You can copy the data of a party involved in an accident from one code to another.

3.6.2.8 Dynamics data

Dynamics data are used for the coasting analysis with forward calculation as well
as the general examinations relevant for driving dynamics. In this mask, you can
enter time-independent values. Time-dependent values (like steering, braking, etc.)

are keyed into the ,Simulation data®“.
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"Ratio of friction — Slid./static friction": Ratio of the tyre | Siiffness (N/m), Damping (Ns/m)

.. - - | 13212 | 19488 N/m

friction from sliding to non-sliding. 1651 2ase
- home =Ty -

"Stiffness, Damping": Stiffness values of the wheels | 11t s 243

[N/m]. | 1s212 | 19488 N/
Stabiliser factor: W

max. spring deflection: 0,12 m

Default values are calculated in a way that the entire
spring rate, i.e. the sum of all four wheels, corresponds to the 20/3-fold of the weight
/ m. Hence, for a vehicle with a mass of 1000 kg it is 65400 N/m. This value will be

distributed among the wheels in proportion to the wheel load of the empty vehicle.

In the situation of a retrodisplacement of the centre of gravity, which would equal
half the wheelbase, i.e. a wheel load distribution of 50 : 50, the spring stiffness for
every wheel would amount to 65400 / 4 = 16350 N/m.

These values need to be decreased respectively increased for softer respectively
stiffer spring-loaded vehicles.

In the dropdown menu, the setting can be changed from ,Normal“ to ,Soft* — from
20/3 to the five-fold of the weight - for soft spring-loaded vehicles and to ,Stiff* — to
the ten-fold — for stiff spring-loaded vehicles.

"Stabilizer factor": This factor indicates by how much the actual suspension roll stiff-
ness of the axes is greater than the one computable with the spring stiffness. Hence,
the stiffness of rolling motions is greater than the one of pitching motions by this

factor.

"Load capacity": Load capacity of the tires. If the wheel load exceeds this value, the
force, which the tire can transfer, cannot increase anymore. Based on a default
value, the value is automatically adapted if a new vehicle is loaded. The formula
applied is Allowed Weight * 3. This is equivalent to a 20% higher value than a quarter
of the maximum allowable weight, respectively if the value of the allowed weight is
0, then Weight * 3,75. Hence, the value exceeds one quarter of the weight force of
an empty vehicle by 50%. The calculated value needs to be adjusted for the specific
situation. Defective wheels or partially vented wheels can be taken into account here
(time-independent) or in the mask for simulation data “Tyre-condition factor” (time-

dependent).
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"LI" (Load index): Load capacity can also be calculated with the load index. It can

be read on the tyre.

"Skew angle maximum": Specifies the limit up to which the cornering force increases

with the slip angle of the wheel.

"Wheel positions": A shift of the wheel (potentially caused by collision) can be en-

tered here.

dx : Shift in longitudinal direction

dy : Shift in transversal direction

"Engine — drive train": You can choose between front, rear and 4WD drive train.

"Engine power": Is required for the acceleration calculation in the calculations sec-

tion concerning the driving dynamics.

"Motor braking factor": Multiplied with the engine power, this number serves to cal-
culate the motor delay without accelerating. Motor delay ends under 10 km/h. Set

this value to 0O, if the engine brake shall not be considered.
"Brake": Choose between Normal and ABS.

"Brake force distribution": Distributes the brake force among front and rear axle. The
four boxes need to add up to 1 and distribution needs to be equal on both side. The
calculation is then automatically updated. The distribution for two sections can be
set. Consequently, a break in the brake force distribution is created. The position of

the break can be defined with "zpreak".

"Diagram™: With this button, the brake  ee« o pisiouion-tvenice 11 x
force distribution diagram is loaded, with
which the brake force distribution can be
adjusted for the vehicle in question. The

same distribution is given to the left and to

the right, hence, it does not matter if the

values are inserted on the left or right side.

The sum of all 4 values equals 1 (100%). The parable complies with the perfect
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brake force distribution and depends on the retrodisplacement of the vehicle’s cen-

tre of gravity.

"Data for air- and rolling resistance": Here you can insert values for calculating the

air and rolling resistance.
"Draw traces":

"Show traces": With this selection, the wheels draw traces for which the defined

criteria are met. The traces are only calculated and depicted in the dynamics view.
"Show trajectories”: illustrates the wheel trajectories.
"Criteria for tracing": Traces are shown if:

The “Slip Limit” is undercut or the ,Skew Angle Factor® is exceeded, as well as if the

ratio “Wheel load/static wheel load” is smaller than the indicated value.

"Sensor position relative to C.G.": You can define a point of the vehicle for which

you would like to show various values in the driving dynamics.

"Impact point — Structural stiffness": The calculation of the impact point is based on

the ratio of the prescribed structural stiffness of the vehicles.

3.6.2.9 Trailer

It is possible to assign a trailer, a semi-trailer or a tandem to the vehicle. In the
Movie, the driving line is then depicted in accordance with a tractrix curve. No as-
sessment is conducted if this driving line is possible in terms of stability! The rear
axle is not steered! However, by indicating the pivot, an adequate effect can be
created.

In the kinematics, the actual driving line of the truck trailer respectively semi-trailer
will only correspond with the calculated ones in situations with low speed respec-
tively small lateral accelerations. The default data of the trailer has been predicated

on the vehicle type (car or truck).

Geometric data can be entered in the depicted sketch which features the trailer in

black and the towing vehicle in blue.
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For the module ,Serial collision®, the vehicle mass stated in the box ,Trailer mass
included” will be used as mass for further calculations. In the case of a serial colli-

sion, this will certainly be correct.

A general collision analysis considering the trailer is currently only possible in the
procedure ,Momentum backwards”. For the other methods, the mass of “Trailer

mass included” is used as vehicle mass.

If the push propulsion occurs in parallel to the vehicle, no relative movement takes
place between the towing vehicle and the trailer, hence, the general collision analy-
sis can also be applied in other procedures, given that the effective trailer mass is

inserted by the user.

Furthermore, you can also determine if the trailer has one or two axes or if the semi-
trailer is equipped with three axes. If the semi-trailer has three axes, the driving line

will be calculated in a way that the middle axis points to the centre of the curve.

"C.0. mass res.": Distance of the centre of mass from the geometrical centre of the
trailer respectively the semi-trailer in longitudinal direction. Positive value: Shift

backwards towards the rear. Negative value: Shift to the front.

"Pivot res.": Distance between the front side of the trailer and the point the vehicle

rotates about according to the Ackermann theorem.
In case the rear axle is steered, the pivot can be brought forward accordingly.

If two axes are activated, the pivot is assumed to be in the middle by default. Twin
tyres can be activated by ticking the appropriate box.

It is possible to add a second trailer to the existing one. For this purpose, check the

box in the mask and continue with ”>>" to further define the second trailer.
You can load a DXF as well as a 3D model for all types of trailer.

Under the button "Database” you can find an integrated trailer database.
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3.6.2.10 Import & Export

"Export": With this button, all parameters of the current vehicle are transferred to a

text file and can be saved.

“Import": Here you can import the text files again.

3.6.3 Simulation data

(Icon: S) Simulation data is used for the coasting analysis in forward calculation as
well as for general examinations with regards to driving dynamics. This window al-
lows you to specify time-dependent values. For time-independent values (like stiff-
ness, load capacity of the tires, etc.) use the mask ,Driving Dynamics“ which you

can enter via the input window for geometrical data.

In general, the first column indicates the time from which the values next to it shall
be valid. The first-time input is 0 and cannot be changed so that the starting condi-
tions respectively the initial values are specified. Only if a time different to O is stated
in the subsequent row, the values next to it will be used from the specified time on.

Simulation data (data depending on time) - [ Vehicle 1] - [m} X
Tyre-condition factor Steering Brake/Throttle (Pedal position %)
=0 Time | rearleft | front left | front ight| rear right Time (s) Steering Increase Tme (s) Brake Throttle | Buildup OK
1 [ oooo| 100 100 toof 100 [ o000 || ° 000 | G 0 0 0.00 Cancel
2 o000 100 100 100f 100 2| o000 | | ° 0,00 2| 0.000 0 0 0.00
Help
3 o000 100 100 100f 100 3[ o000 | | ° 0,00 3| 0.000 0 0 0.00
4 o000 100 100 100f 100 4| ooo0 | | ° 000 4] 0000 ° ° 000 1 ven T =]
5 0000 100 100 100 100 5 o000 | | 0 0,00 5| 0,000 0 0 000
6 0,000 0 0,00 6 0,000 0 0 0.00
Parfial brake force ‘ ‘
=0 Tme | rear left | front left | front right| rear right ?‘ 0,000 ‘ o 0,00 7| 0,000 0 0 0.00
! [ ooo0| o000 o000 o000| 000 8/ oo000 | | [ 0,00 8| 0000 0 0 0,00
2 o000 o000 o000 ooo| o000 9 ooo0 | | 0 0,00 9| 0,000 [] [ 0,00
Delete
3 o000 o000 o000 ooo| o000 10/ o000 | | [ 0,00 10 0,000 0 0 0,00
4
o000 o000 o000] 000 000 e -
a o ‘ — ‘ — ‘ — ‘ — Coll-induced wheel pos. offset (%) ap. acceleration at 50 km/h ’W
Friction ] D Cruise control ON
=M™ Tme | rear left | front left | front right} rear right 1
1 ‘ 0,000 ‘ 0,80 ‘ 0,80 ‘ 0,80 ‘ 0,80 Transfer data and calculate
0,000 0,80 0,80 0,80 0,80 - .
2 ‘ ‘ ‘ ‘ Driver model Limit of tyre model
3 0,000 ‘ 0,80 ‘ 0,80 ‘ 0,80 ‘ 0,80 O Course tracing inst. of entering ’ ‘ [ a5|2
4 0,000 ‘ 0,80 ‘ 0,80 ‘ 0,80 ‘ 0,80 steering max. roll angle:
i Fricti k lich I an
5 o000 o080 o8| o8| o080 o g e SIANG ON [T 40 g of Veh. 2

"Tire-condition factor": Carrying capacity is multiplied with this factor. The possible
value can range between 0 and 1. 0: No forces can be transmissed. 1. maximum

force transmission.
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"Partial brake force": This value allows to brake single wheels. The possible value
can range between 0 and 1. 0: Wheel can roll freely. 1: Wheel is blocked.

"Friction": Friction between wheel and road. This value is widely applicable, except
for a defined friction surface. In order to define a friction surface, a closed spine
needs to be drawn in the Movie monitor. Next, open its properties with a right-click

and define a friction surface that is particularly valid for this area.

"Steering": You need to insert the steering angle. Based on this input, the angle of
the front wheels are calculated by using the steering value. The result is then added
to wheel angle entered in this interval. With the time value “Increase”, you can de-
termine after how much time the stated steering angle shall be reached. The maxi-
mum steering angle amounts to 900°, the maximum steering angle velocity is set at
400°/s. Except of the beginning (Time 0), the steering angle velocity is limited by
this value, even if calculations would result in higher values. Except of the first row,

a value for the increase in steering shall be stated. The increase is linear.

"Coll.-induced wheel pos. Offset (°)": Torsion of a wheel caused by collision. On the
left side of the four input fields, you can find a number ranging between 1 and 10.
This number indicates the according interval. You can determine the interval by in-
serting time specifications in the section “Steering”. For example, if you click on the

third row in the section “Steering”, the interval of the wheel angle will switch to 3.

"Brake / Throttle“: Braking or Throttling can be indicated by defining the respective
pedal actuation in %. 0% means no actuation, 100% represents maximum actuation.
The brake buildup time can be stated as well; braking will start at the stated point of
time then. At the end of the buildup time, the defined percentage of pedal actuation

is reached. The increase occurs linearly.

"Ap. Acceleration at 50 km/h": For this box, an approximate value of acceleration is
calculated from the positions of the brake pedal and accelerator in in consideration
of the partial brake factor, air friction and rolling friction. A precise calculation cannot

be carried out directly, but in the section ,Driving Dynamics®.

"Course tracing inst. of entering steering": Instead of entering steering angle, you

can also specify a course. If this option is selected, a line leading away from the
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vehicle’s centre of gravity will be displayed in the simulation window. This line can
be edited analogously to the driving line (Spline). In the beginning, the spline should
preferably be directed to the vehicle, otherwise the vehicle would already start off
the movement with a side slip angle. Because of this reason, two further points are

set already shortly after the start of the course.

In the module ,Driving Dynamics®, it is also possible to import the spline of the
course tracing from the driving line of the kinematics. In order to do so, perform a
right-hand click on the vehicle or on the course and select “Import driving line” from
the pop-up menu. With “Reset driving line”, the default course (straight line from the

centre of gravity) can be reloaded.

The vehicle tries to follow the spline now by calculating the required steering angles.

The calculation method can be set via the driver's module.

"Driver model": Different methods are applied here, whereby certain limits may not
be exceeded.

"Max. Steering wheel angle": The angle up to the steering stop. Alternatively, the
“Max. steering degree” of the front wheel can be inserted. The suggested value is

calculated based on the minimal turning circle diameter.

B ' Path Tracing - [Veh. 1 ] — X
Driver model
Foresight fime 0,53:
Max. steering wheel angle 530 Degr max. steering 33 Degr
Max. steering vel. 500 Degree /s
Max. steering angle acc. 50000 Degree;
Steering corr. when deviating from course
Course angle 100 %
%Cross distance 4,0 Degrees /
Course curvature 10 Degree
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"Max. Steering vel.": Analogous to the previous point, you can also adjust the ,Max-
imum steering wheel angular speed®, with which the steering wheel can be turned,

as well as its alteration, the ,Maximum steering wheel angular acceleration®.

"Steering corr. When deviating from course®: Are required if the actual state deviates
from the target state, if a distance in cross direction exists and if the current curva-
ture deviates from the target curvature. The values are calculated as a forecast

based on the prediction time and considered accordingly.

Tip: It would be generally possible to calculate the course correction with each of
these three controls. However, it is preferable to combine all of them and keep the

steering correction within the individual requirements small.

"Course angle": Steering wheel correction in % from the course angle deviation. In
case the course angle deviates by 1°, the new steering angle will be changed by
...%.

"Cross distance": Per cm deviation in cross direction to the course, the steering an-
gle will change by the specified amount.

"Course curvature": Per 1 m/s2 deviation of the lateral acceleration, the steering an-

gle will change by the specified amount.

Tip: In order to verify if a course can be driven with a certain velocity, it is necessary

to change the 3 values and check which combination offers the best results.

"Cruise control ON": By using this function, the vehicle moves with the velocity spec-
ified in the Simulation data. This means, the roll resistance etc. is automatically cor-

rected by accelerating slightly.

“Limit of tire model": This input determines in which situation the tyre model is not
valid anymore, thus, when the tyre forces cannot be transferred anymore, for exam-
ple because the vehicle falls over. The movement of falling over depends on the
specified “Max. Roll angle®. If this value is exceeded, the vehicle slides over the
chassis and a friction value in percentage in comparison with the friction value of

the tyres is given.
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3.6.4 Distance —time data

This module represents the central input and calculation section for kinematics.

Distance-time data - [ Vehicle 1] : Matthias Schmidt

Person involved :
Caculation

X
oK
Name: (" Forwards (Beg.--> End)
Car: (® Backwards (End —> Beg.)

QD Gl

<]l 2 3 4 5 6 7 | >
Phase Al | | | | |
Final velocity 000 | 000 | o000 | 000 | 000| 000 000 km/h
Distance | 0,00 | 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 \ 0,00 m
Deceleration | 000 | 000 [ 000 [ 000 [ 000 | 000 000 m/s Calevlate
Time (interval) | 0,00 | 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 \ 0,00 s
Initial velocity | 0,00 | 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 \ 0,00 km/h
Tofal distance | 000 | 000 [ 000 [ 000 | 000 | 000 | 000 m
Total time | 0,00 | 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 \ 0,00 s
Position dist. \ 0,00 \ 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 | 0,00 | 0,00 m
Pasition fime \ 0,00 \ 0,00 | 0,00 | 0,00 \ 0,00 \ 0,00 | 0,00 | 0,00 s
/oom ‘ Init ‘ ‘ Copy ‘ ‘ Delete ‘ ‘ Column ‘ ‘ Diagram ‘ ‘ Load ‘ ‘ - | Veh. 2 ‘

The mask is intended for allocating the covered distance in movement phases. A
separate column is provided for each phase. The calculation is ALWAYS carried out

from left to right.

You can scroll horizontally by clicking the boxes [« and il; each click the mon-
itor proceeds by one phase. Ctrl + Click jumps 7 phases forward, Shift + Click jumps
20 phases forward, and Ctrl + Shift + Click jumps to the end or the beginning of the

phases.

3.6.4.1 Calculation forwards / backwards

In the upper right corner of the window, you can choose between a “forwards” and
a “backwards” calculation. This selection has NOTHING to do with the driving direc-

tion; in fact, it deals with the question whether it is a problem of begin or end values.
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"Forwards": Initial conditions are known, end conditions are to be investigated.
"Backwards": End conditions are known, initial conditions are to be investigated.

When switching between “Forwards” and “Backwards” you will realize that the input
fields of the movement phases will change too. At the same time, the values , Initial
velocity” and ,Final velocity“ shift their positions. Current blockings of fields remain

applied.

3.6.4.2 Input of phases

Every phase is described with the following values: ,Final velocity“ (Velocity at the
end of an phase, ve), "Distance” (s), "Deceleration” (Acceleration, a), "Time (inter-
val)" (t), "Initial velocity" (Velocity at the start of the, va). The final velocity and initial
velocity of subsequent phases always stays the same and is automatically equated

by the program.

Furthermore, the rows , Total distance® and ,Total time“ display the partial sums ac-
cordingly. The respective position can be changed in the relevant field, hence, the
position of the entire Time — distance curve is changed as well as all other positions
consequently.

Out of the 5 values Vg, s, a, t, va, 3 values need to be specified for braking and
accelerating, and 2 values for a constant velocity. Initially, only values different from
0 are accepted. Without phase input, the program attempts to analyse and conduct

an appropriate calculation based on the values given.

If only 2 are different from 0 and ve is one of them, a uniform movement is assumed,
given that a = 0; otherwise, an accelerated movement is assumed. If a <>0, a uni-
form movement cannot be forced with the input v=konst. If a is different from 0 and
a braking manouevre (a>0) is given, the final velocity is used as 0. If a is different
from O and an acceleration manouevre (a<0) is given, the initial velocity is used as
0.

Except from the first movement phase, ve is taken over from va of the previous
movement phase and, therefore, always given. ve can only be calculated in the very

left movement phase or if no data is available in the previous one.
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You can name the movement phase in the row ,Phase®. You can choose from:

Phase Description Effect on calcula-
tions?

' ‘ No phase selected -
‘Collision’ Collision phase -
'‘Brake' Braking phase v
'Accel.’ Acceleration phase v
'‘Buildup'’ Buildup phase v
'Reaction’ Reaction phase -
'Recog.’ Recognition phase (between seeing and reacting) | -

'v = const' Phase with constant velocity v
'Missing' Missing brake or vacate distance -
'Standstill’ Phase with stillstand -
'‘Change’ Reeving and pulling out -
'Coast' Coasting phase (after a collision) -
'Delta-V' Change of velocity without time need v
"Turn-in' Process of turning in -
'Skid' Skidding phase -
'‘Decel' Deceleration phase v

The input of descriptions primarily serves the printout. Certainly no calculations will
be based on it. However, under certain circumstances the selection can influence
the type of calculations. Given that the numerical input is adequate, the selection of
“v = const.”, ,Brake®, ,Accel.“ and ,Buildup® is taken into consideration. If considered
necessary, the adjustment of a phase leads to an initialization of the respective col-

umn.

If a phase is specified as ,Brake®, skid marks and braking lights can be illustrated,

for ,Decel.“ the activation of skid marks and braking lights is ineffective.

If you do not select a phase, i.e. leave the ,Phase” fields empty, the program exam-
ines autonomously if a braking, acceleration, buildup, collision, v=const., stillstand
or Delta-V phase can be identified. As the remaining phases cannot be identified by

the program, you need to adjust them yourself; the selection of the others can be
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left to the program. For example, if a turn-in manoeuvre or a lane change is calcu-
lated with the respective module, the phase is automatically labelled with ,Turn-in®
or ,Skid”. The selection of a certain phase is amended by the program if this partic-

ular phase cannot be present based on the existing numbers.

If “v=const.” is selected, deceleration is set to O and the field is blocked. At the same
time, velocity is take over from the previous field. If “Buildup” is chosen, the buildup
time predetermined in the Settings is inserted as time. The value can be changed
of course. At the same time, brake deceleration is taken over from the previous
phase if the deceleration there is stated to be <> 0.

The adjustment of the buildup phase has a special effect on calculations. With its
choice, the movement phase is mandatorily calculated as buildup phase and the
deceleration value of the previous phase (the neighbouring one with the next phase
number; chronologically before) is changed to Buildup. In case this phase is a col-
lision or Delta-V phase, it will be skipped and the acceleration value of the phase
before is accepted. If the initial velocity of the phase is 0, the buildup of the acceler-
ation value starts with 0. If the initial velocity is 0, there must have been a decelera-
tion before and an acceleration must follow. If the buildup would not start with 0, the
vehicle would drive backwards because of the braking before and would continue
this movement until the deceleration has decreased to 0. As such a behaviour is
obviously not desirable, it is automatically inhibited. The selection of a buildup phase
only influences the calculation result, if the values of acceleration differ between the

current and the previous column.

If another phase is selected, f.e. a braking phase, a buildup phase is certainly not
calculated; depending on the numerical input, either an acceleration or a brake or a

uniform movement is computed, whereas the choice of phases is corrected accord-
ingly.

If the phase is empty, the program takes into consideration the differing deceleration
value of the chronologically previous phase in order to determine whether a buildup
phase is induced and subsequently calculates it with the available data. If the chron-
ologically previous phase is a collision or Delta-V phase, it is skipped. This is to
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ensure that an average value of deceleration (acceleration) can be stated for the
collision phase without the need to join up a buildup phase in circuit.

A collision phase is assumed if the deceleration respectively acceleration is greater
than 12 m/s?, a Delta-V phase is assumed if the velocities differ and all other values
are greater than 0.

The phases ,Change® and ,Turn-in“ are created in the modules ,Lane change®,
,Overtaking“ and ,Turning procedure®, where the calculations necessary for the
Movie are carried out as well. If you label a phase as ,,Change” without having done
the appropriate calculations in the Module ,Lane Change®, the phase selection has
no influence on the driving line in the Movie and the driving line needs to be edited
separately. For example, if you have calculated a lane change, the respective phase
section will be labelled accordingly. However, you cannot name another phase with-
out such calculations in the same way. The phase “Skid” is used for the export of a

tracking in kinematics.

Tip 1: The specified (resp. Calculated) value of brake deceleration relates to the
value of brake deceleration at the end of the buildup phase. Therefore, please do

not state the average value in time, but its end value!

Tip 2: For the first input, set all values which have to be calculated to 0. These values
are seen as non-existent. Overdetermined values are calculated and overdeter-
mined as well. An overdetermination of equation systems is avoided. The following

hierarchy is applied: 1. Deceleration, 2. Distance, 3. Initial velocity, 4. Time.

Tip 3: The fields with the values which are to be calculated are blocked after the
calculation. This way, a great variety of calculations can be carried out in short time.
After having used the ,Calculate” button, incrementation will lead to an immediate

recalculation.

63




3.6.4.3 Calculate

You can either calculate every movement section separately or the entire input at
the end by clicking at the button “Calculate”. If no calculations succeed the edit of a
field, they can be done by exiting the input mask and clicking on OK or by choosing

“Diagram” in the mask, but not if the diagram is chosen via the symbols.

3.6.4.4 Init

If you wish to start a new entry with another input scheme, the column respectively
all columns can be newly initialised. This means, the blocking of fields is reversed
and you can insert a new data set. It is advisable to set all values which are to be

calculated to 0 afterwards.

3.6.4.5 Further hints

Because of their frequent usage, deceleration values are inserted as positive num-

bers. Thus, acceleration is entered with negative signs.

It is possible to select values based on the suggestions of the selection box. How-
ever, please note that these values require an expert examination and could be

subject to amendments.

3.6.4.6 Driving direction forwards / backwards

You can change the driving direction to backwards. In this case, the signs of the
velocities and the distance are negative. Deceleration values as well as acceleration
values need to be entered with reverse signs compared to a forward driving direc-

tion. Hence, all distance-dependent values receive a reverse sign.

Headway Backway
Deceleration Positive Negative
Acceleration negative Positive
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3.6.4.7 Transfer to the main data set
The program module , Time-Distance Data“ is the centre of the program.

All the data that is stated here at the initial call or after the calculation is also rec-
orded in the main data set, which represents the central data management in the
background. In order to ensure that the data here actually reflects the data from the

main data set, you need to either calculate or exit the mask with OK.

Therefore, the button ,Cancel is deliberately renounced in the program. The option
for an emergency exit is always given by closing the window with the button “X” on

the upper right corner.

If you select ,Transfer data“, i.e. tick the box (v'), all data is transferred to the main

data set after calculations.

3.6.4.8 Further operations

Copy Copies a data set including the data of the person involved in an accident
from one code to another.

Delete Deletes data, i.e. all values are set to 0. Either the current column or all

columns are erasable. If “All” is selected, the driving line is reset as well.

Column Undertake column operations:
"Remove column": Removes the current column in which the cursor is
placed.

"Insert column": Inserts an empty movement section in front of the current

one.
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3.7 Modules

You can transfer results from every module into the main input mask of the parties
involved in the accident. If necessary, you can also specify a movement section from

which on the values shall be inserted.

Tip: The data transfer into the time-distance data only works if a party involved in

the accident is defined and , Transfer data“ is selected.

A party is classified as defined, if you enter a corresponding code. If you do not want
to transfer all parties, insert a blank space instead of a vehicle number and the data

transfer will be omitted.

Only data recorded in the distance-time data - and, hence, also in the main data set

- can be saved, printed, illustrated with a graphic or used in the Movie.

3.7.1 Calc. Path —time

l’ M M [ i T . —
(Icon: M) In many cases, too few data is availa- | *'celculate Distance-Time:... X
ithi ; Vehicle T > [ =] | oK
ble within one movement section. As a result, the g S —
braking process has to be calculated as a com- | reactiontime: [ 100[ 100 [ her
.. . Buildup fime: 0'20| 0.20 5 -1 Transfer
posed movement. This is for example the case if | wiiveocry | 5000 000 gy - 910
. . . . Braking distance 12,42 | 0,00 my
the total distance (f.e. sight), the reaction time, the | ..., e TE[ om, | | Cocule
. . . - Deceleration: 7.00—= 0,00 rp/s?
deceleration and the final velocity (f.e. collisionve- | =~ = U_WH 699 ooy |
locity) are given Total dist: 204 00 || Delete
y g ' Total time: 3,08 0,00 ¢ Column
Braking + buildup |5'|5| 0.00 m | Extra
This program part is now the right choice for you. | msngdsionce: [ 000[ 000 m [ gropnics

Moreover, it is also intended to help you with cases where you have to switch be-
tween the different vehicles a lot and wish to make some adjustments (f.e. of the
reaction time or of the sum of distances to the sight); or, for example, when you
would like to calculate the stopping distance. The three separate movement sections
“Reaction phase — Buildup phase — Braking phase” are combined into one in this

case.
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After the input of the data, the unknown values are determined and allocated to the
separate movement sections. 4 out of 8 values Ve, va, a, R, ts, S, tges UNd Sges have

to be available.

Values set to O are considered and calculated as non-existent. Overdetermined val-
ues are calculated as well in order to avoid an overdetermination of the equation

system.

The selection is similar to the Distance-Time Data, whereas the sequence is pre-
sented in order of highest priority to lowest: tr, @, Vva, Ve, SB, IR, Sges, tges. Apart
from the missing data, the program also calculates the missing distance, which rep-

resents the distance that is missing to the vehicle’s total standstill.

The scheme of the first entry is recorded for each column separately so that the
values to be calculated do not have to be set to 0 if one input value is amended.
This way, a great amount of versions can be calculated in short time. Additionally to
the already mentioned values, the sum of braking distance and brake buildup dis-

tance (brake distance + buildup distance) and the missing distance is calculated.

"Init": If you wish to start a new entry with a new input scheme, click ,Init* to initialise
the respective column. For new calculations, the program will then determine anew

which values are given.

"Extra": Position the cursor in a velocity field to calculate the threshold speed of
curves. If the cursor is located in an acceleration field, the acceleration can be cal-
culated depending on the road’s gradient. By calculating values, they will automati-
cally be transferred to the according field. The transfer into the respective field takes

place with the calculation.

"Column": Adjust the number of calculation columns, i.e. simultaneously depicted

vehicles, here. The maximum number is 4.
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3.7.2 React — Brake

(Icon: RB) In this module, partial braking distances can be calculated. Moreover, it
is possible to take a deceleration or acceleration during the reaction phase into ac-

count. You can choose between 5 different calculation versions, however, either the

initial or the final velocity needs to be available in any case.

The following calculations can be conducted (available, calculated):

Version | Initial velocity Final velocity Total distance Braking distance
1 - VE SGes i

2 Va i SGes o

3 Va VE - -

4 Va - - S

5 - VE - S

3.7.3 Drive off — Brake

(Icon: ﬁi) These driving manoeuvres are composed of up to 5 different movement
sections: Buildup phase — Acceleration — Constant velocity — Buildup phase — Brak-

ing phase
In this module you can calculate the following points:

1.) How much time is needed to accelerate from a specified initial velocity on a
specified distance first and slow down to a specified final velocity next, whereby the

point of reaction is calculated?
2.) Which distance is required for a specified point of reaction?

You can choose between the driving direction forwards and backwards. If back-

wards is chosen, the algebraic signs are reversed during the data transfer.
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A car passes the stop line with 5 km/h and accelerates with approximately 2 m/s2.
Due to an emerging hazard (f.e. cross traffic coming from the left), the driver reacts
with an emergency braking (7 m/s2). Nevertheless, the car collides 12 m after the

stop line with a collision velocity of 15 km/h.

Question: How long did it take the car to drive the 12 m, which velocity was
achieved? Where and when did the driver react respectively should he have reacted

to stop in time?

SO'UtIOﬂ Based on the |n|t|a| VeIOC- [, Drive off - Brake : Matthias Schmidt - X
. . . - Vehicle: |1 w| Starting \1 ﬂ oK
Ity, flnal VelOCIty’ acceleratlon1 de- Initial velocity: mkm;‘h Reaction fime: ’W H Concel
celeration, total distance and time | 7P SR EEEE o 00

. . . Period with const. vel.: ’w s Final velocity: ’T,DB km/h
perIOd Of ConStant Ve|OCIty’ the tlme Velocity limit: mkrm‘h Total dist.: ’W m
needed for the distance of 12 m is | oecion @ Ovokn 701" e | g

Caleulated hazard recognifion point

calculated to be 2,91 seconds. | Fesionofreacion| 422 mafier diving off 7.78 m bef. end

| Calculate
Point of fime of I 1.47 5 after driving off or 1,44 5 pef. end

Hence’ a phase Wlth Constant VelOC_ Achieved speed: | 22,97 km/h (at the end of the reaction phase)

Spatial reflection of avoidance

Ity |S not glven. Transter data to vehicle: [ =]

Pt. of hazard recognition: ® necessary Q possible

Pos. of reaction: ’W m after drive-off 8.41 m bef. end
Independent Of the extent tO WhICh Point of reacfion 1.32 s affer drive-off 1.99 s bef. end

Total distance: I 12,00 m Total time: 3.31 5 Delete
a phase with constant velocity iS €n- | creveaspeed [ 2187 ki ofterthe eaction phase) Grapnic

tered, the beginning of the reaction time, in any case the reaction period, takes place
before the beginning of the buildup phase. For example, if the time period of con-
stant velocity is smaller than the reaction period, then the beginning still occurs

within the acceleration phase, otherwise within the phase of the constant velocity.

Tip: Perhaps the reaction point takes place during the buildup phase. This causes
the problem that a phase can only be calculated as a buildup phase if it is declared
as such. Hence, the part of the buildup phase overlapping with the reaction point
cannot be identified as reaction phase. As a consequence, the period called reaction

phase is reduced by the section that is located within the buildup phase. As the

69




buildup phase is very short anyway, the division into two sections appears unnec-
essary and was, therefore, not conducted. In case it should be necessary, the divi-

sion can be done afterwards in the distance — time data mask by hand.

"Spatial reflection of avoidance™:

"Possible point of hazard recognition": The point in which the hazard could have
been recognized. The distance needed for stillstand is calculated, if the driver would
have reacted at this point. If O is inserted as “Possible point of hazard recognition”,
the buildup time is not considered in the beginning, but a reaction is assumed im-

mediately at this point.

"Necessary point of hazard recognition”: Calculates the point in which the driver
should have reacted at the latest to ensure a standstill at the end of the specified

distance.

Tip: The necessary point of reaction could precede the beginning of the distance. In
this case, the following alert appears: ,Necessary point of hazard recognition would

be too early. Distance till sandstill will be calculated

If the point of hazard recognition is set to ,Possible”, the input fields of the reaction
point become accessible. Then the distance up to the vehicle’s standstill is calcu-
lated in forward calculation, using the point of reaction, the initial velocity, the accel-

eration, the duration of the reaction and the buildup time.

You can also use the module ,Drive off — brake® to calculate the distance (stopping
distance) with acceleration or braking during the reaction phase. For this purpose,
enter 0 as a ,Total Distance®. The beginning of the reaction phase is then transferred

to the starting point of the distance. The buildup phase is set to 0 at the beginning.

In the respective section of the hazard point, braking continues until the vehicle’s

standstill, thus, the difference in distance is equivalent to the missing distance.

If the cursor is positioned in the input section of the ,Spatial reflection of avoidance®,
the deleting function only applies for this part. In all other areas, it will extensively

erase the input.
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3.7.4 Lane change

(|CO|’1. /‘) Calculates the dlS- B ' Lane Change : Matthias Schmidt — e
tance and time necessary for a | " W= fomerecll <] L o
‘ _—"" T~ | konst. vel. at Beginning O End @ Cancel
|ane Change An Obllque Slnus Curve radius: 0,00 m Starting phase: @ forw. Q backw. Help
tot. lateral shift: 0,00 m Lateral acceleration: 0,00 /52
line serves as a modeL hence1 Init. velocity: [ 000 km/h  Acceleration: 0,00 /s [ Tanster
speed limit [ 000 km/h 1t (v0 const] 0,00 ¢ data
the vehicle’s centre drives Final velocily: 0.00 km/n
Path:[ 0,00 m  Time 0,00 s max. yaw angle: 0,00 °

along a sinus curve which is ro-

Required space: 0,00 m Difference to dist: 0,00

tated in a way that the tangents | wapeston

Calculate

Front: 0.50 m Path: 0,00 m Time 0,00 ¢ Delete
m

at the beginning and the end Rear: [7000 m  Yaw angle: 000 « [ Gropnic

are horizontal and have a distance equal to the specified side distance. The middle

between the wheelbase and the width serves as a vehicle centre.

—— = |: With this switch you can adjust the driving line for the Movie to a

lane change to the left or to the right.

Tip: Only the sections beginning with the one you have specified are transferred into
this module, the others are deleted. Therefore, it might be necessary to match the
initial and final velocity of neighbouring sections with each other. An appropriate
calculation can be carried out in the main data mask. In case the program deems

this procedure necessary, a notification will be displayed.

Two calculation versions are possible: You can either set a velocity limit for the initial

velocity or for the final velocity.

"Beginning": If the final velocity is stated, the initial velocity will be calculated. If a
velocity limit different from 0 is entered, it will result in an acceleration (respectively
breaking) with this velocity, given that the calculated initial velocity exceeds the ve-
locity limit. The vehicle drives with constant velocity first (value equal to the velocity
limit) and accelerates resp. brakes then until the specified final velocity at the end

of the lane change is reached.

"End": If the initial velocity is given, the final velocity is calculated. If the specified
velocity limit differs from 0, the vehicle will accelerate (resp. brake) until this velocity
is reached. Afterwards, the vehicle continues driving with constant velocity until the

end of the lane change.
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It would constitute a problem, if a vehicle comes to a standstill during braking, alt-
hough the lane change is not completed yet. In this case, a message informs you
that the missing distance is added at the beginning. The distance is covered with

constant velocity (initial velocity).

"Curve radius": For straight road courses, i.e. with parallel driving lines before and
after the lane change, the curve radius is set to 0, otherwise the curve radius of the
original driving line is entered. The lane change is then approximatively calculated.
However, the driving line in the Movie is drawn without a curve and has to be cor-

rected manually.
"Total sideways offset": Offset the vehicle shall perform during the lane change.

"Lateral acceleration": Maximum cross acceleration of the vehicle’s centre during
the lane change. The higher this value, the faster the lane change is performed. The
maximum is reached at the point of the sinus curve at which the radius of curvature
is the smallest, i.e. after ¥4 or % of the total distance. During accelerations, the max-
imum is achieved after % otherwise after ¥4. Only for a punctiform vehicle the value

would be exactly correct. For real vehicles, the actual value is a little bit smaller.
"Initial velocity": Velocity at the beginning of the lane change.

"Acceleration": Accelerations have to be entered with positive signs, decelerations

with negative signs.

"Final velocity": Velocity at the end of the lane change.
"Dist.": covered distance.

"Time": required time.

"Max. Yaw angle": Maximum position of vehicle incline.
"Space required": Horizontal projection of the distance.

"Diff. To distance": Difference between the covered distance and the space re-

quired.

"Mid position": Calculates when and after which distance the front of the vehicle has

reached a certain offset. The default setting is 0.5 m. With this, you can, for example,
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calculate the time of distinctiveness. It needs to be considered that the sinus curve
as well as its intersection with the parallel line of the original driving line are very flat.

Even light deviations change the result significantly. Hence, it is recommendable to

indicate a solution range instead of one single value.

3.7.5 Turning procedure

(ICon _") W|th th|S mOdule, you B ' Turning process : Matthias Schmidt - X
can calculate the distance and time | "~ =l femetee || =] =
. Starting phase: @ left € right Direction: @ forw.  backs Sonee!
needed to reaCh a certain ya-W an- Inifial radius: [000 m Inifial velocity: [ 000 km/n il
) Final 283): [ 0,00 m Acceleration: [ 000 mys
gle or you can determine the yaw | sccogime oo s veeonim | owwwn
) . ) ) Steering wheel > 0 ° Path: [o00m I data
angle if the distance is given. maxyowange [ G °  Time 5%«
reached yaw angle | 00 ° Final velocity: [ 000 km/n
n . H n, _ reached max. ‘ 0.00 m ) Front: | 0,00 m
Turn: left / right": Serves the calcu- |~ =" —— R R —
lation of the driving line in the | **™9° s Coleuiate
i pestion Front: ‘ 0,50 m Path: 0,00 m Tme: 0,00 s
Movie. Depending on your choice, | %= 5 Gea [ c@m | 005 et

Yaw angle:

o

Graphic

the driving line curves to the left or
to the right.

"Starting radius": Radius at the beginning of a turning procedure. Set the value to O,
if the turning procedure is initiated from a straight driving line. The radius relates to

the inner rear wheel, respectively the vehicle’s exterior on a level with the rear axle.

"Fin. radius [ ]": Desired final radius. The value in brackets indicates the minimum
value, which is calculated based on the diameter of the turning circle. If the initial
radius is set to be smaller than the final radius, the steering is turned back during
the process. You can install several steering operations after each other. The driving
line is calculated automatically. Take care that possible driving conditions like the
rotation speed of the steering wheel or the lateral acceleration are not exceeded.

Radii refer to the inner rear wheel!
"Steering time": Time required for steering.

"Steering angle": Angle the steering wheel has to be rotated about. The calculated

value refers to the steering ratio specified in the geometrical data.
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"Max. angle": Yaw angle to be reached at the end of the turning procedure. If the
specified value is different from 0, the distance needed to reach this angle is calcu-
lated. Alternatively to the yaw angle, you can also enter the distance. In this case,
the yaw angle reached at the end of the distance is calculated. In either case, the

field of the calculated value is blocked. Insert O to release the alternative field again.

"Reached angle": Actually reached value. Under certain conditions the distance
might be too small to reach the desired values. Next to time and final velocity, the

total sideways offset of front and rear are calculated as well.

"Max. Lateral acceleration": Maximum lateral acceleration reached. The calculated
value of the lateral acceleration refers to the vehicle’s centre (to the midst of the
wheelbase, precisely). The lateral acceleration on the wheels deviates a little bit

from this value.

"Slip angle": Slip angle at the end of the turning procedure. The value is transferred
to the collision analysis when opening the mask.

“Initial velocity": If the initial velocity and the acceleration are set to 0, the value of

the final velocity is copied to the initial velocity.

"Mid position": You can examine when and after which distance the vehicle has

reached a certain sideways offset. The default setting is 0.5 m.

Only the sections beginning with the one you have specified are transferred into this
module, the others are deleted. Therefore, it might be necessary to match the initial
and final velocity of neighbouring sections with each other. An appropriate calcula-
tion can be carried out in the main data mask. In case the program deems this pro-
cedure necessary, a notification will be displayed.

In case the turning procedure is calculated as the phase before the collision (trans-
ferred to section 4, if the collision shall take place in section 3) and the collision
analysis is loaded afterwards, the slip angle and the yaw speed are automatically

accepted.

If the vehicle grinds to a halt before the yaw angle is reached, you can add a phase

of constant velocity in front.
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If the vehicle already moves straight ahead before the yaw angle is reached, you
can add a phase of constant steering angle in front (initial radius).

A turning procedure in reverse driving with a subsequent movement forward is pos-

sible.

Turning into a collision: The driving line is directed to the collision point. Velocity,
slip angle and yaw angle are automatically imported to calculate the collision includ-

ing the simulation.

3.7.6 Avoidance

(Icon: =) This module conducts calculations of avoidance. Subsequent to a calcu-

lation in another module, you can examine the avoidance of an accident here.

The first field ,,For vehicle® specifies for which vehicle an avoidance calculation shall

be conducted (default setting 1), i.e. the data of which vehicle shall be transferred

into the mask.

B ' Calculation of Avoidance : Matthias Schmidt - X
For vehicle: ' No. of phases before the collision: hd OK
In ,No. Of phases before the
” p Actual initial velocity: 0,00 km/h  Final velocity: 0.00 km/h Cancel
. 113 H Data for avoidance Help
collision®, insert the amount of | 7752 [F =] broke deceloraton: 000 s
L. . Allowed inifial velocity: 0,00 km/h  Final velocity 0,00 km/h
phases before the collision in | sceeaion %0 m/e  peacton | Path 000 m
Tolerable reaction time: 1,00 5 Colision * fme: 0,00 5 ) !’g;‘gfﬁr
which the position is located at | suawpime [ oz
Opponent: o o
1 1 1 shicle - > 4 - @ spatial
the time of the beginning of the | vee 2 =1 adgnaioven [4 =1 svodance: 8

Driving direction: @ fowards QO across O same direciion

reaction. The resultant distance

Collision velocity: ‘ 0.00 km/h Deceleration: 0,00 s

. . . Missing braking dist.: m m
and time are inserted in the

Possibilities for avoidance:

fields ,Reaction — Collision”: | o veen [0 kv || ® raiorvoren
) Path: [om0m avoiding
,,DiSt.“ And ,,Time“. Reaction point: . ’W s 8 2.4c|:‘<'vefhr:<:iﬂifT i Delete
Deceleration: m m/s* (o] [:;C;I’E’,;E:_"O Graphics

When you open the module or initialise a vehicle, the program automatically
searches for a collision phase (if not existent after a Delta-V phase) and a reaction
phase. The number of sections prior to the collision corresponds with the difference
of the respective columns. For example, column 2 is the collision phase, column 3
is the braking phase, column 4 is the buildup phase and column 5 is the reaction

phase. Hence, the number of sections prior to the collisionis 5 -2 = 3.
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If no collision phase or Delta-V phase is labelled, the selection of the ,Avoidance®
module prompts a popup window, asking if you want zero as point of collision or if
you want to use the end of the curve in the Distance — Time diagram. If you choose
zero as point of collision, the coordinates from the zero point from the Distance —
Time diagram are used as a reaction point. They are the same values which you
can also find in the main data set as “Position Distance and Time” for the reaction
point. The meaning of the number of sections corresponds with the section number
then. In order to conduct a valid avoidance calculation, the collision point must be

located in the zero point, i.e. the Distance — Time curve must cross the zero point.

If no reaction phase is defined, the number of sections before the collision is prede-
termined to 3. The reaction point is calculated from the distance the time needed

during these sections.

"Transfer to veh.": Choose the code of the party involved to which the data of the

avoidance calculation shall be transferred.

"Acceleration”: If a value different from 0 is entered, the algebraic sign determines
whether an acceleration (positive value) or a deceleration (negative value) takes

place during the reaction.

"Other party involved in the accident": Enter the code of the other party involved

here.

"Adding to veh.": Enter the code of the party involved to which you would like to copy
the data set without collision, but with coasting phase. Given that the collision speed
of the other party involved in the accident is different from 0, the vehicle would move
beyond the collision point in case of an avoided collision (Missing distance or clear-
ing distance). If this distance shall be illustrated, the data of the other party before
the collision is transferred to a separate vehicle number and supplemented by a

missing distance respectively clearing distance.

Tip: When opening the “Avoidance” module, default data is loaded. A further data
transfer is only triggered if the analysed vehicle is changed. This mechanism inhibits

that accidentally moving into the fields overwrites the manually inserted data.
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"Actual initial and final velocity": Are related to the vehicle for which the avoidance
calculations are conducted. If no data is imported from the first field (i.e. no data is
available there), you can also conduct a calculation for vehicle 1 simultaneously with
the avoidance calculation. The initial velocity can be specified, further data (reaction
period, buildup period and deceleration) is used from vehicle 3, plus, the distance
reaction and collision is applied.

In case the data is only transferred from the first field (or in case data is already
available after a calculation), the field “Initial velocity” in the second row is blocked
and a change of data only affects vehicle 3; the data of vehicle 1 remains un-

changed.

If no data was transferred and no calculations were conducted, no data is available
in vehicle 1. In this case, a composite movement is assumed, i.e. the reaction dis-
tance is covered first, followed by the buildup distance and the braking distance,
provided that the information given allows these assumptions. In case the stated
distance or time is too big, an early standstill (i.e. collision speed decreases to 0) is
the result. Thus, the input is automatically adjusted to the greatest possible value. If
no data in vehicle 1 is available yet, the reaction place and time for vehicle 1 is
calculated first, using a composite movement. After the first calculations, when there
is data of vehicle 1 available for sure, the input is only valid for vehicle 3 and can,
for example, be used to examine which effects the shift of the reaction place has.

"Reaction — Collision: Distance, Time": Here you can change transferred data. “Dis-
tance” and “Time” are related to the collision point. If the distance is amended, the
corresponding time is calculated in the other field (and vice versa). If the distance
exceeds the one prior to the collision which can be found in the Distance — Time
diagram (i.e. the point is located before the beginning of the curve), its coordinates
are calculated from the curve’s elongation in backwards direction. A potentially given
deceleration or acceleration at the beginning of the curve is taken into consideration

during calculations.

Simultaneously to calculations, the driving line of vehicle 1 is copied and used for
vehicle 3. If the beginning of the curve of vehicle 1 starts earlier than the one of

vehicle 3, a phase with constant velocity is positioned before. This phase is exactly
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as long as the one of vehicle 1, which is a necessary condition for synchronizing the

driving line.

You can select between three types of traffic: ,Towards®, ,Across“ and in the ,Same

direction” as the collision partner.

"Towards": This option takes into consideration that for a collision avoidance the end
positions are reached at a later point in time, hence, because of the approaching of

the collision partner, the distance is shortened by this partner’s missing distance.

"Across": You can choose whether the calculation shall be conducted for a spatial
or temporal avoidance. Obviously, this choice is only available for crossing situa-

tions.
"Same Direction": The available distance is elongated.

"Missing braking distance": States the distance vehicle 2 would have to cover to get
out of vehicle 1’s driving channel. The missing braking distance is needed for the
temporal analysis of collision avoidance. For the spatial collision avoidance and the
traffic direction ,,Across®, the program examines if a time-based collision avoidance
would have occurred in the case of the permissible maximum speed (Transfer op-
tion: Initial velocity). It is possible that the vehicle driving with the permissible maxi-
mum speed could not stop until the collision point, but the other vehicle would have
been able to get out of vehicle 1’s driving channel in the meanwhile due to its later

arrival.

"Point of disappearance": Indicates where vehicle 2 gets out of vehicle 1’s driving
channel. A positive input means that vehicle 1 has more distance available, a neg-
ative value means proportionally less distance. The “Point of disappearance” repre-
sents the lateral deviation of the clearing distance, i.e. the component of the clearing

distance that is parallel to vehicle 1’s driving channel.

Vehicles driving across each other’s or in the same direction can decelerate or ac-
celerate. If they drive across each other, the missing clearing distance may not be

smaller than the missing braking distances in case of a temporal avoidance.
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Tip: When analysing ,temporal avoidance®, you could face the problem that the last
point of vehicle 2 leaving vehicle 1’s driving channel is located on the averted side.
This could be the case if vehicle 2 aims to leave the driving channel diagonally to
the right and vehicle 1 crashes against the right side of vehicle 2. The last point
leaving vehicle 1’s driving channel would have been the left rear corner. If the point
of disappearance and missing clearing distance shall now be determined, vehicle 1
would reach the point of disappearance at a time when vehicle 2 would have already
left it, but before that vehicle 1 would penetrate vehicle 2; i.e. a collision would take
place. The mathematical effect could be avoided by neglecting the vehicle’s width.
The solution is to assume a smaller point of disappearance. It is advisable to use
the point of disappearance of the vehicle’s centre or, even better, of the right rear

corner; however, the missing clearing distance must relate to the left rear corner.

If movement sections before the reaction point are available for vehicle 1, a move-
ment section with the same duration before the reaction is positioned for vehicle 3
(which receives the data of the avoidance) as well. A movement section with con-
stant velocity is assumed so that vehicle 3 drives off at the same time as vehicle 1.

If this assumption is not desired, you can either delete or adjust the section.

Based on the initial velocity, the (spatial or temporal) point of reaction, the reaction
time, the buildup time and the potential deceleration, the values for the accident

avoidance are computed:

The initial velocity with the permissible ,Initial velocity®, the ,avoiding max velocity*,
the ,avoiding point of reaction“ (at which a reaction would have been essential to
avoid a collision) and the ,avoiding deceleration“. You can choose the various op-
tions one after the other and analyse them in the diagrams and the Movie after-

wards.

3.7.7 Overtaking

(Icon: ff/ﬁ) This module allows you to calculate the process of overtaking. As indi-
cated on the sketch, the distances and lengths of the vehicles have to be inserted.
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In order to consider the ,Street

Cou rse“’ Choose between Steet course @ Straight O Left O Right
e
,Straight“, curve to the ,Left* and i :
L B
curve to the ,Right‘, whereas a =& Cipos

curve radius has to be specified
for the two latter options. The cal-
culation is then approximated in a

way that the distance of the vehi-

B Overtaking : Matthias Schmidt
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Cancel
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cle that is being overtaken | "

changes according to the different arc length.

Each of the two vehicles can accelerate from a specified initial velocity to a specified
velocity limit and brake down to another specified velocity again. In case the stated
velocity limit is not achieved, it is ignored.

The final velocity can only be entered if a deceleration different from 0 is given (neg-
ative value means acceleration), the velocity limit can only be entered if an acceler-
ation different from O is given (negative value means deceleration). The calculation
is conducted in a way that the final velocity is just reached at the end of the overtak-

ing process.

Conversely, the braking can only be stated in combination with a final velocity. How-
ever, you can let the vehicle brake without stating a final velocity, if you insert a
negative value as acceleration. In this case the vehicle brakes immediately and until
the overtaking process is finished. If you let the vehicle brake using the field ,Decel-
eration®, the vehicle moves with the value stated for acceleration (no matter if equal
0 or unequal 0) and starts braking on time, so that the final velocity is reached at the
end of the braking process. In order to find a clear solution, the final velocity has to

be stated.

Calculation variants:

ve 2 + 1 -1==1-1=+=1-1==1-1=1-1=+=1-1=1-1=1-
VO 2 + 1 &5l +151 - g g -lFlElFLE] - . - -
ve 1 + 1 & - -l x1 =+ - -l HFLE] - -l HlLE] - -
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vorl+1+1+1+=1+1+1+1+1-1-1-1-1-1-1-1-

The variants are read in columns.

ve2 Final velocity of the party overtaking the other
vo2 Velocity limit of the party overtaking the other
vel Final velocity of the party overtaken

vol2 Velocity limit of the party overtaken

+ Value is given

- Value is not given

The velocity limit is only assumed as given, if the acceleration is available as well.
The initial velocity has to be stated for both vehicles. If a velocity limit or final velocity
shall not be considered, their values have to be set to 0. As usual, the program will

assume that the values are not given.

The program automatically checks if the initial and final distance are big enough. In
case a too small value is entered, it is increased to the minimum value. The control
mechanism only works if the lateral accelerations for the sheer-out and sheer-in
process as well as the respective sideways offset and the lateral distance of the
vehicles during overtaking are stated. At the same time, the route is corrected, i.e.
the route of the vehicle overtaking the other runs in an arched shape during the
sheer-out and sheer-in process and is projected on the street course. The sheer-in
and sheer-out process is computed along a diagonal sinus-line. The specified lateral
accelerations are related to the smallest driven curve radius. The current velocity at
this time is calculated and taken into consideration as well.

Additionally, you can also examine potential oncoming traffic. The oncoming traffic
does not influence the calculations of the overtaking distance, it only computes the
distance covered by the oncoming traffic in the period of overtaking, except if the
vehicle grinds to a halt earlier. If this is the case, you are prompted to decide whether
you would like to insert a distance with constant velocity at the beginning or a stand-

still at the end of the process. For both variants, the total time of the oncoming traffic
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is equal to the one of the other two vehicles. However, you can also choose no insert
no additional phase at all.

In the event of a collision, it is recommendable to shift the curve of the oncoming
traffic so that the current velocities corresponds with the collision velocities in the
curve’s intersection with vehicle 2. Then you can immediately recognize when the
reaction took place with regards to the overtaking manoeuvre and how big the dis-

tance to the oncoming traffic was at the starting point of the overtaking manoeuvre.

In the basic setting of the Time — Distance diagram, the end point of the curve is
located within the coordinate origin. If the curve is shifted, the program will ask you
in the next calculations if the curve shall be shifted to zero; if this is affirmed, the
basic setting is restored; if it is denied, the end point of the curve remains and if at
all, a phase is inserted at the beginning.

Generally, the acceleration in the acceleration field has to be entered with positive
signs, and the deceleration in the deceleration field as well.

"DT-Data": The Distance — Time Data ,Acceleration distance” (Distance with con-
stant velocity and the braking distance respectively the analogous times) can be

viewed when pressing the button ,DT-Data“.

"Cancel overtaking": Opens the input mask to calculate the cancellation of an over-

taking process.

3.7.7.1 Cancel of overtaking

With this module you can examine if the cancellation of an overtaking procedure
would have been possible in time. Furthermore, you can determine the minimum

sight dependent on the time.
The time of cancellation has to be defined, using one of the following options:

"Cancelling distance: front - front": Distance between the overtaking party and the

overtaken party.

"Cancel after": States the time period from the beginning of the overtaking until the

beginning of the cancellation.
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"Point in time": Corresponds With | # cancel Overtaking Procedure : Matthias Schmidt - X

h I H H h - Cancel-o. B ~| overaken: |1 ¥ Oncoming | oK
the elapsed time in the Movie. Goncolinc, o a8 m o =
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defined beginning of the cancella-

Min. sight Graphic

tion. It is not necessary to mathe-
matically capture the reaction phase, as the original action, i.e. the process of over-
taking, is continued in the same way. Only after the reaction time, the behaviour

changes, hence, the calculation reinstates at this time.

"Deceleration before sheering back": Starting with the beginning of the cancellation,
the vehicle decelerates by the specified value until the point at which the phase of
sheering back starts. From now on you can continue calculating with another decel-
eration (also with an acceleration). If the deceleration is O before sheering back, the
process of sheering back starts simultaneously with the cancellation. In case the
distance during sheering back is different from the distance at the cancellation be-
ginning, the value is automatically amended. The program automatically controls if
sheering back is feasible, also if deceleration is 0. However, a correction to the min-
imal distance cannot be conducted. To be on the safe side, it is recommendable to
insert a deceleration before the process of sheering back, even if sheering back and

the cancellation of overtaking shall occur simultaneously.

"Sheer back distance: Front - front": The time at which the vehicle starts to sheer

back is specified by the value between the vehicles.

Possible situations:

The distance at the time of sheering back is greater than at the beginning of the

cancellation: The vehicles brakes with the deceleration at the beginning of the can-
cellation, until the distance at the time of sheering back is reached. Due to the ve-

locity surplus of the overtaking vehicle, the distance between the vehicles decreases
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until the velocity of the vehicle overtaking is smaller than the one of the vehicle being
overtaken. Only now the distance between the vehicles can increase to the specified

value again.

The distance at the time of sheering back is equal with the distance at the beginning

of the cancellation: The program examines if an immediate sheering back manoeu-

vre is possible without collision. If yes, the manoeuvre is conducted; if no, the vehicle
brakes first, the distance between the vehicles initially decreases and then increases

to the original value again. Afterwards the process of sheering back begins.

The distance at the time of sheering back is smaller than the distance at the begin-

ning of the cancellation: The vehicle breaks with the deceleration at the beginning

of the cancellation until the distance at the time of sheering back is reached. Next,
the program examines if an immediate sheering back manoeuvre is possible without
collision. If yes, the manoeuvre is conducted; if no, the vehicle continues braking,
the distance between the vehicles initially decreases and then increases to the spec-
ified value again, followed by the process of sheering back. The program automati-
cally checks if a contactless sheering back is possible with the distance given. If
necessary, the value is increased to the required minimum (after an appropriate
warning). However, the distance can only be corrected if a deceleration before
sheering back was stated as well. The distance between the vehicles at the time of
sheering back can also be enlarged if this value is not reached at all, because the
velocity of the vehicle overtaking becomes equal to the one being overtaken, and
the vehicle overtaking already reverts. Possibly, the sheering back process can also
begin at a point at which the overtaking vehicle is positioned before the rear of the
vehicle overtaken, i.e. at a point at which the distance is smaller than the vehicle

length.

Summary: If the distance at the time of the cancellation of the overtaking manoeu-
vre is smaller than or equal to the distance at the time of sheering back (steering
back), the process of sheering back is mathematically attempted immediately at the
point of sheering back. If it is possible without a collision, the vehicle brakes first, i.e.

the vehicle overtaking moves beyond the point of sheering back with the brakes
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applied and further along the vehicle being overtaken. Afterwards, the vehicle re-
verts and reaches the specified point of sheering back for a second time. This time,
the process of sheering back is attempted. If it is again not possible without collision,
the specified distance between the vehicles is increased until it becomes possible.
Then the user needs to assess the real-life feasibility of such a manoeuvre and to
further enlarge the distance if necessary. The distance between the vehicles is only
enlarged if still necessary after reverting. The possibility of a collision-free sheering
back process is automatically controlled until its completion. In cases with an early
cancellation of overtaking, the process of sheering back can be completed early and
the velocity of the vehicle overtaking can still be larger than the one of the vehicle
being overtaken. Maintaining the same deceleration as during the sheering back
process could possibly cause a rear-end collision. As it is possible that the vehicle
brakes more intensively after sheering back respectively towards the end, when the
lateral acceleration is already O or small, an examination cannot be conducted au-

tomatically, but has to be performed by the user manually.

"Side-shift": Insert the sideways offset while sheering in here.

Cancellation and sheering back during sheering out: If the overtaking manoeuvre is
already cancelled before the process of sheering out is completed and the diagonal
sinus line is only partially passed through, the sinus line of the sheering back pro-
cess is not entirely passed through as well, but only % of it. In the meantime, the
driving line is adapted to the curve radius and the yaw angle which is given at the
beginning of the second quarter of the sinus line. At this point the smallest curve
radius is given, depending on the specified lateral acceleration and the velocity. The
value inserted as side-shift is used for the calculation of the entire diagonal sinus
line, which in this case is, as already previously mentioned, not entirely passed
through. During this section of the driving line you can observe a small ,overswing®,
however, the missing part of the side-shift is usually not reached. It is advisable to

control the calculation in the Movie and correct the side-shift if necessary.

"S": This button initiates an automatic calculation of the side-shift in dependence to
the time of cancellation. The calculation is approximate, based on the side-shift of

sheering out, and can also be found for the determination of minimum visual ranges.
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"Max. Lat.-accel.": Lateral acceleration during sheering back.

"Deceleration after sheering back™: Starting with the process of sheering back, a
different deceleration can be used for calculations. If necessary, you can also insert

accelerations (negative algebraic signs).

The calculations comprehend the positions of the vehicle overtaking, the vehicle
being overtaken and, if present, the oncoming traffic at the following times: “Begin-
ning overtaking“, ,Beginning cancellation®, ,Beginning sheer back®, ,End sheer
back” as well as the velocities and distances between oncoming traffic and the ve-

hicle cancelling the overtaking process.

Tip: The data from the overtaking manoeuvre has to be transferred first in order to
be able to calculate its cancellation in a second step (Click on ,Transfer data“ in the
,Overtaking“ mask). In the selection box of the vehicle being overtaken, the same
vehicle number as in the overtaking process is set as a default. However, it is also
possible to calculate the cancellation with an alternative driving manoeuvre of the
vehicle being overtaken. For this purpose, choose another vehicle number. As a
precondition, suitable data needs to be available for this number. Due to a lack of
space, the data cannot be entered here, but in the main data mask. There you can
choose an appropriate vehicle number, copy the original data from the vehicle being

overtaken and modify it if necessary.

A similar logic applies to the oncoming traffic. The same vehicle number as in the
overtaking manoeuvre is pre-set; another number can be inserted to calculate a
variant. If the end of the cancelled overtaking manoeuvre takes place after the over-
taking process, the driving line of the vehicle being overtaken is automatically
added. At the end, a movement section is appended. For new calculations of the

overtaking process, the supplement is deleted again.

Calculation variants:

"After input": The calculation is based on the distance between the vehicles at the

time of cancellation and at the time of sheering back.
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"Immediately sheer back": Mathematically attempts to start the process of sheering
back at the same time as the cancellation. If this is impossible, the earliest possible
process of sheering back is determined; however, the calculation variant is

amended to “After input”.

"Last immediate sheer back": Determines the last time at which the process of
sheering back can start immediately at the beginning of cancellation. For this option,

the automatic calculation of side-shift is activated.

"Last cancel overtaking": Calculates the ultimate possibility for cancellation. As the
result depends on the oncoming traffic, an amendment of oncoming traffic necessi-
tates a new calculation. Before the calculation, the starting point of the curve in the
distance — time graphic has to be stated. A shift of the time-distance curve has a
significant influence on the calculation result, hence, it is absolutely necessary to

conduct the calculation anew. For this variant, the automatic side-shift is activated.

3.7.7.2 Min. sight

In many analyses of overtaking manoeuvres, the calculation of the minimum sight
needed to overtake constitutes a great challenge. In consideration of the fact that
an overtaking process can also be cancelled, it would be too simple to calculate the
minimum sight as the sum of the required distance for overtaking and the distance

covered by the oncoming traffic during this time (with maximum permissible speed).

B " Visual Range for Overtaking : Matthias Schmidt — X
Hence, Analyz- 9 9
Overtaker Min. view distance
erPro Ca|CU|a'[eS Diieiien & ieasis 1,00 s Time: Cancel Overtake process
0,00 s 0 m 0 m
the minimum S|ght Oncoming fraffic 0,00 s 0 m ®
Initial velocity: 0,00 km/h 0,00 s 0 m 0 m
0,00 s 0 m 0 m
dependent on the Duration of react.: 0,00 5 000 s 0 m 0 m
) ) . Buildup time: 0,00 s 0,00 s 0 m 0 m
reaction time In re- N 5 0.00 s 0 m 0 m
Deceleration: 0,00 m/s 0,00 s 3 3 m
lation to the can-
Calculate
. Overtaking inst. of cancelling: 0,00 s || 0 m
cellation. The

technical minimum sight is the sum of reaction distance of the overtaking vehicle,
the distance during the cancellation process and the distance of the oncoming traffic

in the same time.
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The distance the oncoming traffic covers is calculated based on the values entered
for the calculation of visual ranges. When you choose the module, the values from
the overtaking manoeuvre are transferred and have to be adjusted according to le-
gal considerations. The program calculates the latest possible cancellation time first,
then the time up to this moment is separated into 8 time intervals and minimum
sights are calculated for each of the sections. The side-shift for each cancellation is
automatically (approximatively) calculated with the overtaking time and the side-shift
during sheering out. As long as possible, the calculations for the cancellation pro-

cess are based on the variant “Immediately sheer in“.

Starting with the last possible moment for cancellation, the minimum sights must
equal the rest of the overtaking distance plus the distance possible for the party

overtaking during this time.

In addition, the minimum distance for finishing the overtaking process is given.

3.7.8 Turning-in Crash

(Icon: 7T7) For turning-in crashes (potentially after turning in) only few results can be
achieved if the values of the vehicles are analysed in combination. Based on the
given data from both vehicles, this module calculates the missing ones. For common
rear-end collisions both vehicles slow down, whereas for turning-in crashes the front
vehicle is accelerating. Both types of accidents can be calculated in this module,
only the respective value of acceleration has to be stated for the front vehicle. How-

ever, for simple rear-end *

Rear vehicle: Initial distance: OK
crashes, the easiest optionisto |~ ‘m%\ cx— (D (@B ...
ront vehicle: — . L
. [T =] g Final Help
use the module solely dedicated =~ ) & [ 9%m | fmintom
. ; @‘leculote i ;‘g:r::mm. \ . Radius D 00° O ket
to this type of accident. You can | o y awge. | o00m ® roht
. . . . Variants 7 X /| 00 ° . L
adjust if the vehicle turns in from |* = o
« » . . » Initial dwstc‘ncc‘ [ 0,00 kmyh \ni;icﬂ velocity: /W km/h H d'UTC ©
the |eft Slde Or from the rlght Deceleration: W m/s* Buildup time: ’Ws
X ) A i Reaction time: 1,00 s Acceleration: ‘ 0,00 m/s*
side. The main calculations in | slewedreaction fime: [ 100 speed imit: e amm |
Brake build-up fime: [o20s Total dist.: [o00m
both cases iS the Same, hOW' Total dist. . 0,00 m Final velocity \ 0,00 km/h || Avoidance
Final velocity: 0,00 km/h Time [v=const.): ‘ 0,00 s it
ever, driving lines are computed | s ceermnes: (me 2 Sroro ata. | DEISTe
) Velocily difference: [T000 km/h  Total time [000s Graphic
differently.
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ATTENTION:
Front vehicle: Acceleration positive — Deceleration negative

Rear vehicle: only deceleration possible (insert with positive signs)!

"Arc correction": Differences in length between the arc-shaped drive while turning in
and the projection on the driving direction of the vehicle going straight on. For rec-
tangular turning-in procedures the initial distance between the vehicle going straight
on and the vehicle turning in equals the distance: Front — closest front corner (f.e.
left front corner for turning-in procedures to the right). After turning in, the distance
is front — rear. Hence, the final distance needs to be additionally corrected by the
value of the rear overhang — % vehicle width. The inner curve radius, the curve
angle, the collision angle of the vehicle width, the vehicle length and the rear over-
hang are taken into consideration. If the vehicle moves along a circular arc, you can
choose to let the program calculate the ,Arc correction® (“Calculate”) or to enter a

value yourself (“Enter”).

"Final distance": Distance from the rear of the front vehicle to the front of the vehicle
catching up after the turning-in procedure. For diagonal collisions, enter the distance
with negative signs and use the rear corner of the front vehicle along the longitudinal

direction of the road that is further behind.

“Initial distance": Distance between the front and the rear vehicle (closer front cor-
ner) in longitudinal direction of the street, at the beginning of the prompt for reaction.
For calculating, the arc correction is subtracted from the initial distance. As the arc
correction also considers the vehicle length, the distance is used in the end for cal-
culations. If a large curve radius and a small curve angle (f.e. 1000m and 0°) is
entered for the calculation of the arc correction, it will equal the vehicle length. As
the information on distances is usually related to the closer front corner of the vehicle
turning in during a turning-in crash, the input form is displayed accordingly. In case

a value different from 0 is chosen as a curve radius, the collision angle is calculated.

"Radius" (Curve radius): The curve radius relates to the radius the rear wheel on the
inner curve side is performing. If a value different from O is entered as curve radius,

the collision angle is calculated and does not need to be entered; the arc correction,
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which has only been calculated for a complete turning-in procedure before, is auto-
matically adjusted with iterative calculations.

"Angle" (Curve angle): Angle between the two roads, i.e. the angle that the vehicle

turning in needs to turn around.

"Collision angle": Angle between the vehicles at the time of collision. If 0 is inserted
as collision angle, the arc correction at the end of the arc-shaped drive is calculated.
If the collision angle is different from O in fact, the arc correction is automatically
adjusted during the calculation. If the collision angle is known, it is used to compute
the distance up to the collision, the total time and the collision velocity of the front
vehicle. If a value different from 0 is entered as a collision angle (angle between the
longitudinal axes of the vehicles), the total distance and the collision velocity of ve-
hicle 1 is computed. Now the program is also enabled to calculate the arc correction
at the time of the collision, i.e. the time at which the defined collision angle is

achieved.

Both the possibility that the velocity limit of the front vehicle is prematurely achieved
and the possibility that the total time < reaction time plus buildup time or total time <

reaction time are factored in.

In case the velocity of the vehicles is equal before the entered end distance is
achieved, the end distance at this point in time is calculated and the entered value
is corrected. If the collision takes place before the reaction time respectively the
buildup time has passed, it is considered in the calculations as well, as you can see

in the computed total time.

"Reaction time": Time taken for a reaction, i.e. the period between the realization of
a hazard and the beginning of the buildup phase. However, it can also represent the

pre-braking time, for example if the front vehicle starts from standstill.

"Acceptable reaction time": The avoidance calculations for the rear vehicle are con-
ducted with the value of the acceptable reaction time and are independent from the
entered or calculated value of the used reaction time (which may contain a delay in
reaction). Hence, you may, for example, derive at the following conclusion: For a

differential speed of 20 km/h a reaction time of 1.4 s is calculated, if the front vehicle
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accelerates with 2 m/s?; at the same time, you calculate in the avoidance calcula-
tions that a collision could have already been avoided if the acceleration would have
been 1.6 m/s? only. This is no contradiction, but points to the fact that the collision
could have been avoided if the driver of the rear vehicle would have only needed
the acceptable reaction time of 1 s, even if the front vehicle would have had accel-
erated with 1.6 m/s2 only.

If the calculation variant is not chosen via ,Variants“, the program calculates the
entered values (only) prior to the first calculation. Afterwards the same input scheme
is used for calculations, even if new values are entered. You can observe the differ-

ence by checking the blocked respectively unblocked fields.

"Total distance": If the value entered in ,Total distance (of the vehicle turning in)“ is
different from 0, the resulting final velocity is calculated (under consideration of a

possible velocity limit and a time with constant velocity).

"Final velocity": Vice versa, the input of a final velocity is used to calculate the total

distance.

"Velocity limit": Velocity with which the vehicle drives after the acceleration respec-
tive deceleration (f.e. velocity limit). If a positive value is entered as acceleration, the
default setting is 100 km/h; otherwise it is 0 km/h.

"Time (v=const)": After the velocity limit is reached, the rest of the distance is cov-
ered with constant velocity. If needed, the time driven with constant velocity respec-
tively the time in standstill is calculated and can also be entered. If the acceleration
or velocity limit is amended afterwards, the previously calculated value (distance or

final velocity) is computed anew.

"Safety distance": By entering a value into this field, you can adjust the final distance
for the avoidance calculations to the safety distance related to the final velocity.

Enter the respective time value here (f.e. One-second-distance).

The value entered as ,Initial distance® is only used for the avoidance calculations if
the value is bigger than 0.
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If the ,Initial distance® is calculated anew during the computations, the entered value
Is used for the avoidance calculations and also kept for succeeding calculations. If

this is not desirable, enter the old value again.

Attention: For drives in curve shape (turning-in crashes), the differences between
the displayed distances are not equal to the distances (curve correction!). The devi-
ations are usually rather small, however, it might, for example, be necessary at the
end of avoidance curves to marginally enlarge the collision angle, so that vehicle 1
fits between the curves. As the distance is set as length cos (collision angle) at the
time of collision and the collision angle at the end of the curve is inevitably different,

the distance there cannot match the differences in distance.

3.7.8.1 Variants

Variants: You can choose between 9 calculation options: ,BACK® — is the symbol
for backwards, ,FORW* for forwards. The initial velocity for vehicle 1 has to be given

in any case. In case of acceleration, it can be 0.

"Forward calculation": The initial | ®um-in - rear-end collision X
. . . Rear vehicle front vehicle
velocity of the vehicle catching up s Tk oot [ Gt | o [Soina | oo [ ot | fock
|S knoWn. % vAZ a2 - dv - wAl al stotl or vel
L VA2 az? tr2 vAl al stotl or vel
| K| VA2 - = dv 0 VAl al stotl or vel
"Backward calculation”: The total | — o & o o Ao
O vA2 )} r2 dv - vAl al
distance or the final velocity of the | & ... | . vl I At !
front vehicle is known. Cancel | Help

Given that the acceleration of the front vehicle is known, the final velocity is calcu-
lated when the distance is stated and vice versa. The specified velocity limit is taken

into consideration.

The variables are:

VAL... Initial velocity of the front vehicle
al...... Acceleration (deceleration) of the front vehicle
VEL.... Final velocity of the front vehicle
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dv...... Differential speed in the end

SO...... Initial distance (Depth of distance)
VA2.... Initial velocity of the rear vehicle
az...... Delay of the rear vehicle

tr2... Reaction time of the rear vehicle

After the choice of variables, the input fields of the items to be calculated are blocked
and the specified calculation option is conducted. Alternatively, you can also choose
to insert the values as usual, then the program selects the appropriate calculation

option based on the stated items (i.e. items different from 0). Fields marked with

are calculated, the others have to be stated.

3.7.8.2 Avoidance

The module , Turning-in Accident® also comprises an option for avoidance calcula-

tions — if possible, the following items are calculated:

"Front vehicle": The avoiding ,,Acceleration” (resp. Deceleration)

"Rear vehicle": The avoiding ,Deceleration®, the avoiding ,Initial distance, or
the aVOIdIng sInitial Ve|OCIty ’ B ' Calculation of Avoidance.. — X
The box asks for the item values which would | Reor venice: i

. . ® Initial velocity: 63,29 km/h Help
have been needed to avoid the accident. For | o . ioee [ 2608 m

avoidance calculations, the arch correction is | © Pecslerafon: 0:68 m/st -y Tromsfer

Front vehicle: ’E
Acceleration: m m/s?

adapted to the newly emerging collision angle.

Values that lead to the same final velocities

are calculated.

3.7.9 Rear-End Collision

(Symbol: ==) The handling is similar to the one of “Turning-in crash”, only the input
of curve radius, collision angle and arch correction is not necessary. For turning-in

crashes, the front vehicle is expected to accelerate and a positive value has to be
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inserted (strictly speaking; a negative value would be interpreted as braking),
whereas for rear-end crashes the front vehicle is expected to brake and the decel-
eration should be positive. In this case, the initial distance is the depth distance
between the two vehicles (see graphic depiction). The calculations for rear-end colli-

sions and turning-in collisions is the same.

Please I’]Ote that the B " Rear-End Collision : Matthias Schmidt - X
. Rear vehicle: OK |
calculation of depth |B-~] Goncer |
. Front vehicle: D = |
distance does not |I' - | =
_ Inifial distance:
lead to one clear solu- vernts %18 m
. Rear vehicle Front vehicle -] Transfer
tion, but two: One so- Inifial velocity: [ 5508 km/h | Inifial velocily: 20,00 km/h & deta
. . Deceleration: 2,00 m/s* Buildup time: 0,00 s
lution during the reac- | reacion ime: [780s  Deceleralion: H00ms | cacute
R . Acceptable reaction time: ‘ 1,00 s Velocity limit: ["100,00 km/h
tlon phase or bu”dup Buildup time: 0,20 s Total dist.: 20,00 m Avoidance |
Total dist.: 5251 m Final velocity: 34,32 km/h
phase Of the rear ve- Final velocity: [ 3832 km/h  Time [v=const): [o005s
. Init
thle, the other one Safely distance: | 0,00 s) ( 0,00 m - I
Shared data clete
d u I’Ing the brake Velocity difference: I 0,00 km/h Total fime: 3985 Graphic |

phase. You can choose with which option you would like to continue.

At a certain reaction time, the differential speed reaches a maximum. If the indicated
differential speed is too large, it is necessary to increase the reaction time to derive
at a solution. The program automatically adjusts the item and notifies the user of the
change.

The buildup phase of the front vehicle is considered in calculations, however, not
the collisions during the front vehicle’s buildup phase. Collisions during the buildup
phase of the front vehicle are only possible if the distances are extremely small — a
condition that is not met in the forensic practice. Hence, the previously described

situation is not considered in the program.

3.7.10 Bike braking

The extent of brake delay strongly depends on the driver of the bike. Contrary to
cars, the brakes of the front wheel and rear wheel can be controlled separately with
hand brake and foot brake. Moreover, motorcyclists need to avoid an overbraking

of the wheels if possible, because this status of wheel blocking increases the risk of
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falling. In general, a blocking of the rear wheel is the less critical scenario, as the
bike can potentially still be balanced with weight transfers of the driver.

Only if the front wheel is also blocking after a few moments, a fall cannot be pre-
vented anymore. Hence, whereas a car driver can thoughtlessly conduct an emer-
gency braking, a biker is usually advised to limit the braking to smaller doses.

As comprehensive tests by Weber and Hugemann confirm, the control tasks con-
ducted by motorcyclists normally lead to slightly increased rise times until the total
deceleration is achieved. “Total deceleration” in this context describes the maximum
deceleration value a motorcyclist with driving experience can achieve. The maxi-
mum reachable deceleration a typically increases proportionally to the driving expe-
rience of the motorcyclist. At the same time, experienced drivers reach this maxi-
mum deceleration value faster. In order to describe the motorcyclist’s behaviour re-
alistically, a so-called ,Exponential equation for mathematical calculations has
been developed. It takes into consideration the longer buildup phase as well as the
achievable total deceleration dependent on the driving experience (more infor-
mation on this topic: Weber/Hugemann, “Der Verkehrsunfall” 28, 1990, S. 832—-835).

Contrary to car drivers, the effective brake delays during braking strongly depend
on the driving experience of the motorcyclist and on the total time available for the
braking manoeuvre. If a rather long wheel track of a motorcycle is given, it usually
originates from the rear wheel. At almost all motorcycles, the rear wheel brake is
controlled by a pedal that does not allow a precise dosage of braking power. There-
fore, it is most often the rear wheel that is blocked during emergency brakes to pre-

vent a collision.

According to some accident analysists, it cannot necessarily be assumed that the
front wheel brake was activated as well. Based on the wheel tracks, you can only
assume the usage of the front wheel brake if a track of a blocked front wheel is
present or if the rear wheel track is relatively weak, because the front wheel break
must have considerably supported the rear wheel brake during the braking manoeu-

vre.
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In all other cases, the activation of the front wheel brake cannot be clearly deter-
mined. However, comprehensive examinations have shown that motorcyclists per-
manently exercise the simultaneous activation of the front wheel brake and are also
able to activate it more or less precisely in stressful situations (Schmedding/Weber,
“Der Verkehrsunfall” 28 (1990), S. 320-322). Every motorcyclist is aware that the
sole usage of the rear wheel brake results in a rather small deceleration of the mo-
torcycle. The achievable deceleration level of 3 m/s? is less than half of the deceler-
ation possible for a car. The brake distances are more than twice as long compared
to a simultaneous activation of the front wheel brake. In many accidents with motor-
cycles involved, the record of wheel tracks shows both wheels, which means that
the blocking of the front wheel brake can directly be concluded. However, the wheel
track often extends over a few meters only, followed by a fall of the motorcyclist with

the aim to avoid a collision.

During standard braking, the motorcyclists strives for a trackless manoeuvre in order
to keep the balance of the motorcycle, which is based on the gyroscopic forces of
the turning wheels. Contrary to the simplicity of braking a car, the motorcyclists need
to accomplish a complex control task that might overexert them in hazardous situa-
tions. In this difficult situation, at least the rear wheel is usually overbraked and cre-

ates the first part of the track record before a collision.

ili Bike Braking (exponential equation) : Matthias Schmidt -
The loss of stabilit X
. Initial speed: 0,00 km/h  Buildup time [ 000 s oK
through the bIOCkIng Of the Reaction period: jo.00 :| Buildup dist. ‘ 0,00 m e
h I ft b Decel. increase rate 0,00 s Braking + buildup distance: \ 0,00 m Help
rear W ee Can 0 en e Maximum deceleration: 0,00 m/s* Brake + buildup time 0,00 S -
. Deceleration by track begin: 0,00 m/s* Decelerafion reached: 0,00 m/s*
compensated by weight _ e [&] Transfer data
Length of skid mark: 0,00 m Dist: m .
. Final speed: 0,00 myn | Reacfonpoint [ 000 s
transfers of the driver. The , -
Transferred values (linear model)
blocking Of the front Wheel vehicle: [1¥| starting M~ Decelerafion: \ 0,00 m/s? Calc
Reaction period: 0,00 Braking distance: ‘ 0,00 m
almost alWayS Ieads to a Buildup time: 0,00 Buildup distance: ‘ 0,00 m o
—lear

fall, as the gyroscopic forces of the rear wheel, without additional steering correc-
tions on the front wheel, are usually not sufficient to keep the balance. Hence, the
blocking of the front wheel has to be prevented in any case and even during the
accident development. Unfortunately, this Golden Rule is often not kept in the

stressful last phase before the collision: The front wheel blocks. As a result, you can
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often observe a record of one wheel track in the beginning, accompanied by a sec-
ond one just before the collision. Due to the motorcycle’s incline, often caused by
the rear wheel slipping away, the two wheel tracks can present themselves in a

lateral shift to each other.
“Exponential equation”:

The “Exponential equation” can be used to describe the actual braking manoeuvre:

-t

att)=a, (1-eT)

ao ... asymptotically approximate deceleration (stationary value). The range defined
by Weber and Hugemann on the basis of experiments with dry streets are 6,8 m/s2
to 10 m/s2.

T ... Rise. This item describes the process of rising deceleration and mainly depends
on the driving experience of the motorcyclists. According to Weber and Hugemann

this value can be found between 0,32 (sharp rise) and 0,6 (flat rise).

The equation integrated once indicates the velocity, integrated twice, we derive at
the distance as a function of time. The creation of wheel tracks can start anytime
during the braking. In case it is possible to estimate the deceleration at which the
tracks started, the initial velocity of braking can be calculated. The time from the
beginning of braking until the creation of tracks is called buildup phase.

Based on the final velocity (= collision velocity), the asymptotic approximate decel-
eration (total brake delay), the deceleration at the beginning of tracks, the rise and
the length of the braking track, the initial velocity of braking can be calculated with

a mathematical approximation method.

In order to continue using the data in the main data record, it must be converted into
the linear model of the main data record, which means that the total distance the
total time, the initial velocity and the final velocity are equal. Now it is possible to
specify the deceleration. Depending on the value chosen for this item, the phase of
constant deceleration and the buildup phase (linear rise of deceleration) are allo-
cated. The reaction phase has to be little bit smaller in the linear model and the

buildup phase a little bit bigger so that all necessary conditions remain fulfilled.
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The values converted into the linear model are purely fictitious, nonetheless they
can easily be used for avoidance calculations. The Distance-Time diagram and the
movie, however, are solely based on the linear model and will, therefore, slightly

deviate from the exponential model.

3.7.11 Evasion of a motorbike

This modules serves to calculate evasion manoeuvres of motorcycles and to

illustrate the required space.

Simplified theory: If the driver of a two-wheeled vehicle decides to swing out to the
left, the momentum has to be shifted to the steering wheel in the right direction first.
Afterwards, the motorcycle tilts to the left and drives in this direction. The time
needed to shift the momentum has to be specified with “Time delay” in this module.
The value is taken as a basis for the “Preparation distance”, the distance in which

the two-wheeled vehicle continues to drive straight ahead.

Two sinusoids are used to approach the driving line, whereby the maximum radius

depends on the maximum velocity during the entire driving manoeuvre.
“Total side offset”: The total side offset covered by the motorcycle.

“Lateral acceleration”: The maximum lateral acceleration affecting the two-wheeled

vehicle. The value is used to determine the steepness of the curve.
LInitial velocity“: Velocity at the beginning of the evasion manoeuvre.
“Deceleration”: Positive value — braking, negative value - acceleration.
“Time delay”: Time needed to shift the momentum to the steering wheel.
“Final velocity”: Velocity after the end of the evasion manoeuvre.

“Maximum yaw angle”: Indicates the yaw angle at which the vehicle swings in from

the first to the second partial curve.
~Shear rate“: Velocity up to the time of reeving

“Maximum roll angle”: Indicates the maximum roll angle for both parts of the curve.
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“Required space (inclination)”: Indicates the maximum space required in direction

of the incline for both parts of the curve.
“Preparation distance”: Distance covered during the preparation time.
“Sheer distance”: Distance covered during the actual process of shearing

,1otal distance (relative)*: Total distance covered, including a projection to the

original driving direction.
“Total distance”: Total distance covered.
“Total time”: Total duration of the manoeuvre.

“Difference to relative distance”: Difference between “Total distance” and “Total

length (relative)”.

”DraW envelope“ Due to the Evasion of a motorcycle : Matthias Schmidt = X

venicle: [l ~/ From phase: [1 ¥ oK

incline of the motorcycle, it —= vt 1
e s elect typical values based on research hd Cancel

might require more space ) < cor ), LR
g q p Max. Width: 6 F'repercnio_n dist.: ‘ z,r;m m ‘ o
depending on its geometic = " PEE /"m ¢
. AR ith driver: otal sideshift: .
data. Hence’ the motorcycle is mox.u’h:'ll)d!:';I ngh:;vl;rhninver, Total sideshift T
depicted with a cover that v U v e [ PRy
|”UStrates the real space Lateral acceleration: 0,00 mj/s* Max. yaw angle: | 0,00 ° E:V;ope
i Initial velocity: 0,00 km/h Sheer vel.: | 0,00 km/h
requlred- The form Of the Decelaration: 0,00 ez Max. roll angle:

. . Time delay: 100 s e e
motorcycle is approached with a | .. .ccc. ™ 05 wom Required space “ncungsnm,:l
trapezu'jm Total: Path: 0,00 m Time 0,00 s Dif rore\aﬂvedisr.:| 0,00 m

Inclined position SO
“Maximum width”: Width of the = secewe % °%m ron [ S mmme | 000

Rear: 000 m Yawangle: | 000 Roliongle: | 0.00 Delete

motorcycle, assumed from

vehicle data.

“Height of maximum width”: Indicates how high above the floor the motorcycle has

its widest part. This is important for the space required.

“Height with driver”: Indicates the maximum height including the driver. This is

important for the space required.

Mid position:

99



,Front“: Specify the width of the front’s side offset here. All additional values are
issued.

3.7.12 Braking in a Curve

For emergency brakes within a curve, the maximum available tire force has to be
partly used for the cornering force. In curves with constant radius, a stronger cor-
nering force is used at the beginning of the braking due to the higher velocity; the

possible deceleration is smaller than at the end of braking.

BaSEd On the |ength Of the Braking in a Curve : Matthias Schmidt — e
) i vehicle: il =] starfing T~ OK
brake distance and the final ve- —
Curve radius: 0,00 m Initial speed: ‘ 0,00 km/h —ance
. o Maximum decelerafion: | 0,00 m/s* Decelerafion after buildup: m mis® Help
|OCIty’ you Can CaICU|ate the In Braking distance: [ 000 m Final deceleration: 0,00 m/s*

0.00 km/h
1,00 s oit: |
\

' H H : : final speed: Transfer data
itial braking velocity in this | _ . ...

Reaction point:
Brake buildup 0,20 s Time: g

module. The maximum decel-

eration describes the decelera-

Velocity limit in curve:
Max possible braking distance:

Missing braking distance:

0,00 km/h
0,00 m

Calc

0,00 m Clear

tion that would have been possible without the curve. Next to the initial velocity, the
deceleration at the beginning and at the end of the braking distance is calculated as

well.

The program transfers the following four phases: reaction phase, buildup phase and
two phases of curve braking. As the deceleration is not constant during the curve
braking, two buildup phases are transferred. The deceleration at the end of this
phase corresponds exactly with the calculated value at the end of the curve braking.

The braking distance is divided into two parts.

The program determines the velocity and acceleration in the middle as well as the
time periods. The time of the curve braking in the main data set slightly deviates
from the calculation model of braking in a curve, because the deceleration does not
change linearly with time in the curve braking model, but depends on the instanta-

neous velocity.
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3.7.13 Velocity limit in curve

The maXimum VelOCity iS B " Calculation of Velocity Limit in Curve : Matthias Schmidt - X
Calculated W|th the Coefﬁ- Length of chord: b:m’;l: Hight over cord: 000 m
. . . Arc length: 0,00 m
Clent Of frlCtIon Of the Street S Coeff. of friction: 0,00 Cross slope inwards: 00 ° 0.0 % Calculate
transverse gradlent and the Curve radius: 00 m Max. curve velocity: 0,00 km/h
Lateral accel.: 0,00 m/s®> sensble lat. accel.: 0,00 my/s?
curve radlus’ Whereby the Incline of a single tracked vehicle: 0,00 °
coefficient of friction is de- | o« | cocer | [ heb || Deete |

fined as the utilized value. The coefficient of friction multiplied with 9.81 results in
the lateral acceleration on a horizontal street. If necessary, a street’s transverse
gradient can be defined in degree or %. A positive value indicates a transverse gra-
dient inwards, a negative value a transverse gradient outwards. The program also
calculates the inclined position (deviation from the vertical) a single-lane vehicle

would have to drive.

3.7.14 Acceleration (slope)

With this module, you can calculate the maximum possible acceleration respectively
deceleration as a function of the coefficient of friction and the street gradient. The

street gradient may be entered in degree in the first field or in %. A positive value

indicates an ascent, Calculation of Acceleration : Matthias Schmidt — X

a negatlve Value a Coeff. of friction: 0,00 Street \'ncHnoﬁon:‘ 0,00 ° 0,00 %

descent. Max. 0,00 m/s* ( Slope: up +, down - ) Calculate
OK ‘ ‘ Cancel ‘ ‘ Help ‘ ‘ Delete

3.7.15 Calculator

(Icon: C) On request of several colleagues, this module was implemented to pro-
vide the user with a slightly simplified version of the module Distance-Time-Calcu-
lations. Partial braking distances can be depicted in list format, f.e. which distances

are needed to decelerate from 60 to 20, from 55 to 20, or from 50 to 20 km/h.

Each row represents a separate input, the reaction time and buildup time specified
in the upper part of the input box are valid for all rows. If neither a reaction time nor
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a buildup time is stated, only a braking phase is assumed, and the meaning of
distance and time relates to the braking time and braking distance. Otherwise, all

- B ! Partial braking distance : Matthias Schmidt — X
three phases of reac 9
tion, buildup and braking | ooicnime | 002 sucopime | 000 S
Velocities Deceleration Braking Braking Tot. diist.: Tot. Missing dist. °F
phase are assumed and (k) (v (m 1 (m © (m ot
\ 0,00 ..>| 0,00 0,00 \ 0,00 | 0,00 0,00 0,00 0,00 -aleviale
distance and time can [ 000 o000 000 [ o000 [ o000 0.00 0,00 0.00
| 000 000 000 | o000 [ 000 0.00 0,00 0,00
be interpreted as total | 000 000 000 | o000 [ o000 0,00 0,00 0,00
| 000 o000 000 | o000 | o000 0,00 0,00 0,00
distance and total time. | 000 000 000 | o000 | 000 0,00 0.00 0,00
| 000 000 000 | o000 [ 000 0,00 0,00 0,00 Init
. \ o.oo,,>| 0,00 0,00 \ 0,00 | 0,00 0,00 0,00 0,00 Deleto
Given that three values

are available in a row, the calculations are conducted one after the other. It is not

possible to calculate the reaction time in this module.

The data is not transferred to the main data set, but the calculations are saved.

3.7.16 V = const.

(lCOI’]: @) With this little support  ®'Distance - Time: Constant Velocity : Mat.. ~ —

X
module, movement sections Velocity: Dist.: Time:
. - km/h m/s m s
with constant velocity can be -
Cancel
,00=! 0,00 0,00 0,00
calculated. At least two out of | boo | |
he th _ 4 _ . 000 | 000 000 000
the three sizes distance, time
) ‘ 0,00 ‘ 0,00 ‘ 0,00 ‘ 0,00
and velocity have to be stated,
0,00 0,00 0,00 0,00
whereby the latter one can be | | | |
g . . 0,00 0,00 0,00 0,00
specified either in km/h or m/s. | | | |
‘ 0,00 ‘ 0,00 ‘ 0,00 ‘ 0,00

Several calculations can be
carried out in parallel. Data is not transferred to the main data set.

3.7.17 Casting distance
Calculates the casting distance in consideration of air friction.

Please insert: "Initial velocity" (Departure velocity in km/h OR m/s), "Throwing" (De-

parture angle), "Impact” (Height of the point of impact at which the flying object shall
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land). A negative “Impact” value indicates that the landing point is located below the

departure point, which is always characterized by a height of 0.

Furthermore: "cW" (drag coefficient), "Cross section" and "Mass" of the flying object.

If a cross section is stated, the mass of a dice with the density of water is proposed

as reference value for the mass.

B Throwing Range : Matthias Schmidt

A il velocty P00 km/h 0,00 m/s
- ;

0,00 m/s

0,00 m/s

Throwing \ 0,00 m hme" 0,00 s

Impact velocity: X 0,00 m/s z 0,00 m/s

e |

cW: 0,00 Head

Cross section: [ 0,000000 m*

Mass: 0,000 kg

0,00 km/h
0.0 m/s*

0,00 m

Cancel

Help

Delete

The following values are calculated:
The "throwing height" (and the "Time"
distance from the point of throwing),
the "maximum horizontal throwing"
(Height = 0) and the respective point
in "Time", die "Throwing" (throw dis-
tance) for the specified height and the

total "Throwing and sliding distance".

In case a ,sliding deceleration” is stated, the total distance comprises the throw

phase and the sliding phase. If a ,throwing and sliding distance® is determined, the

Hinitial velocity“ (departure velocity) is calculated thereof.

Moreover, the x and z component of the departure velocity ("v_x", "v_z") and the

impact velocity in x and z direction are calculated.
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3.7.18 Half-Sight Problem

With this module, accidents with a re- | Haif-sight Problem : Matthias Schmidt - X
stricted view can be examined. Visual range: po m
Sum of collision speeds: 0,00 .
The following sizes have to be stated: Veh A VehB
H “ . . Vehicle 1 > 2 v
»~Visual range®, ,Sum of collision | . =] =]
speeds”, ,Deceleration“ and ,Reac- | “°"" e o0 | 0
Deceleration: 0,00 0,00 m/s
tion time“. Based on these Va|ueS, in- Buildup time: 0,20 0,20 s Lrg?;fer
. . . Reaction time: 1,00 1,00 s
itial brake velocities and distances | ot oo | [ 000 | m
Miss. brak. dist.: 0,00 0,00 m
are calculated. il speed: o — (e
Dist. to 1/2 sight: 0,00 0,00 m
The sum of covered distances results | i ime: 0,00 .
. . . Veh A Veh B
in the visual range. The distances are | soppngasiance: | [ 080 | [ 606 | m Calculate
e . Diff. to 1/2-sight: 0.00 0,00 m
covered within the same time (total | =~~~ — — —

time).

Different view conditions, f.e. because of a curve, can be adapted with different re-

action times.

If the collision velocities sum up to 0, collision velocities can be stated for both vehi-
cles separately. If not, only one velocity can be specified and the second one is
automatically calculated of the sum. The respective stopping distance for a theoret-

ical standstill is calculated in the lower part of the input box.

"Diff. to %2 sight" calculates the distance that the vehicle would have covered from
the collision to half the sight distance (positive value) respectively the distance that

the vehicle has covered beyond the point of collision (negative value).

"Limit speed" indicates the maximum speed that would have been needed to stop

on half the sight distance.

3.7.19 Right of way problem

Calculates the visual range to the right. The module is based on the following sce-
nario: On unregulated crossings with a right-over-left priority rule, vehicle A must

give way to vehicle B approaching from the left. However, vehicle B also needs to
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consider the possibility of a third car coming from its right and has to adapt the ve-
locity accordingly.

The starting point for the analysis is the position of collision. For both parties, the
distance that the vehicles’ fronts have moved beyond the line of sight (“1”) have to
be stated. Furthermore, the distance of vehicle A up to the line of sight of the inter-

secting road needs to be specified (“2”).

If you enter the ,Collision velocity” of vehicle A, the ,Initial velocity” is automatically

calculated, and vice versa.

Fahzeug | | v |  Ab Abschnitt: N1 v Fahzeug [2 ¥ | Ab Abschnitt |1«

It is possible to enter a deceleration during the approximation (,Approach Deceler-
ation “) which is then also applied to the reaction. After the reaction phase and the
buildup phase, the vehicle slows down with the value indicated as “Deceleration”

until the point of collision.
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The sight obstruction is depicted as a circle between the two roads. You can specify
the radius and the distance to the roadsides to position the obstacle.

The position of the eye is generally pre-defined, but can also be amended here (,3%).
Based on this information, the visual range to the right (= the distance from the mid-
dle front of vehicle B to the line of sight) is calculated.

Vehicle A Vehicle B
Init. velocity: 0,00 km/h Collision vel. (VC): 0,00 km/h
Approach deceleration: 0,00 m/s®
from f-tot. unftil cg 0,00 s ) we get:
Reacftion fime: 1,00 s
Buildup fime: 020 s O
Distance (v = const): 0,00 m
Deceleration: 0,00 m/s?
B reaches driving path of A: 0,00 s
Collision vel.: 0,00 km/h ap
Dist. react. - collision (s tof.) 0,00 m
Time react. - collision (f tot.) 0,00 s max. starting vel.: 0,00 km/h
Stopping distance: 0,00 m (with delay:) 0,00 m/s®
Velocity 'A' ded to stop:
eloctly A needed fo stop 0,00 km/h B reaches driving path of A: 0,00 s

Variant for A

Vehicle: v Acceleration: 0,00 m/s*
Total dist with clearing: 0,00 m Total time with clearing: 0,00 m

Moreover, AnalyzerPro calculates the position vehicle B would have had, had it
moved with constant velocity, i.e. the collision velocity. In case this value is smaller
than the visual range, the vehicle was already visible at the time of reaction and
vehicle B could have decelerated during the process of approximation. The velocity
at the time of reaction and the deceleration are calculated in the fields below (max-

imum initial velocity with deceleration).

In case the value is greater than the visual range, the vehicle was not visible yet. In
further consequence, the velocity of vehicle B must have increased, and at the time
the driver of vehicle A reacted, vehicle B was slower than at the point of collision.

Deceleration shows a negative value in this case.

It is also possible to calculate an alternative analysis for vehicle A in which the ve-

hicle accelerates until the end of the clearing distance instead of braking.
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3.7.20 Pedestrian Accident

3.7.20.1 Pedestrian Accident

(Icon: 'f‘) You can examine accidents with crossing pedestrians in this module.

The module is able to handle distance-based as well time-based methods of calcu-

lation.

e For distance-based calculations we need to consider the objective reaction
point of the car’s driver. Usually, this is the spot we get if we take the stand-
ard reaction time and calculate backwards from the beginning of the visible
skid marks.

e Time-based calculation methods on the other hand take the pedestrian’s
movement into consideration at a defined point of danger recognition, i.e.
the point at which the car’s driver should have reacted.

The module is divided into various parts. The left half is used to define geometric
data and the actual / probable movement of the car and pedestrian. The right half is
used to calculate and transfer avoidance calculations, depending on the pedes-
trian’s movement. The calculations on the left side influence the data on the right

side, but the calculations on the right side do not influence the left side.

- Top left area: Geometric data of the accident site.
- Centre left area: vehicle driving data.
- Bottom left area: Pedestrian movement data.

- Right side: Avoidance calculations.

Geometric data, top left:

"Pedestrian from left/right": Adjust the moving direction of the pedestrian here. Your
choice does not influence the calculation mode, but only determines the depiction

in the movie.
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B " Pedestrian Accident : Matthias Schmidt

Pedestrian from: () left (&) right

Missing distance:
= m

Vehicle - movement AFTER the collision:

Final wel.: 0,00 km/h
Coasting dist.: 10,00 m
Velocity after 42 60 km/h

Vehicle - movement BEFORE collision:

Allowed maximum speed:

Build-up time: 0.20 s
Initial velocity: 5373 kmsh

Pedestrians - movement BEFORE collision:

Collision speed: 500 km/h
v = const. 500 kmsh
Initial speed: E.00 km/h
Total distance: EO0D m

Deceleration: 7.00

Coll factor: 0.70

Coll. speed: 44,66

Deceleration 1: 7.00 m/s? Deceleration 2: 3.00
Brak. dist. 1: 300 m Brak. dist. 2: 3,00
Calculated reaction time (from recognizable path): 2.96

Reaction time: 1.00

Total dist.: 63.19

Deceleration: 0.00
Time (v = const): 3,60
Acceleration 0.00
Standstill dur.: 0,00

m,s?
-1

kmysh

m/s?

m,s?

m, 52

— X
Complement Pedestrian: |3—L|
&) recognizable path bef. collision

O distance calculated from reaction

5: 227 m t: 1.64 s
Safety distance m m
Vehicle: 4 -

Hazard detection point: Transfer data

s 58.2 m t: 260 s
Braking deceleration: 50 m/s?

Transfer variant

Aveidance with calculated reaction
time.

® spatial 445 km/h

O temperal 47.8 km/h

Avoidance with predetermined
reaction time.

O spatial 65.6 km/h calculate
O temperal 66,0 km/h

At given maximum speed:

O Coll. velocity: 57.6 km/h
) Deceleration: 62,0 my/s?
For a given reaction time: Delete

e kmi/h
O coll. velocity: | 0.0 km/|
) Deceration: 2.0 m/fs?

Vehicle data, centre left:

"Final velocity": The value is usually 0, except if the vehicle has run into an obstacle

(another vehicle, etc.), then the collision velocity has to be stated here.

"Coasting distance": Brake distance after the collision. Based on the specified “De-

celeration”, the coasting velocity (= velocity after the collision) is computed.

"Coll(ision) factor": Due to the weight difference between the pedestrian and the

vehicle, the velocity of the vehicle changes only slightly in many cases. Assuming

that it was a straight and central collision, the velocity immediately afterwards can

be calculated as follows:
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IF Mped
— vl e (14— )
Vi = Vk *< 100 my.p,

However, this formula cannot be applied to all types of collisions (dependent on the
vehicle type). The shock transmission is incomplete in most cases and can be taken

into consideration by amending the impact factor:
"Collision factor " = 0: The vehicle does not loose velocity at all (brushing).

"Collision factor " = 1: Maximum velocity loss according to the above-mentioned

formula.
Real accidents usually score in between. A common value is 0,8 (pre-set value).

"Collision speed": Is calculated from the mass ratio vehicle — pedestrian and the

,Collision factor”.

Calculating the vehicle approach velocity:

The vehicle approach velocity is calculated by considering:

e Coasting distance
e Velocity change during the collision

e Braking that occurred before the collision
Calculation options:

The initial vehicle speed can be calculated via three different methods, which can

be selected by ticking one of the round boxes in the centre of the dialog.

e 1: Distance-based calculation by taking the user-defined braking distances.
There might be a discrepancy between the objective and subjective reaction
points.

e 2:Time-based calculation by taking the remaining braking time after subtract-
ing the user-defined reaction time. This takes the time of the pedestrian be-
coming recognisable as potential danger as the base line.

e 3: Use the defined maximum speed.

1: The braking distance before the collision is entered. The braking distance can be

split up if different decelerations have to be considered. If a braking distance is
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given, the initial velocity can be calculated. Based on the prompt for reaction, a po-
tential delay of reaction can be computed: First of all, the pedestrian’s distance from
the position of the prompt for reaction to the collision has to be investigated (dis-
cernible distance to the collision, from which the reaction time is calculated). The
difference between the computed and the permissible reaction time is the reaction
delay. Different decelerations make it sometimes necessary to split up the brake

distance. Two parts are provided for this purpose.

2. In many cases, no track record is available and the initial speed can only be as-
sumed indirectly by combining the permissible reaction time with the discernible dis-
tance of the pedestrian. The calculated reaction time complies with the permissible

one in this case.

3. As an alternative, the reaction time can be calculated from the permissible veloc-
ity.

"Mean deceleration for avoidance": The calculation of avoidance can only be con-
ducted with a uniform deceleration that has to be indicated by the user. If no value

is entered and the input stays at 0, the average value weighted by the respective

brake distance is calculated.

Pedestrian data, bottom left

The pedestrian could have covered his or her distance in 4 different ways:
With constant velocity: Only one out of three velocity fields has to be specified.

With acceleration or deceleration: As the program assumes that the pedestrian ac-
celerates at the beginning and decelerates in the end, both values are expected to
be positive. The program calculates with the right algebraic signs internally. If the
pedestrian accelerates in the end against common expectations, the respective
value has to be entered with negative algebraic signs.

Depending on the problem, the term ,Recognizable distance before impact® can be
defined differently, for example as the distance of the pedestrian from the roadside
to the point of collision or from a position within the roadway (like a position 0,5 m
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away from the roadside or at the middle line marking). From this “Recognizable dis-
tance before impact®, the time the pedestrian needs for this distance is calculated,
the position of the vehicle at this time and finally the discernible hazard recognition
point for the driver of the vehicle. Based on this knowledge, experts could conclude
that the driver could or should have reacted in this moment and the required reaction
time can be computed. If the discernible distance is specified from the location of
the first sight, one has to reconsider what to include in the term “reaction time” (the
time needed to direct one’s view, etc.). The difference between the time the pedes-
trian needs and the time necessary for the build-up and brake phase until the colli-
sion yields the calculated reaction time.

Note: As soon as the program detects that the user has entered the minimum num-
ber of variables for pedestrian movement and calculated once, the internal calcula-
tion method will be locked in. From then on, the result fields will be grey and the
user will no longer be able to access to them. In order to reset the pedestrian move-

ment method, the user has to click the “Init” button!

Calculation of avoidance, right side:

Avoidance calculations are only done for the vehicle and not for the pedestrian. The
selected pedestrian on the right side is only a complement for the avoiding vehicle

in the movie.

On the top there are two options with which the user selects the point of danger
recognition that the avoidance calculations are going to use.

e The first option is a time-based method that uses the entered path of the
pedestrian from first becoming a potential danger to the impact. This is the
objectively required reaction time.

e The second option is distance-based. It uses the estimated reaction time of

the driver.

If there is a difference between the calculated reaction time (calculated from the
pedestrian movement) and the user-entered reaction time on the left side, we need
to consider the possibility of a late reaction of alternatively a longer braking distance

before the collision (even without tyre marks).
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The safety distance is:

e The distance between the stop position of the vehicle and the pedestrian
when using spatial avoidance.

e The distance between the movement line of the pedestrian and the vehicle
at the moment at which the pedestrian leaves the path of the vehicle.

Avoidance vehicle:

The bottom right side of the module contains 8 different calculations for avoidance
for the vehicle, using varying assumptions. If the avoiding speed is greater than the
maximum speed, the collision would have been avoidable (using those same crite-

ria).

The 8 options in this area do not influence the avoidance calculations, the buttons

only determine which method to transfer to the movie.

Usually, the temporal avoidance speed is greater than the spatial one when dealing
with short pedestrian missing distances (for leaving the path of the vehicle). Spatial
avoidance encompasses temporal avoidance and therefore the temporal avoidance
velocity cannot be lower than the spatial one. If both values are lower than the max-
imum speed, the crash could have been avoided by braking harder. The necessary

decelerations will be calculated.

If the calculated reaction time is longer than the predetermined one, we should con-
sider a late reaction and not use the (longer) calculated reaction time. The first var-
iants are for those considerations, giving both temporal and spatial avoidance for

both reaction times.

The bottom 4 variants consider accidents that are not avoidable using the defined
assumptions. In those cases, we can at least calculate the lowest possible collision
speeds. This can be useful when considering potentially less severe injuries. The
program also calculates the avoiding decelerations - it is up to the user to judge if

those are realistically applicable and would therefore avoid the accident.
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3.7.20.2 Involving Oncoming Traffic

(Icon: = ) Accidents with pedestrians are often caused by sight obstruction. The
reasons for the late recognizability can be static objects like trees, newsstands, etc.
or dynamic objects like a vehicle passing by. In many cases, the pedestrian enters
the road behind a passing vehicle or public transport service at a bus station. In
these cases, the objective visual range onto the pedestrian strongly depends on the
current constellation of place and time. Given that the relevant parameters are
known, the case can be solved mathematically. This module deals with a situation
in which the pedestrian enters the road from the left side and is hidden behind

oncoming traffic.

You can either calculate the ,Reaction time“ the driver has actually needed or
assume the permissible reaction time and compute the ,Initial“ and ,Final velocity*

(,Velocity before impact”). Two out of these three values have to be given.

B ' Pedestrian Accident : Matthias Schmidt —

X
Sight limitation (Oncoming . -m

Vehicle: 2 >
Initial velocity: 0,00 km/h calculated reakfion fime: 0,00 s Calculate
Build-up time: 0,00 ¢ Loc. 1. sight (bef. coll): 0,00 m
Deceleration: 0,00 my/s? Time 1. sight (bef. coll): 0,00 s
Collision velocity: 0,00 km/h Total dist.: 0,00 m

Variant with: |4 ¥ accept. reaktion 1.00 s  Final vel.: 0,00 km/h

Pedestrian: 1 >

Vel. 1: 0.00 km/h, Dist. 1: 0.00 m Total dist.: | 000
Vel. 2: 0.00 ymyn, 0.00 4 pathfrom | 900 m nit

Oncoming 3 > Aceleration: 0,00 my/s? Delete
Initial velocity: 0,00 km/h Speed limit: ‘ 0,00 km/h Graphic

fl:
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The reaction time starts with the beginning of the first sight and comprises the time
needed to direct one’s view and the time until the movement of the pedestrian be-

comes obvious.
Vehicle:

At least the ,Deceleration” has to be specified for the vehicle involved in the accident
as an average value of the entire braking process. Besides of the actually used
“Reaction time”, the position of the vehicle is calculated (i.e. the distance from the
place of collision) and the “Time 15t sight” as well as the “Total distance” the vehicle
covers from the moment the pedestrian enters the road until the collision. The “1st
sight” is given if the visual radius from the defined sitting position (distance from the
left side and from the front) to the middle of the pedestrian just passes by the rear
of the oncoming vehicle. It is assumed that the vehicle has a rectangular shape.
Necessary modifications can be made via the value “Distance pedestrian — rear of
the passing vehicle“. Only the distance of the pedestrian from the object causing the

sight obstruction is essential in this case.
Pedestrian:

The pedestrian’s velocity as well as the direction of movement have to be stated.
The direction of movement is inserted as an angle to the longitudinal axis of the

driving lane. Two different velocities may be specified.
"Velocity 1": Velocity of the pedestrian when starting off and covering ,Distance 1.

"Velocity 2": Velocity of the pedestrian after ,Distance 1“ up to standstill at the end

of the total distance respectively up to collision.
The velocity is changed in steps.

If the velocity remains unchanged, the value can either inserted as ,Velocity 1“ or

,Velocity 2“ and the ,Distance 1“ remains 0.

If a ,Side distance between the vehicles” is stated, the ,Total distance” is calculated
and vice versa. The “Total distance” of the pedestrian is the result of the side dis-
tance of the oncoming traffic to the roadside + the width of the oncoming traffic +

the side distance between the vehicles + the distance between the collision point
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and the left side of the vehicle involved in the accident, adjusted by the angle of the

pedestrian’s movement direction (divided by the cosine of the angle).

In a possible moment of standstill, the pedestrian could also attempt to turn back. In
this case, the time needed for this forward and backward movement is simply stated
as standstill period. From a mathematical point of view, the pedestrian is seen as a
point; hence, the visual radius should be positioned in the middle of the left side of
the body in the Movie. During the initialization of the vehicle, the program scans all
phases for the collision phase (if not existent after a Delta-V phase). In case no
collision or Delta-V phase is marked, the collision point of the first column is as-

sumed.

1... Distance to the passing vehicle

2... Side distance between the vehicles

3... Distance pedestrian — rear of the passing vehicle
4... Distance seat position — left side of the vehicle
5... Distance seat position - front

6... Distance collision point — left side

7... Direction (angle relative to street axis)

The sketch shows the oncoming traffic as green (upper) vehicle and the vehicle
involved in the accident as red (lower) vehicle. The pedestrian is shown twice, one

time behind the oncoming traffic when entering the road (upper position) and one
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time at the collision point (lower position). The oncoming traffic can move with or
without acceleration (resp. braking). The initial velocity relates to the time when the
pedestrian enters the road. If a velocity limit is specified, the vehicle accelerates
(resp. decelerates) up to this value and keeps driving with constant velocity. The
velocity of the oncoming traffic can also be O (parking vehicle at the left roadside)The
width of the oncoming traffic has to be given, otherwise it is set to 1,65 m.

3.7.20.3 Involving parking vehicle

(Icon: #) The calculations are analogous to the sight obstruction through oncoming
traffic. Instead of the side distance and the width of the oncoming traffic, the spatial

measures of the parking vehicle (green lower vehicle) have to be stated.

1 2

| ]
Sigm‘nmmrion (Parking vehicle) l

fotal ime/] 000 |

1... Distance seat position — left side of the vehicle
2... Distance collision point — left side of the vehicle
3... Distance seat position - front

4... Distance to the passing vehicle

5... Side distance between the vehicles

6... Distance pedestrian — rear of the passing vehicle
7... Direction (angle relative to street axis)
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3.7.204 Barrier method

(Icon: #2) The greatest challenge in pedestrian accidents is the localization of the
collision point. Kilhnel has developed a method to narrow down the potential colli-

sion area based on the traces of the accident as well as testimonies.

For the barrier method, all traces and testimonies shall be considered that limit the
collision velocity, collision location or both. Due to the various types of limitations,
the terms Distance barriers, Velocity barriers and Distance-velocity barriers are
used. The method is based on the idea that the limitations of the various traces of
the accident have to be fulfilled, hence, all existent barriers narrow down a certain

section in a distance-velocity diagram. The most commonly used barriers are:

e The throwing distance of the pedestrian or biker
e The braking parable of the vehicle

e The position of the first and last glass splinters

So-called additive barriers can emerge from testimonies, local pre-conditions as well
as the type and intensity of vehicle damages respectively the pedestrian’s injuries.
Based on the scale depiction of the accident, the distance-velocity curves for all
noted traces of the accident are marked. The curve shape can be determined with
the help of a curve regression from previously discussed diagrams.

When all curves are drawn and no contradictory statements have been made, you
derive at a solution area in which the collision must have taken place. You always
need to check if the premises for each and every barrier are adhered to, otherwise,
the indicated solution area could be wrong or too narrow. Moreover, the curved cuts
are often too flat, thus, already small shifts of the curve cause strong amendments
of the curve position. These factors have to be taken into consideration when inter-
preting the result.
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Figure: The principle of the Barrier Method [Kuhnel]

The module must be worked through in points 1-5.
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Barrier method : Matthias Schmidt

‘ 1. Positions

12. Barriers

|
|
13. Extra barriers ’
!

‘4th Check (throw distan,|

‘ 5th Check (Searle)

—Vehicle data - deceleration

|7,0— :’1,0— m/s?

— Throw distance pedestrian
[[] Global (Kiihnel)
D Deceleration (Kuhnel)

+ (1,0 km/h

[] After Rau / Otte / Schulz

km/h

+ (1,0 km/h

|
IGth Export ’
+[1.0
‘ AR ’ [] After Dettinger
‘ Calculate ’
1 Hoe ’ — Throw distance cyclists
[

4580 - |65,15 km/h

13,48 - |20,48 m

-1

om

-5m

0

20

10
S5m 10m

Distance [m]

"1. Positioning“:

Velocity [kmih]

15m 20m 25m

First select the vehicles concerned using the dropdown menu. Do not forget to load

the corresponding vehicle data in the vehicle data menu. With the button "Set" a

silhouette appears in the drawing window, which you can set to the desired position.

You must at least set the vehicle, person and collision location.

"2. Calculation™:

.Deceleration® and , Tolerance” of the vehicle have to be
indicated. Furthermore, at least one theory of restriction

must be chosen. Details of the theories can be found in

the technical manual

—Vehicle data - deceleration

7.0 =1(1,0 m/s?

— Throw distance pedestrian
[] Global (Kiihnel)
[[] Deceleration (Kihnel)

=(1,0 km/h

[] After Rau / Otte / Schulz

+(1,0 km/h

[] After Dettinger

+(1,0 km/h

—Throw distance cyclists

after Ritter, Krieg, et. al.

119



"3. Additional barriers":

Additional barriers, e.g. through splitters, can be taken into | [ Headiames - Main field
account here. If applicable, a method called ,Abwicklung®
can be used. An adequately large tolerance is recom- | Abwickiung

mended. A speed barrier can also be specified.

Throwing and sliding

O Minimum ’W m

® Medium 2253 m

O Maximum ,W m
Departure angle 5,00 %
Height difference

Center of gravity 100 2

Sliding deceleration 9,00 m/s?

Take-off speed 55,60 km/h

7

Throwing distance 9,37 m
Max. Throw height 0,09 m

Impact factor 0,80 0-1

Collision speed 58,67 km/h

"5. Control (Searle)™

A control calculation can be carried out here using Searle's

~ Splinter throwing distance

[] Front windscreen

[[] Headlamps - total field

—Abwicklung D

0,0 +10,0 cm

Car body constant

] Speed barrier

"4. Control (throwing dis-  wom [os © [00  kom

tance)™:

Here a control calculation can be carried out by means
of a throwing distance calculation. Please note that this
is an approximation. The calculation is only for personal

control and will not be transferred.

Throw and slide distance
O Minimum 2015 m
® Average 2355 m
theory. Please note that this is an approximation. The O Maximum [2698 m

calculation is only for personal control and is not transferred.

Coefficient of 0,80

Transport distance 0,80 m

The “transport distance” refers to the distance that the

vehicle transports the pedestrian. The “coefficient of friction”

Slide deceleration 7.85 m/s?
Mass of car 1300,0 kg

refers to the coefficient of friction of the person on the road.  Mass of person 900 kg

Collision speed
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Collision speed “6. EXport":

O Minimum 4580 km/h

® Average ss47 wm | Here you can select the desired minimum, medium or

O Madmum 6515 km/h | maximum variant for export. In addition, it must be se-

From the vehicle's perspective, the lected whether the pedestrian came from the left or right
pedestrian comes from

O left ® right of the vehicle direction before the collision. This is im-
et (Bt o8  0-1  nortant because the direction is needed for future pre-col-

lision phases. With the impact factor the deceleration of

the vehicle due to the collision is calculated.

IF mpeq
N P )
Vi v"*( 700 myoy

"Large diagram": Here the diagram can be displayed in a larger version. You can

move the frame to make the diagram larger or smaller.

3.7.21 Tracking analysis (backward collision analysis)

(Icon: >&) The tracking analysis respectively coasting analysis helps to determine

the deceleration during skidding, f.e. after a collision, in an easy and fast way.

B ! Tracking Analysis : Matthias Schmidt - X
. Transfer L =1 C linear [ o.00
Vehicle: - : i . 0 OK
ehicle 2 (e i 1 A= from phase: ! | Modei ® elliptic Initial velocity: i —
‘ W- 5 Partial Subtotal Head- s drawbar | Trailer Traller Help
Posiion | 9¥] . Y angle re= brake Dist. Time ing (=l angle  angle Fric- 8 e
[km/h]| [m] [m] degree tion | force [m] [s] | degree [km/h] | Degree Degree tion —
‘Endpos 0,00 o,oo\ 0,00 | 00| o080 0,00 o ‘ o | o.u‘ 0,0 0,0 0,0 ‘ 0,80 | 0,00 ﬂ Transfer deta
[ 0.00 000/ o000 00| o8| 000 = m| 00| 00 0,0 00 [ o080 [ o000 Calculate
{ 2 0,00 0,00 ‘ 0,00 | 0,0 ‘ 0,00 0,00 | o,o[ 0,0 0.0 | 0,0 ‘ 0,00 | 0,00 -
0.0 0,00 New position
‘ 3 0,00 o,uu‘ 0,00 | 0,0 ‘ 0,00 0,00 | u.o‘ 0,0 0,0 | 0,0 ‘ 0,00 | 0,00
0,0 ‘ 0,00 delete / paste
[ 4 000 o000 o000 00| o000| 000 [ oo[ oo 00| o0 |[ 000 o000 v More delal

When opening the coasting analysis, two positions of the predetermined vehicle are
placed at the zero point in the Movie. These positions have to be adjusted to the
concrete situation either with the mouse or via entering the correct numbers. Posi-
tion 0 has to be the final position, position 1 the second last, etc... The button “New
Positions” places additional positions at the zero point. Alternatively, new positions

can be created by moving the mouse to the desired place and pressing the key “p

or “P".
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Theory: The method is based on a unicycle model. The thinking behind is that the
distance of the focal point is divided into small partial distances (intervals), whereby
each interval point is defined by its X- and Y-coordinates in a Cartesian coordinate
system. A line (spline) is then positioned along the defined points. The distance
results from the numerical integration over this distance. The course angle is calcu-
lated in each point with the angular symmetrical line between the directions of the
two neighbouring points ( = direction of the spline’s tangent). For the first and last
point, no angular symmetrical line can be calculated because only one neighbouring
point is existent in this case. Hence, the same angular deviation between the angu-
lar symmetrical line and direction between the neighbouring points is used. The de-
celeration in every curve point is calculated with the side slip angle. The change of
velocity and the time needed for each interval are determined based on the formulas
of a buildup phase. It is not absolutely necessary to fix the passage of the side slip
angle through 0°, 90°, 180° and 270° with a curve angle. The program takes this
passage into consideration by mathematically dividing the interval in two sections.
For example: If the side slip angle of an interval increases from 80 to 100°, the same
deceleration can be expected for both 80 and 100°. However, the deceleration
reaches a maximum value of 90° in-between and decreases afterwards. Hence, a
buildup phase from 80 to 90° and afterwards from 90 to 100° have to be calculated.
The program automatically computes approximate values for the user, whereby ac-

curacy increases if a position close to the passage is chosen.

The minimum value mathematically used for deceleration is 0.01 m/s2. Data of track-
ing analysis is saved in a separate data set. The calculation results can be trans-
ferred to the main data set. The movement sections are not defined for each interval,
but are independent from the number of intervals. In order to ensure that the final
velocity, the initial velocity, the total distance and the total time are transferred cor-
rectly, only two sections are established. It is not possible to insert too much input
data. The total distance is separated into two parts of equal size, then the average
deceleration and the velocity in the middle of the distance are calculated for each

half. As a next step, the results are transferred to the two chosen sections.

Description of input fields:
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"No. of":

"Model":
"Position":

"dv':

X" & "y":
"Yaw angle":

"Friction ()"

"Partial brake
force™
"Distance™:
"Time":
"Heading":

"Vel.":

"Drawbar angle":

"Trailer angle™:

"Friction":
"TB":

Calculation number of tracking analysis. For each vehicle, up to 16
different calculations can be conducted and saved.

Selection of calculation model: Elliptical or linear.

Interval number. The input is expected to start from the end; hence,
the number O indicates the end of the movement.

Speed level at the end of the interval, if existent. For example, the
vehicle could touch the pavement and loose velocity thereof.
Cartesian coordinates

Yaw angle of the vehicle at the end of the interval

Friction (coefficient of friction) in the interval. pu multiplied with g (9,81
m/s?) results in the maximum deceleration in longitudinal direction.
The size is used for the deceleration that results from the partial brake
force.

The transverse deceleration is calculated by multiplying the value
with the ratio friction transverse : longitudinal. This ratio is editable at
the geometrical data.

Based on the friction, the partial brake force and a possible ascent or
descent, the deceleration is computed.

If the value remains 0, the value of the previous interval is assumed.
Proportion of the deceleration compared to a block deceleration,
when the side slip angle equals 0 degrees.

Subtotal of distance = distance to the end

Subtotal of time = time to the end

Calculated angle at the respective point

Velocity at the beginning of the respective interval

Angle between the towing vehicle and the drawbar (only for trailers)
Angle between the trailer and the drawbar resp. The angle between
the towing vehicle and the semitrailer

Friction of the trailer (semitrailer)

Partial brake force of the trailer (semitrailer)

As illustrated above, the tracking analysis can also be conducted for vehicles with

trailers. In order to do so, the partial brake force and the friction have to be defined

for the trailer as well. The positioning has to be done graphically. The influence of

the trailer is only taken into consideration in the longitudinal direction of movement.
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Examples for the partial brake force (reference values):

State of wheels Partial  brake
force

Wheels rolling freely 0,01-0,1

1 vacuum wheel 0,15

1 wheel jammed 0,25

2 vacuum wheels 0,3

Partial braking on 2 wheels, or 2 wheels jammed on the same side up 0,5

Both front wheels jammed 0,5-0,6

4 wheels blocked 1,0

Procedure: With your mouse, catch the vehicle at the coordinate origin and shift it
to the final position. Switch to rotation mode. Catch the vehicle on a corner and
rotate it to the desired position. In case the pivot is not positioned correctly, you can
shift it. Afterwards, the position can be fine-tuned in the respective input field. Now
shift the second vehicle to the desired position and rotate it. Further positions are

added with the button “New position”.

If all desired positions have been defined one after the other, the friction values and
the partial brake force have to be added for the intervals. As a default value of fric-

tion, the pre-set value defined under “Options/Settings/General® is assumed.

Push the ,Calculate” button to start computations. As a first step, distances, veloci-
ties, etc. as well as the track of the centre of gravity and the course of the yaw angle
are stated. The vehicle’s skid can be viewed in the Movie. If a correction is neces-
sary, you can either change the input in the row relating to this position or you select
the vehicle in the desired position in the Movie and correct the position with the

mouse or cursor button.

"More detail": Further results can be investigated here.

No Interval number

dx X- component of the interval
dy Y- component of the interval
ds Length of the interval
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Yaw velocity Yaw velocity at the respective point

Side slip angle Average side slip angle in the interval
Deceleration Average deceleration in the interval
B ' Tracking Analysis — X
s . dy . - vglcc])gify Sﬁ/éeon value of Close
Deceleration
[m] [m] [m] [s] [°/s] | angle Help
° [ o0 |[ 00 0.0 0.0 >0 [ 00 ||
! [ o0 |[ 00 } 0.0 } 0.0 :Z [ 00 ||
g [ o0 [ 00 [ oo oo 0'0 IEEEE
: [ o0 |[ 00 [ o0 [ oo ' [ 00 [ o0
‘ U e =

Attention: The results have to be examined critically, as deviations of several km/h
are possible depending on the velocity range. The precision of calculations depends

on the correct estimation of the friction value and the partial brake force.

A patrtial brake force has to be set for vacuum wheels, whereby the cornering force
in the friction value has to be taken into consideration. If a vehicle loses its ground
contact temporarily, it has to be taken into account for the friction value as well. For
a vehicle sliding along its roof, it is recommendable to set the partial brake force to

1 and to adapt the friction value according to the friction between roof and road.

Tip: Rolling vehicle: If a vehicle with smashed wheels moves into its final position,
consider that the arched movement might cause a side slip angle with a mathemat-
ical deceleration that is probably too big. Compensate this error by adding a low
friction value. The average friction value in the respective interval serves as a good

reference point and control mechanism (“more details”).

Partial brake force — Example: Area 1 is characterized by a friction value of 0,8, area
2 has a friction value of 0,2. A new position has to be defined both at the position at

which the vehicle leaves area 1 as well as at the position in area 2 at which the
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vehicle has reached the low friction value. Between these two positions, the decel-

eration can decrease then.

If a backward analysis is conducted, the tracking analysis for two vehicles can be
opened simultaneously. This allows you to adjust the collision positions of the vehi-

cles more precisely.

After finishing the tracking analysis, the collision analysis can be opened next. The
question whether the tracking shall be imported needs to be answered with “Yes”.
Before starting with the calculations, the tangent has to be adjusted and possibly a

deformation has to be set.

If a value is changed in the tracking analysis while the collision analysis is open, the

calculation in the collision analysis is automatically updated.

3.7.22 Collision analysis backwards

You can directly call up the collision analysis backwards from track tracking. Here

you can choose between the EES backward and the impulse backward method.

"Momentum backwards": After the coasting coasting analysis (tracking analysis),
the results are transferred to the impact analysis and the program automatically
switches to ,Momentum backwards®. This means that the solution is primarily inves-

tigated by applying the principle of linear momentum.

"EES backwards": Analogously to the procedure of ,Momentum backwards®, this
option is used if the direction of the initial momentum is substituted by the equation
defining the law of conservation of energy. With this calculation option, the course

angle of one vehicle before the collision is required.

Comparison of the required input parameters Momentum/EES backwards:

Momentum backw. | EES backwards
Vehicle 1
Direction momentum after collision + +
Absolute value momentum after collision + +
Direction momentum before collision +
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Absolute value momentum before collision

Spin after collision + +
Spin before collision + +
EES-value +*
Vehicle 2

Direction momentum after collision + +
Absolute value momentum after collision + +
Direction momentum before collision + +

Absolute value momentum before collision

Spin after collision + %
Spin before collision + +
EES-value +

* . ... can also be calculated with the structural formula

** .. can be calculated iteratively from the calculated pre-impact data.

Since the track tracing positions have a large influence on the calculation result in a
backward analysis, the track tracing remains open during the calculation process. If
tracking positions are changed, the result is calculated directly into the collision anal-

ysis mask and the result of the total calculation is displayed.

In the backward analysis, the k-factor and the coefficient of friction are calculation
results and therefore serve as control parameters. If the values have an untypical
behavior, they are highlighted in red in the mask. This is intended as an aid, but
does not necessarily mean that the calculation is wrong just because a value is
highlighted in red.

3.7.23 Kinematic data

(Icon: &%) The described possibilities of the backward analysis are still limited, as
they depend on the availability of tracks. In contrast, the forward analysis with its
mathematical model offers a universal procedure. Various driving and skidding
movements of quadricycles (f.e. skidding and coasting, acceleration and braking,
steady-state circular tests, braking in curves, etc.) can be calculated. The validity of
these computations depends on the mathematical method applied to the analysis.
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Procedure: The mathematical model is started at an arbitrary position of a fixed co-
ordinate system with pre-set base values. It moves in defined time intervals under
consideration of external forces (wheel forces, wind, incline). The wheel forces and
the underlying wheel characteristics are most important in this procedure. Mathe-
matical substitute models can be found in large numbers and with varying level of
detailedness. The complete simulation of a driving manoeuvre requires many input
sizes which all have to be determined correctly before the start. In order not to over-
exert the user, certain compromises have to be found. Hence, parameters with only
a limited impact on the movement are more or less neglected. Based on these sim-
plifications, an expert can decide whether the model is applicable to a certain situa-

tion or not.
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.- v O
Open the mask for collision analysis
Contact area

Movement vector

Velocity vector before impact

Velocity vector after impact

Basic data

Show coordinates during the simulation

Show diagrams

© 0 N o g b~ wWwDdPRE

Show sensor signals
10.Show Delta —t position
11.Show skid marks

12. Stroboscopic depiction
13.Recording function
14.Movie Options
15.Cancel

Attention: The window of kinematic data cannot be cancelled during a sequence.

Hence, the button is not active during that time. Please do not try to close the window
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during a sequence with the X button on the right upper corner, as this would provoke

a program crash.

6

7 8 9 10 11

0,000s  Sekundére Koll. Nr: |z| 0 E| |:|

Positions the vehicle at the beginning

Slider (after pressing ,Record”) and positions the vehicle 1 ms further

Positions the vehicle at the end of the sequence

Shows the simulation time starting with the begin of the sequence

1 2 3 4 5
[© E2 I
1.
2.
3. Start Movie
4. Stop Movie
5.
6.
7. Calculation a secondary collision
8. Selection of a secondary collision
9.

Deletion of a chosen secondary collision

10. Export into the kinematics (after pressing “Record”)

11. Activating/Deactivating vehicles

Q) "Basic data": The start values for the simulation are entered here. If the vehicle

is rotated in the graphics, the course angle rotates in a parallel way as well. In case

this is not intended, the desired value can be inserted at the basic data.

000 "Coordinate data": When turned ON, a window with the values of the activated

vehicles is displayed.

Simulation Data

T from beg.

b= 0,248 s

/eh| s (m) | v(km/h) (km/h) a Om (°/s)| Nue |Nue'(°) | Pitch(?) | Roll() |[Slip (%)

1 3.71 30,00 29,39 -0,38 0,00 0,00 0,00 0,00 -0,13 0,00 0,00

S Covered distance aq Lateral acceleration
% Initial velocity Om Yaw velocity
V' Current velocity Nue Initial yaw angle
a Total acceleration Nue' Current yaw angle

Nick Pitch angle Wank Roll angle
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s "Diagrams™: The curves can be turned on and off separately or in blocks of

velocity, acceleration, angle, etc.

L~ “curve selection™: The diagrams of only one vehicle can be shown at a time.
The selection is divided into blocks. If a certain button is selected, f.e. the one next
to velocity, all diagrams except the ones of the three velocities are deactivated and

only these three displayed.

"Total" indicates the velocity of the centre of gravity.

"Longitudinal” indicates the velocity in longitudinal direction of the vehicle.
“Lateral" indicates the velocity in lateral direction

You can create various combinations of diagrams by clicking on the respective
boxes on the left. Use the button “+Koll”, if you would like to view the acceleration
caused by collision. The change of selection will come into effect when you close

the diagrams and open it the next time.
[ Ruler ON/OFF

[ "Close"

W™ "Sensor data": Shows the measured data of the sensor.

At dt — Position™: Displays the position of all activated vehicles at a point in time
that has to be defined under ,Settings®. If the time is greater than the total sequence,
the end position is depicted. The data is automatically updated when values of the

vehicles are changed.

2 skid marks™: Activate/Deactivate the display of skid marks here.

S

"Stroboscopic depiction”: Separate sequence positions from all activated vehi-
cles in the predetermined time interval (,Interval for intermediate position”) are de-
picted. The stroboscope can be switched on or off for single vehicles in the settings

of the respective vehicle.

® "Record": After the calculations for the collision analysis are completed, the re-

sults can be exported to the cinematics section. Having pressed the button, the

130



slider appearing to the left of the “Play” button may be used to control the temporal
position of the depiction. Furthermore, the “Export” button is enabled and allows to

export the data to the cinematics section.

¢ "Movie options": A precise description can be found in the chapter ,Impact anal-

ysis®.

[ "Cancel".

3.7.24 Collision analysis forward

(Icon: Dﬂ) The collision analysis in the momentum forward method is used to calcu-
late collisions by varying the input parameters. You can choose between three op-
tions of the dialogue window. The large window contains all relevant variables, the
middle one was reduced by the structural data and control parameters. However,
additional data can be displayed via the newly implemented dialogue box "Parame-

ters". The small mask contains only the most important collision data.

A drop-down menu in the module allows you to choose between the 3 types. The

default dialogue can be defined under "Options" - "Settings" - "Collision".

As a basic setting, section number 3 is suggested, which would make it possible to
define a coasting in sections 1 and 2, for example via an export to tracking analysis.
During the export, the program checks whether the section number is big enough
and automatically corrects it if necessary. If secondary collisions with other vehicles
take place during coasting, further collisions have to be transferred to the main data
set and in each case two sections need to be available in-between for tracking anal-

ysis.

"Momentum forwards": The coefficient of friction required for a stictional vibration is
calculated. If this value is smaller than the input value, a stictional vibration is com-
puted, otherwise an impact with slipping off is assumed. A stictional vibration is de-
fined as an impact for which the components of the contact point velocities parallel

to the tangent are of equal size after the impact. As a precondition, no restitution in
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the direction of the tangent may take place. Hence, the tangent has to orientate itself
in a way that the deformation points to the direction of the normal of the impact. In
case a restitution has taken place in the direction of the tangent as well, it can be
considered with the size “kt”. “Kt” is expressed as a percentage; 0% indicates no

restitution in the direction of the tangent, 100% indicates a restitution of equal size

in both the direction of the tangent and the normal.

. B! Collision Analysis : Matthias Schmidt - X
3.7.24.1 Small dialogue
vven:[1 =] [2 = OK
. . Data —> Phase no: |.'i b ‘ 3 - Cancel
The small dialogue mask comprises the | reimpact ceta i
Col. km/m[ 294+ 00 00+ 00 [ESoTPR
most essential parameters for impact sefup Jrom-to: [ 00- 00 [ 00 -7 00 [ Sheckcontoct
. Dir.angle: ° | 00 + ‘ﬁ 0,0 LIT,U Col.No |0 =
analysis. Control parameter can be | sponge: oo [ oo [ Swoctwe |
. « Yaw vel.: Deg/s ‘ 0 0 -
viewed under ,Parameter‘. There are | . ..o "
] ] EES-Valuekm/h [ 00+ 00 00 + 00 Impact P.
no mathematical differences between | ieveram: m a2 2,000
. ) Direction angle: Deg. 180,0 -90,0
the calculations in the small and large mpactheight: [ 0,08 m
. Deform.: cm 00 ( 00) 00( 00)
dlalogue maSk- Struct. integr.: kKN/m ‘ o 0
Vel.change: km/h [ 0,0 + 00 00+ 00
mean dec.: my/s? 0,0 0,0
3.7.24.2 Largedialogue t l_nmsc;ev 00 + 00 0,00 + 0,00
Tangent: ° [ 00+ 00 050 + 0,0
ki: \ 0% u calc.: 0,00
"Restitution proportional to mass": For | awen 00+ 00[<>/k [ 000+ 00
. Coasting data
the structural calculations, you can setup_| Import [ import
i i i Vel.: kmi/h 0,0 t‘ 0,0 0.0 t; 0.0
switch between a restitution propor- | som-io: o0 -[ 00 o0 -[ 00
. . Dr.angle:  ° 00 00 00+ 00 Caleulate
tional or non-proportional to mass: Yawvel: s 5.0 5+ 0
indicated: Deg/s 0 0 Delete
"Restitution proportional to mass™: 3 out | gt OcGaviy  ® Mdpoint Help

of the 6 values (2 EES values, 2 deformations and 2 structural stiffness values,

subsequently called “structure items”) have to be given. For the calculation of the

principle of linear momentum (forward and backward) the sum of the deformation

energy is calculated and the EES values are allocated based on the structural for-

mula. Consequently, deformation energy is classified as a given value and only two

further values are required.

"Structure": This button loads a mask for the definition of structure.

"Init": Initialize the structural calculations.
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“Imp. P.": The position of the impact point and the tangent can be calculated here.
For these calculations, the tangent is positioned Y
parallel to the points of intersections of the chas- T o 1

sis. The ratio between the stiffness levels indi- >

<

520

~ 25

S

cated in the kinematic data section is taken into
consideration, The impact point can be found in

the middle of the enclosed area for vehicles with | . ‘ A
v

an equal level of stiffness, otherwise it is shifted ' — R,

to the softer vehicle. Y

Attention: The calculation is only possible in the sketch depiction, but not in the DXF
depiction. The DXF depiction needs to be deactivated for the determination of the
impact point and the automatic calculation of secondary collisions.

It is advisable to consider the calculation as a suggestion subject to verification and
possibly correction. You can select to depict the vehicles with deformations after the
collision. The vehicles are deformed along the contact tangent. Note that this option
is only available in sketch mode, but not in DXF depiction. The advantage of defor-

mation is the determination of the impact point for subsequent collisions.

The second block is dedicated to pre-impact data. The field in which you enter data
first functions as an input field, the other one as a calculation field. Pressing the
button “Init” releases the blocked calculation fields and makes a new input possible.

"Coll. speed": Collision speed with regard to the middle of the vehicle. The conver-

sion to the centre of gravity is done automatically.
"Direction": Direction of the vector of the collision velocity

"Slip angle": Deviation of the direction of the vehicle’s longitudinal axis (yaw angle)

from the course angle.
"Omega": Yaw angle, indicates the angular velocity of a potential vehicle rotation.

If the course angle or the slip angle is changed, the yaw angle changes as well. The
resulting rotation of the vehicle is done around the impact point in order to preserve

the lever arm and the direction angle. The position of the centre of gravity changes.
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In the input mask for basic data you can add the values for the collision velocity, the
course angle, the yaw angle as well as the coordinates of the centre of gravity. All
values relate to the centre of gravity here. If the course angle or the yaw angle is
changed, the vehicle needs to rotate around the centre of gravity. In this case, a

correction of the impact point might be necessary.

The third block serves the input of ,Impact data“ as well as the depiction of control

parameters.

"EES value": Energy Equivalent Speed.
"Lever arm®: Distance between the defined impact point and the centre of gravity.

"Angle": Angle between the vector from the centre of gravity to the impact point and
the direction of the vehicle’s longitudinal axis (yaw angle). The front centre is posi-

tioned at 0°. Points to the left are positive, points to the right are negative.

"Contact height": Height of the impact point above the ground. If the value is 0, the
impact is calculated 2-dimensional and the contact height remains unconsidered.

"Deform.":  Permanent deformation equivalent to energy speed. The dynamic de-
formation is stated in brackets.

"Stiffness": Average value of structural stiffness of the deformed area. From a math-
ematical point of view, it is the slope of the approximate line in the force-distance-

curve.

"delta v": The absolute value of the change of the velocity vector before — after the
impact. This item does not have to be equal to the difference between collision ve-

locity and coasting velocity.
"Mean dec.": Mean deceleration caused by collision

"t (coll)": Duration of the collision in milliseconds. The impact duration is not trans-

ferred for secondary collisions.

"GeV": This control parameter provides information on the type of impact. Central
impacts without slipping are usually characterized by a value between 0.75 and 1.2.

Impacts with slipping usually show a value below 0.75.
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"Tangent": Direction of the defined contact plane at the impact point.

"kt": k-factor in the tangent direction. The value is indicated as a % of the k-factor
(0 —100%). 0% means that no restitution takes place in the direction of the tangent,

100% implies a restitution to the same extent as in the direction of the normal.

"W": Limit to the coefficient of friction (= tangent of the maximum allowable angle

between impact normal and impact drive).

"l calc.": Actual (calculated) coefficient of friction (= tangent of the actual angle be-
tween impact normal and impact drive). "u calculated" is always smaller or equal to

the limit to the coefficient of friction.

"dvBn"": This abbreviation stands for the difference of the velocities of the impact
plane in direction of the impact normal. Usual values range between 5 + 3 km/h. The
values previously observed for passenger cars/passenger car collisions range be-
tween 0 and 12 km/h.

"k.": The k-factor (,impact figure“) provides information on the degree of deformation
recovery and has to range between 0 and 1. Among other factors, it depends on the

value of dvBn'.

Tip: Either k or dvBn' can be inserted for the calculation mode ,Momentum for-

wards®.

The fourth block is dedicated to coasting data, i.e. post-impact data.

“Import": A click on these two buttons imports data of tracking analysis (coasting

analysis) for the respective vehicle.

"Velocity": Velocity immediately after the collision (middle points of the vertical wheel
force) = Point linked to the driving line. This value is also imported for the tracking

analysis.)
"Direction™: Direction of the vector of velocity (centre)
"Yaw velocity": Angular velocity (value from tracking analysis)

"Induced": Induced (calculated) angular velocity

135




"referring to: C.G. (= centre of gravity)": Displays the velocities and directions of the
centre of gravity, i.e. the values referring to the centre of gravity.

"referring to: midpoint": Displays the velocities and directions of the vehicle’s mid-
point. This is because the velocity of the midpoint is needed for kinematics. The
value can be determined with tracking analysis, whereas for the collision analysis
the velocity of the centre of gravity is required. The calculations in the collision anal-
ysis are always conducted with the values referring to the centre of gravity. Whether
the values referring to the centre of gravity or to the midpoint are displayed is saved
in the Registry as a default setting for new reports.

You can specify a band width for several input fields. For calculations, the input
value is impinged with the band width positively as well as negatively. Then, all pos-
sible combinations are computed. After each calculation, the program checks
whether the k value can be found within the valid area (0<k<1) and if the coefficient

of friction is physically possible. If not, the result is ignored.

After a coasting analysis (tracking analysis) has been conducted, the results are
transferred to collision analysis and the calculation mode is automatically set to ,Mo-
mentum backwards®. In case you want to work with ,EES backwards®, you have to
switch to it manually. As the yaw angles of the vehicles are known from tracking
analysis and can, hence, be assumed as determined, the items course angle and

side slip angle before the collision depend on each other:
Yaw angle = course angle + side slip angle

If one of the two items course angle or side slip angle is amended, the other auto-
matically changes as well to keep the yaw angle constant. This correction only takes
place if the data have been imported from tracking analysis.
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3.7.24.3 Setup

In the ”Setup“ menu you can deter- Calculate Collision Analysis Limits : Matthias Schmidt X
Veh, 1 2
mine an allowable range for the EES | Voo som| 66 10 [ 65 rom 85 1 [ @5 o
speed  (km/h) from | 624 1o \ 62,4 tmm\ 00 Io | 0,0
values, the coefficient of friction and | oecen o fom [760 to [0 fem[ 60 o [ 80
Possible range
the k Value_ Based on these Values’ O Yawvelocity (/s from [ Do to [ 0.0 fom[ 00 to [ 00
O struc. Integr. from| 200 fo[ 1400 ron| 200 fo 1400
a tolerance zone for the pre-impact | o i rom a0 1o [ 1000
. O « value: from|[ 0,00 fo [ 1.00 Calculate
data (for backward calculations) | oo wom| 00 1o | 100
. Data afferimpact: calculated tolerance range e
resp Coastlng data (for fOrWard Cal- Data set for the min. - max. collision speed: | 2
Speed (km/h) from[ 0,0 fio \ 0,0 rmm\ 00 Io | 0,0
H H Direction angle from| 00 to m Iram’T,ﬂ to m
culations) is computed. At the same | *"=>" = " 58 roTo8 v [T8B
tlme’ a poss|b|e area for the |nput min - max spesd affer impact n fhe examined area:
Speed {km/h) Min:[ 0.0 Max:[ 00 Min: [ 0,0 Max [ 00
data is created: This calculation, | i s o et oemnce onoe
Data before impact
which is quite useful for the adaption | == "ﬁ [os
to control parameters, divides the | ™™ ™ : N L
angen 1 pply
tolerance areas defined in the colli- |*277 — —
i i ) ) Direction 1): [ o0 0.0
sion analysis mask in intervals and | vow ey [ -

conducts a variation of all possible input combinations. The number of intervals can
be defined by the user. The higher the number of intervals, the more calculations

are carried out.

Tip: In case you find no solution and initiate a high number of variations, AnalyzerPro
might need some minutes for calculating! You can cancel the calculations anytime
with the “Esc” button.

Under the section Coasting analysis in the collision analysis window, you specify
the area in which solutions shall be searched for; the setup window shows the area

that fulfils all conditions.

"Data after impact: calculated tolerance range": Two velocity ranges are displayed
for coasting. The first row in this section, “Speed from — to“, states the values of the
coasting movement which lead to the smallest resp. largest calculated collision ve-
locity. The section ,min — max speed after impact in the examined area“ shows the
smallest resp. largest possible values within the specified tolerance area with all
fulfilled conditions. The input of these values for the collision analysis does not nec-

essarily result in the smallest resp. largest possible value of collision speed.
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"Analysis backwards: closest result in tolerance range®: Deals with impact optimiza-
tion. The program calculates the values for the pre-impact and post-impact data
which are within the band width, fulfil all conditions and are closest to the input data.
Subsequently, you may calculate the post-impact data within the possible band

width in the tracking analysis anew and import them into the collision analysis.

The input values can be transferred to the collision analysis with the button ,Apply*“.
In case a tracking analysis was conducted previously, the actual correction of coast-
ing data has to be done there to ensure that data of the tracking analysis and of the

collision analysis harmonize with each other.

3.7.24.4 Flowchart and problem-solving

Basically, no coasting analysis can be conducted with 100% precision. Therefore,
various control parameters of the collision analysis are needed to detect the need
for possible amendments in the coasting analysis. All amendments have to align

with the track record and possible coefficients of friction.

OK -> Finish

iy

Coasting analysis > Collision analysis > Check parameters

i | &

Frequent error messages:

k value too big:

Von1' tOO big Von2' t00 small

Possible solutions:

Reduce v4' (if EES value too high) Increase v;' (if EES value too small)
Coasting direction 2 flatter Coasting direction 2 flatter
Reduce yaw velocity 1 Increase yaw velocity 2
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k value too small: reverse process

M value too big

Vb1’ 100 big Vor2' t00 small

Possible solutions

Reduce v4' (if EES value too high) Increase v;' (if EES value too small)
Coasting direction 1 steeper Coasting direction 2 flatter
Reduce yaw velocity 1 Increase yaw velocity 2
Rotate tangent Rotate tangent

Tip: If you want to receive an amendment proposal, switch to forward calculation,
insert the target figures for the k factor and the coefficient of friction there and con-
duct a calculation with this value. The results of the coasting analysis give you a hint

on what to change.

3.7.24.5 Secondary collision

Sekunddare Koll. IE| Nr: E| 0 E| |:|

"Secondary collision" (Dﬂ): If you stop the sequence at the moment of a secondary
collision, you can initialize a second collision by clicking on this button. Given that
the same vehicles are involved, only the contact point the tangent, the coefficient of
friction and the k value have to be defined. As collision velocities and directions are
assumed from the sequence, the respective fields remain blocked. If a third vehicle
is involved in the secondary collision, the respective vehicle number has to be set
and the collision number needs to be increased. Otherwise, existing data in the main

data set is overwritten with secondary collision data.

B 0 E: You can switch between the secondary collisions with this button.

"Delete” (): Deletes secondary collisions. Activate resp. deactivate vehicles

with the numbers bar next to it.
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"Export": Export the simulation to kinematics and transfer the data to the main data
set. The section numbers for the main data set are automatically allocated by Ana-
lyzerPro; kinematic data of the coasting movement and the collision is loaded ac-

cordingly.

Attention: As the data of tracking analysis in the main data set cannot be calculated
with a constant deceleration, two sections have to be transferred. A full consistency
with the simulation is impossible, however, the movement itself as well as the aver-
age deceleration calculated from the simulation are loaded. Even for collision anal-
ysis, data can be exported into tracking analysis in backwards calculation. If data
from tracking analysis is existent, the program overwrites it — of course after having

asked for permission.

3.7.24.6 Coasting simulation

"Mid position after": Calculated posi- " o9 simulaton B :

. . . Time interval

tion of the vehicle after the defined  wid position after 10,000 2 oK

time. If the value is big enough, the fj-  StePoscopeintenat dhd < Cancel
Slow motion: | 5 -fold Help

nal position is displayed.

Simulation time

after impact: 10,0 s

"Stroboscope interval: Interval for

Crash detection

the stroboscopic depiction. Crash detection

Penetration time (from first contact ms)

n H n = P 75 = . 50
Slow motion": Value range from 1 V"V Veh - Obstacle

(fast) to 100 (slow).

Penetration time(Partial collision, k<0): 15 ms

Auto calculation of secondary collisions

< >

"Simulation time after impact": Dura- o [ [2 [3 [4 [5 [s

tion of sequence. If the value is big k-values =0
0,00 0,00 000 000 000 000 0,00

enough, the final position is depicted.
Friction -0

" — . 0,50 | 0,50 | 0,50 | 0,50 0,50 | 0,50 0,50
Crash detection": Activates the auto-

. . Deform outline
matic crash detection.

[[] Continue path tracing

"Penetration depth (first contact ms)": Time frame from the first contact to the de-

fined collision time (which should be the time of maximum impact force). The value
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is used if “crash detection” finds a new vehicle resp. obstacle and switches to a

different vehicle and collision number.

"Penetration time (Partial collision, k<0): Time frame from the first contact to the
defined collision point for secondary collisions. The time frame may be shorter if the
collision is divided into partial collisions, then the sequence of the k factors has to
be defined accordingly. At the beginning of the collision, the k factor should be neg-
ative so that the vehicles can penetrate each other further; towards the end of the

collision, the value must become positive again.

"Auto calculation of secondary collisions": Calculates possible secondary collisions
simultaneously to the simulation sequence. During the sequence of the simulation,
the program also investigates whether the respective vehicle overlaps with other
vehicles. If yes, it examines after the sequence of the defined penetration time
whether the vehicles penetrate each other further, and if this is again the case, a
collision is calculated. The position of the impact point and the orientation of the
tangent is then calculated. The subsequent collision analysis takes into considera-
tion the k factor defined for the respective secondary collision as well as the coeffi-

cient of friction.

3.7.25 Automatic Collision Analysis

(Icon: @) This module performs the collision analysis in forward direction automat-

ically. The task of the user is to

define the framework condi- *'

tions, the underlying algorithm 1. specify coliisi it 4 £ -
y g g ‘1 Specify collision positions o 5 5 =
then outputs the optimal solu- 2 speciy end positions phase: B ~|B ~|F ~]

tions for the given problem. 3 enter parameters Help |
Menu items 1 - 3 define the 4 calculate Cancel
framework conditions for the op- ‘S.Result oK

timization process, item 4 starts

the calculation process and under item 5 the results can be viewed and transferred.

The third vehicle can be selected as a stationary obstacle.

1. Specify collision positions

141



If you click on this submenu, 2 (resp. 3) vehicles and the impact tangent appear.
The vehicles must now be moved to the corresponding collision position at the time
of force transfer. The overlapping area is highlighted in blue and the impact tangent
is automatically positioned in the middle of the overlap. If available, the stationary

obstacle must also be moved to its position.

Set collision positions : Matthias Schmidt X

Position the vehicles at the point of deepest penetration.

Finished Cancel

2. Specify end positions

Here, the appearing vehicle silhouettes Y
must be moved to the end positions. W, 5

3. Enter parameters

In this menu, parameters can be set or

defined as variable. You can either se-

lect fixed values or specify ranges, ‘ K
within which variation is required. If the / / > /
impact point is varied, this is always / o

done within the overlap specified at the N4

beginning. Furthermore, it is possible to define an area for the collision if the exact
collision location is not known. The relative positions of the vehicles to each other

can be varied via the relative positions.

Under "Other parameters”, time-dependent parameters can be defined and the co-
efficient of friction and k-factor for secondary collisions can be varied.
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B ' Optimization parameters : Matthias Schmidt X

Vary values or take fixed value

Tangent [ | Determine or vary
collision location [¥] Det. or range O
k-factor 0,05 - 10,30 O |o.10
Coefficient of friction Vehicle/Vehicle 0,2 - iO,B 0,5
Impact point height 0,20 - 10,80 O [0,00
Vehicle A Vehicle B
Speed 10,0 - [100,0 O (500 km/h 10,0 - [100,0 O [s00 km/h
Brake pedal 10 - |90 [ [eo % \10 - 90 0 [so %
Steering wheel -30 - [30 0 s -30 - [30 o
Slip angle: -30 = ‘30 0 ‘-30 - [30 0
Yaw rate: 30 - [30 0 Deg/s  [-30 - [30 0 Deg./s
Relative positions 2
= - = p—lo==n,

Deviation in long. axis [ =+ |0 cm [ + |0 cm I {—} >
Deviation in lat. axis + |0 cm [ =
Deviation collision angle + [0 | - +

\__J
Vehicle C brake pedal |30 %

Other parameters Cancel

4. Calculate

As soon as this button is pressed, the calculation process starts. The results are
indicated with their corresponding qualities. The best possible quality for a calcula-
tion is 100. In range 1 the calculation is aborted prematurely if at least a quality of
80 has been reached, in range 2 if a quality of 99 has been reached. Depending on
the number of parameters to be varied and the computing power of the computer,
the computing time may vary. The calculation can be aborted at any time whereby
results that have already been determined can then be used immediately. When all

10 calculations have been performed, window 5 appears automatically.

5. Result
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Here all determined results are output with the respective quality. If the respective
result is selected, the determined end position (and if necessary the collision posi-
tion) appears in Movie View. By clicking on "Transfer" the calculation is transferred

to the collision analysis and the main data mask.

Result of the calculation : Matthias Schmidt

[— g:‘ Results 1st round: EESA EESB Choice
Quality:98.9 v1:58.75 v2:60.07 a1:39.39 a2:65.84 k:0.1 TWi:13.16 KP 25,7 30,8 Q

Pooe
| | Quality:97.3 v1:60.14 v2:60.81 al:48.62 a2:81.82 k:0.13 TWi:15.15 KI [260 [31,1

Quality:99.1 v1:60.31 v2:54.39 a1:38.69 a2:32.29 k:0.15 TWi:11.65 KI  |24,7 29,6

Quality:98.5 v1:58.92 v2:59.52 al:53.37 a2:50.54 k:0.13 TWi: 16.13 KI .25‘2 30,2

O 0O O O

Quality:96.8 v1:63.22 v2:50.56 a1:29.3 a2:28.46 k:0.14 TWi:-1.02 KP1 25,2 30,2

Results 2nd round:

Quality:100 v1:57.36 v2:57.99 al:38.9 a2:35.36 k:0.12 TWi: 1445 KP1 24,4 29,3
i 7= Quality:100 v1:60.33 v2:55.03 al:55.77 a2:29.5 k:0.13 TWi: 10.88 KP1 24,6 29,6
Quality:100 v1:66.61 v2:50.7 a1:39.04 a2:38.12 k:0.1 TWi:-2.79 KP1X 26,4 21,7

Quality:99.9 v1:61.43 v2:55.09 a1:37.95 a2:39.12 k:0.11 TWi: 10.73 KI 25,3 30,3

O 0O @ O O

Quality:99.7 v1:65.48 v2:50.71 a1:33.05 a2:31.15 k:0.11 TWi: -5.04 KF 25,9 31,0

Show start positions
[ Traces

[[] stroboscope '1,ﬂ s EES Details Transfer Cancel

3.7.26 Collision analysis force impact

Under “Modules” - “Collision analysis impact” you can call up the new impact col-
lision analysis including driving dynamics. When called up, all vehicles that may
already be active are hidden for an overview. The force impact dialog is then opened
with two active vehicles that can be used for the force impact analysis. The progress
slider, which normally controls the movie sequence in the kinematics, is also
switched to force impact mode. Up to 8 vehicles can now be switched on and off

using the vehicle switches at the bottom.

First position the active vehicles in the respective starting position and rotate them
as required. This also automatically adjusts the corresponding yaw angle and the

associated heading angle in the dialog.

ATTENTION: In contrast to the “traditional” collision analysis with impulse calcula-

tion method, in this module you must position the vehicles in a position BEFORE

the initial contact. The program does not accept any input that has an initial overlap

of vehicles to be simulated, as the entire driving dynamics including all tire forces
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are also calculated during the penetration phase.

B Kollisionsanalyse - Kraftstos...

Einslellungenl Fahrzeug: - 7 -
Daten - in Phase: Is | 5 -

Kollisicnsnummer:; Io vl

ﬂl
i

~Anfangsdaten ——————————— 0
e Y
Geschwindigkeit [km/h] 32,0 21,0 : \
I H |
Gierwinkel [7] 2.4 | -88.5 i i
i
schwimmwinkel 7] 0.0 I 0.0 E :.
il | [====—" i
Kurswinkel [*] 24 I -88.5 : |
| I
Wankwinkel [*] 0o I 0.0 1 i
i i
Mickwinkel [*] 0.0 0,0 : II
I I
— Giergeschwindigkeit [*/s] 0.0 I oo E ) E
i . i
‘Wank-Geschwindigkeit [*/5] 0.0 I 0.0 H 1
i 1
Nick-Geschwindigkeit [*/s] 0.0 I 0.0 i 1
i i
i i
~Materi : ! i
Reibwert 0.70 | 0.70 W=7 ||
| ]
— Restitution 0.30 | 0,30 [ ' i —
i |
Elastizitatsmodul [kN/m3]: | 200000 Izccucc \ ’JI
i v T =
steifigkeit [kN/m]: | 500000 Isannan ol P — Y
i 1 ™, 1
Da N | | [ P
ampfung [Ms/m] 40 40 } i » [ ’
[ i ¥ ’
-~ Auslaufdaten “. l:_l_,__,L ]::L/f
-— Geschwindigkeit [km/h]: 0o I 0.0 SRS =
Kurswinkel [*]: 0.0 I 0,0
Giergeschwindigkeit [*/s]: 0.0 I 0.0

I~ mach Anderung simulieren

Lischen || Export

| oK || Rechnen

III JI ‘ »~ || » || - | | 1 ‘ 2 | 3 | & | 5 | & I T | & || 0,000 s KraftstoR - Kollisionsberechnung

| Hilfe

Next, enter the desired values for speed (center of gravity), yaw angle, float angle,
course angle, any initial roll and pitch angles, as well as angular velocities around

the vehicle's main axes in the “Initial data” dialog box.

“Material parameters": Here you enter the parameters of the body of the respective
vehicle that are relevant for the contact and have a significant influence on the col-

lision behavior. The values are:

Coefficient of friction: This value is a measure of the proportion of the contact force
that can be transferred between the respective bodywork and an object colliding
with it in the tangential direction of contact. Coefficients of friction are normally al-
ways understood in the context of two objects in contact with each other for a spe-

cific case, but are defined here as a material property of an object. When two objects
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collide, this module uses their “combined coefficient of friction” to calculate the con-
tact force, which is calculated by multiplying the two individual material coefficients

of friction.

Restitution: Indicates the extent to which the respective material returns to its origi-

nal state after deformation. Possible value interval is [0,1].

Modulus of elasticity: This variable indicates how strongly the body counteracts the
penetration of another body and significantly controls the resulting force that a con-
tact surface experiences and exerts in the opposite direction. The user must select
a value here that approximates the material properties of the body consisting of

different materials as closely as possible.

Stiffness: The behavior in the contact zone is approximated as an elastic spring. A

penetrating part of an external body experiences a force proportional to the pene-

tration depth and the spring constant of the body.

Damping: This is a dynamic loss term that describes the kinetic energy loss during
a collision. The faster a collision occurs, the more energy is converted into heat by

the damping term.

After entering all initial and material parameters, you can click on “Calculate”. The
driving dynamics for the active vehicles are now simulated in the background and
the internal calculation progress is displayed as a red/green progress bar along the
slider at the bottom. Initial conditions, vehicle geometries, tire forces, driving ma-
neuvers, surface conditions and air friction conditions are used as influencing vari-
ables, while the motion sequence of all vehicles is calculated in small simulation
steps by solving equations of motion. Contact between objects is detected automat-
ically. If contact occurs between vehicles or between a vehicle body and the terrain,
contact forces are determined and used to adjust the directions of movement. Con-
tacts are always calculated in three dimensions based on the 3D overlap of the 3D
vehicle models used. If contacts occur, the integration step size is increased dynam-
ically, which is why the speed of the calculation progress is reduced until the objects

move on again without contact.
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Simulation continues until the simulation duration specified in the settings is
reached.

Once the simulation has finished (the progress bar under the time slider should now
be completely green), you can fast-forward and rewind the entire sequence using
the playbar. Nothing is now simulated in the background, only the recorded simula-
tion steps are displayed at the respective time position. In this state, it is also possi-
ble to call up the “Coordinates”, which now output the values for the force impact
simulation instead of the kinematics. If you open the 3D display, the three-dimen-
sional state of this module is also displayed and no longer the kinematics.
_ I [—

Simulationsdaten

t vom Anfang
t= 2162 s

Fzg | s(m) |wvikm/h) |v'km/h) | al (m/s?) [aq (m/s?) | Om (%fs) | MNue ()

Mue'(™) Mick )  Wank () | Schwimm (%)
1 14,59 32,00 18,07 -1,59 -0,02 -0,02 0,00 0,00 -2,39 0,00 0,00
2 se7| 2100 1,31 0,11 -0,08 -0,19 0,00 0,00 0,41 -0,03 0,00

1 v
I
1
e :

Run-out data: This shows the speeds, course angles and yaw rates of the displayed

vehicles after the end of a contact. This output refers to the set “collision number”.

Simulate after change: If this option is active, any change to an initial condition by
the user results in an immediate recalculation of the simulation. If this option is not

active, the user must press “Calculate” after changing the entries in order to carry
out a new simulation.
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Export: Transfers the simulation to the kinematics to the set phase. The phase is
called “Simulation” and saves all the information about the three-dimensional posi-
tion, speed and rotation behavior in the background, which is then also taken into
account in the 3D sequence and in the coordinates. In the distance-time data, the

braking deceleration has no significance for this phase.

Additional vehicles: If you want to add additional vehicles to the simulation, you can
do this by activating a vehicle that is not yet active. To set initial values and material
parameters for this vehicle, you must switch one of the two previously active vehi-
cles to the new vehicle number in the dialog. The setting for the vehicle that has

been switched off is saved in the background and continues to be used.

Further user inputs: The impact collision analysis accesses the simulation data “S”
for the vehicles and uses the driving maneuvers, tire conditions and tire friction val-

ues set there.

The geometric data is taken from the “Vehicle data”. The inputs for centers of gravity
(in the loaded state) and the moments of inertia around the main axes have an in-
fluence on the collision behavior. The loaded 3D model of the vehicle is used as a
contact mesh for collisions. If no 3D model is loaded, a scaled standard model is
used. Active trailers are automatically added to the simulating vehicles. The engine
power, drive type, braking system and air friction values are taken from the “Vehicle

dynamics data” item.
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Settings: Here you can set the material properties of the soil, settings for the

mathematics of the solution algorithms and the simulation duration and step size.

Since the floor in the new vehicle dynamics is considered an object that can come

Simulationsparameter % into contact and collide with the

tires and possibly a rolling car
Boden-Einstellungen

body, a coefficient of friction, an

Reibungs-+ofaktor | 0.90
Restitution 001 impact restitution and a modulus of
Young's Modulus |1nmmu‘u elasticity can be defined for the
floor here.
Physik-Einstellungen
Gleichungslaser - Physics settings: The solution al-
Kontaktmodell | Hertz -l gorithm for the simulation, the con-
Tterationen 100 tact model between bodies and the
number of iterations for solving the
Simulations-FPS [Hz] |znnu
equations can be set here. The
Simulationsdauer [s] |3.DD

type of equation solver can have a
| Deformation EIM _ _
small influence on the calculation
ResetaufDefauit | Abbrechen | ok speed depending on the situation,

but the standard solver should nor-

mally be well selected. The contact model for determining the contact forces be-
tween car bodies can be switched between a linear Hooke's model and the non-
linear Coulomb and Hertz models. The iteration number indicates the maximum
number of attempts to solve the vehicle dynamics equations in each step if they do

not converge beforehand.

Simulation FPS: Defines the lower limit for the simulation steps of the driving dy-
namics without contact. If shocks occur, an internally increased value is used in-

stead of this value for increased accuracy.

Simulation duration: Defines how long the simulation calculates, regardless of

whether movements still occur.

Deformation ON: Defines whether the vehicles are to be deformed three-dimension-

ally when two bodies collide.
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3.7.27 Serial Collision

(Icon: ®e') This part of the program is used to calculate the collision process (cal-
culation of the differential speed etc.) in the event of a collision with negligible rota-
tion, as often occurs in rear-end collisions. If a trailer has been assigned to a vehicle,
the trailer mass is added to the mass of the vehicle. The same applies to the EES

mass.

You can only carry out the series collision after entering the vehicle data. The order

of the vehicles or the assignment of the numbers can be defined.

"Restitution proportionally to mass - yes: [1 no: [1": This field only serves explan-
atory purposes. Whether the restitution for a certain collision is in proportion to mass
or not can be defined in a field that is positioned exactly between the involved vehi-
cles. The restitution with no proportion to mass can be used with and without defined
structure. As soon as a structure has been defined and the restitution proportionally
to mass is deactivated (no tick between the vehicles), the defined structure is ap-

plied.

Serial collision with up to 8 vehicles can be calculated. Up to 4 vehicles can be
displayed at a time. You can shift the display of vehicles with the scroll box (

[=d 2 6 7 8[>>1) The calculation of differential speed is only conducted for
the two vehicles for which data characterizing the damages are available. In accord-

ance with the input mask, the calculation is conducted from left to right.

Description of input fields: The schematic depiction shows 4 vehicles in order and
with different colours. In each vehicle you can find an input field for the vehicle num-
ber. Allocating vehicle numbers different from the natural sequence may be useful
if, for example, the police protocol already contains a different sequence (f.e. last
vehicle as no. 1) or if a vehicle in the middle was able to avoid collision with a pullout-
manoeuvre. Each column below belongs to one vehicle and shall contain data on
the respective vehicle only. For the ease of use, the values inserted in the fields
have the same colour as the vehicle to which they belong to (adjustable). For colli-
sions with only two vehicles, insert data in the first two columns only and ignore the

other vehicles.
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"Pre-collision Data": In order to define 3 (with standstill 4) movement sections before
the collision, open the ,Pre-collision Data“ menu and insert the respective values for
initial velocity, reaction time, buildup time and deceleration. If you insert 0, the dis-
tance-time graphic will draw the curves from the beginning of collision only. It is also
possible to specify a time of standstill. In case the calculation shows that standstill
at the time of collision is not possible for the respective car, an error message will

inform you about it.

B ' Pre-collision Data —

o)
IIX

Vehicle: | 2 |3 | 4 |5 |6 [ 7 | o
Initial velocity: \ Io,ooi‘ 0,00 | 0,00 \ 0,00 \ 0,00 | 0,00 \ 0,00 | 0,00 km/h m
Reaction time: \ 1,00 \ 1,00 | 1,00 \ 1,00 \ 1,00 | 1,00 \ 1,00 | 1,00 s

Buildup fime: \ 0.20 \ 0.20 | 0,20 \ 0.20 \ 0.20 | 0,20 \ 0.20 | 0.20 s

Deceleration: \ 0,00 \ 0,00 | 0,00 \ 0,00 \ 0,00 | 0,00 \ 0,00 | 0,00 my/s?

Standstill duration: \ 0,00 \ 0,00 | 0,00 \ 0,00 \ 0,00 | 0,00 \ 0,00 | 0,00 s

Order of collisions: | 0 | 0 \ 0 | 0 | 0 \ 0 | 0

"Order of collisions": Specify the order of collisions by allocating numbers from 1 to
7 to the respective columns. If the velocities of each column do not match and make
the proposed sequence impossible, the program informs you about it and changes

the order automatically. The order has no effects on the calculation value in the

module but on the temporal S€- B serial Collision : Matthias Schmict - X
quence Hence’ Consequences I;eﬁmuhlodnp'rop.. t:)mass vess [ no: [J 1 23 4/56 7 8> oK —
re-col ala | Cancel |
can be seen in the diagrams and "< - Help
Decel. impact): ‘ 0.5 7.0 | 00 0,0 | 0.0 0.0 m/s?
in the Movie. If you do not specify ~ oeccteosimpect [ @5 ][ 70 | oo][ oo | oo o0 m
Vel. diff. post impact: 50 0,0 0,0 km/h Data
an order, the program automati- e serce T 60 N L
Rear Front Rear Front Rear Front
H EES value: \ 131 | 11,7| 0,0 oo 00 00 km/h
cally searches for a plausible so- ™" e et e
: . . stiffness: [Tses| 700[ o of o 0 kN/m
|Utlon Please bear in mlnd that Veloc. pre impact : [ oo| 264 o0 oo 00 00 kmysh | structure 1 -4
. . Coasting veloc.: ‘ 147 | 9.7| 0.0 O,Dl 0,0 0.0 km/h
sometimes several solutions are  ...coweee. [ 7 sl w8 @[ 850 05 k|| e
. Max.accel.{impact): [ 873| -948[ oo oo oo 00 nys
DOSS|b|e- Max. deform.: [ s 125 oo oof oo 00 cm i
Init
Vel.diff. before coll 26,4 0.0 0,0 km/h et
n H n, H K value: 0.1% 0,00 0,00
Deceleration (Impact)": Specify . = 3 5 S
this value to consider tire friction <" - : - m .
Miss. braking dlist. ‘ 0.0 | 3.8| 0.0 | U,Ol 0.0 ‘ 00 Graphic |

during the collision.
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"Deceleration post": The definition of this value is obligatory for the creation of a
distance-time graphic or the depiction of a Movie sequence. Furthermore, it is ad-
visable to state the pre-collision data as well. For calculations of differential speed,

the specification is not necessary.

"Velocity difference post impact": Velocity difference immediately after the solving

of the two vehicles. The elastic — plastic behaviour is adjustable with this item.

"Final distance": Distance of the vehicles in their final position. A negative final dis-
tance indicates that a secondary collision has occurred, but was not considered in

the calculation.

Tip: If none of the four velocities (velocity pre-impact and coasting velocity of both
cars) is available, the final position provides an additional equation with which the
velocities can be calculated. The input item “Final distance” then refers to the value
that both vehicles have if no second collision takes place. On the contrary, the cal-
culated value refers to the actual value of the final distance, whereby a second col-
lision caused by a third vehicle is taken into consideration. A potential secondary
collision of the same two vehicles cannot be considered. In case of a secondary
collision, f.e. if a second collision between the second car and the third car leads to
a secondary crash between the first and the second car (the second car crashes
into the first car a second time), the ignorance of secondary collisions might lead to
a negative final distance. In this case, set the conditions for the secondary collision
in the graphic or in the Movie and add an additional collision phase in both vehicles
with the help of the main data set. The values can be calculated in the module “Serial

collisions” using unoccupied vehicle numbers.

Subsequently, you find 4 columns again. Each middle column features 2 input fields
that relate to the ,Front” (left field in each column) respectively ,Rear” (right field in

each column) of the vehicle.
"EES value": Equivalent energy speed.

"Deform. After coll.“: Permanent depth of the deformation in impact direction. But be
careful: If f.e. a vehicle’s body panel recoils like an outer skin of the bumper without

considerable force transmission and the actual vehicle damages, which have also
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evoked a force transmission, lie behind, the outer skin of bumper needs to be com-
pletely neglected and only the deformed parts with regards to the deformation depth
as well as the structural stiffness have to be considered. Keep in mind that the per-
manent deformation is specified in impact direction. If f.e. the vehicle’s hood with its
incline downwards is extensively dented, not the extension of damage in the vehi-
cle’s longitudinal direction has to be considered, but the value about which the entire

deformed area has shifted. In some cases, this value might be considerably smaller.

"Stiffness": Average value of stiffness in the deformed area, i.e. the slope of the

approximate line in the force-distance curve.

A calculation is conducted if enough data is available for two vehicles in a row. Col-
lision data between two vehicles is calculated independently from the one of two
other vehicles. For the calculation of differential speed at the time of collision you

need the following information:

1. Differential speed of the vehicles after the collision; a value of 0 indicates a
completely plastic collision.

2. At least one value of the three items EES value, vehicle deformation and
structural stiffness per vehicle has to be known. Of both vehicles together,
you need three or four items (depending on “deformation proportional or non-

proportional to mass”), as the items are interdependent.

If too few information is available, but the structural stiffness of the front vehicle is
given, the deformation depth is assumed to be 0.0001 m. With this value, even prac-
tically elastic collisions can be calculated; only the two values for structural stiffness
have to be defined. The velocity difference before the collision is then solely defined
by the velocity difference after the collision, the values are the same (generally not
more than 5 to 7 km/h). This calculation can become necessary if the acceleration
of passengers respectively its upper limit shall be computed subsequently (f.e. in
the case of alleged cervical traumata without vehicle damages). Surplus values are
calculated after notification by the program. If you set the EES value and the defor-
mation of a vehicle to 0, AnalyzerPro assumes an elastic deformation (i.e. complete

restitution). In order to enable a calculation, at least the structural stiffness in the
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deformed area of the vehicle have to be specified. Please keep in mind that the
elastic restitution causes a relatively high differential speed after the collision; the
smaller the structural stiffness of the vehicle with the elastic behaviour, the higher
the differential speed. Instead of an elastic restitution, it is recommendable to as-
sume a minor permanent deformation. The EES value can be estimated based on

well-known criteria.

It is possible to conduct an equalization calculus in the first input field (upper left
corner), which enables you to insert more data than necessary. The EES values
and the deformation depth are then adapted in a way that they satisfy required math-
ematical conditions. The differential speed before the collision is calculated from the
EES values and the differential speed after the collision. The collision velocities can
only be determined if you either state the pre-impact velocity or the coasting velocity
of a vehicle or the final distance of the vehicles. The calculation of collision velocities
based on the final distance should only be done if the final distance is more or less
precisely known and the coasting decelerations of both vehicles are objectified, be-
cause the resulting value is relatively sensitive to amendments of this items. If you
neither insert a pre-impact velocity nor the coasting velocity, a front vehicle at the

time of collision is assumed.

During the calculations, the program investigates which items are known, selects
the according calculation scheme and records it. The fields of the calculated items
are blocked. You can now change your input values and conduct a new calculation
with the original input scheme without being forced to set all calculated values to 0
again. If you prefer to select a different input variant, click on “Init” to initialize the
mask. All fields are unblocked again and the program examines anew which items

are given and which calculation scheme is appropriate.

Moreover, the program calculates the velocity change caused by collision and the
acceleration respectively deceleration of the vehicles as well as the collision factor
(k value). In the case of serial collisions, the order of collisions is often unknown,
therefore, the first step is to assume a standstill of the front vehicle at the time of
collision. Based on the coasting velocities resulting from this calculation, you can

easily verify the possibility that a standing vehicle with an impact on its rear end was
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pushed against the front vehicle. If the coasting velocity resulting from the rear-end
impact of the standing vehicle is smaller than the necessary collision velocity of the

front collision, this option can easily be precluded.

With the specification of f.e. coasting velocities, you can indirectly influence the col-
lision order: If the coasting velocity after the rearward collision is smaller than the
front collision velocity, the front velocity is assumed to be earlier, otherwise vice
versa. You should avoid to set a value for the coasting velocity that ranges between
the pre-impact velocity and the coasting velocity of the front collision, as both colli-
sions would temporally overlap in this case. The issue deriving from this constella-
tion is not dealt with for the time being. If necessary, you can insert a standstill time
for a standing vehicle at the time of collision. Moreover, a collision order is proposed.
Data can be inserted in the input mask “Pre-col. Data”. If the proposed order is im-

possible, the program notifies you about an automatic change.

Tip: After the calculation of differential speed you can continue with the analysis of
passenger stress by clicking on the respective button. The calculation relates to the
vehicle in which input fields you are and which is also mentioned on the ,Passenger

stress button®.

Do not leave blank spaces in the collisions, as a data transfer and the determination
of collision order is only possible with complete information! If a collision took place
between vehicle 1 and 2 and between vehicle 3 and 4, but no collision between
vehicle 2 and 3, the program has no indication that the collisions are connected.
Calculate the collision between vehicle 1 and 2 first, change the vehicle numbers of
the two front vehicles to 3 and 4 (formerly 1 and 2) and calculate the collision for
these vehicles next. After that, position the vehicles temporally and spatially in the
distance-time graphic. A vehicle with a completely elastic behaviour is characterized
by a high amount of energy flowing back during restitution. Hence, the differential
speed after the collision must amount to a certain minimum value. A control mech-
anism automatically adjusts the value to its minimum. The other vehicle shows a

completely plastic behaviour then. Calculations are based on formulas developed
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for the restitution non-proportional to mass. If the calculated minimum value is in-

creased, the other vehicle behaves in a partly elastic way.

3.7.27.1 Passenger stress

Click the button ,Passenger stress X“ in the main input and calculation mask to open
the window for passenger stress calculations in rear-end collisions. The calculation
- refers to the vehicle in which in-

DEFORMATION CHARACTERISTIC CURVE -] [ @ pUt field the cursor is located and

kN k@ which number is also displayed

100 [~ — Backrest force limit: 26600 N — === —
=2 on the button. You can also
[ ~ Elastic barrier: ’T,o A stiffness

\
| choose the vehicle number in the

Damping | |

Cushion 20,0 Ns/m Bdckrest sfiffness: Y
—— mgwm module. As a precondition for
| ‘ .
Custionsiitness |~ 200 kym | || | I passenger stress calculations,
lq- Possible cushion m chJ Deformaﬂor'

the calculation of the respective

Backrest deformation: 11,2 cm

cacuate  COllision has to be completed

Dist. to backrest: 0.0 cm Maximum Mean

Sootshouider | 680 ey Passiest 021 24 mis and the mass of the vehicle

Vehicl l: 83,5 5319 a
Centre of force: | 75.0 ¢ ehele acee e

Delete

driver, for which the passenger
stress shall be calculated, needs to be defined. You can select the passenger by

clicking on the respective sitting position in the upper right part of the input window.

In the main calculation mask, the vehicle acceleration caused by collision is calcu-
lated from the differential speed of the vehicles at the time of collision, the defor-
mation and the tire friction. Based on this value and the structural stiffness of the
vehicle, the program calculates the velocity that would result in the same vehicle
acceleration and deformation for a rear-end collision through a rigid barrier. Thus,
the basic values are the structural stiffness of the vehicle and the maximum vehicle
acceleration. The calculation of passenger stress is done with a simulation of a com-
parable rear-end collision through a rigid barrier. The rear is considered as partly
elastic spring that deforms during the collision according to its predefined structural
stiffness. Along small time intervals during the simulation (pre-setting: 0.0001 s), the
deformation, the current velocity and the vehicle acceleration are calculated and
analogously complemented in the next time interval. You can change the pre-setting

in the menu “Options/Settings”. As the maximum value of time intervals with still
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reliable results is 0.0001 s, values higher than that are error-prone and subsequently
ignored. In cases with extremely high values of structural stiffness and very small
collision times, a small time interval of 0.0001 s is recommendable, otherwise, larger

values can be chosen as well.

"Mass of passenger": The mass of passenger has to be adjusted in the menu ,Ve-
hicle data“. As only a part of the mass interacts with the backrest, a partial value is
taken into consideration for the calculation of backrest deformation and the acceler-
ation connected with it. The pre-set value is 1/3 (,Torso mass fraction®, can be

changed in the menu Options/Settings/Passenger stress).

"Distance to backrest": Takes into consideration an inclined body posture. Insert the

distance between body and backrest at the height of the centre of force.

"Seat-shoulder": Based on this value, the lever arm to which force is applied is cal-
culated, which is in turn used for the determination of the torque deforming the
backrest.

"Centre of force": The centre of force transmission is indicated as % of the distance
“seat-shoulder”. The resulting value (plus 15 cm distance sitting surface — torque of

backrest) is used as lever arm to which force is applied.

"Stiffness cushion and backrest": Function like two springs connected in series. As
long as the cushion can be compressed, the characteristic curve is relatively flat.
Afterwards, the backrest frame with its greater structural stiffness is bent. You need
to specify the structural stiffness and the damping of both parts. The pre-setting of
the backrest’s structural stiffness and the force limit correspond with the character-

istics of a Mercedes seat.

"Possible cushion deformation": Defines for how long the flat part of the character-

istic curve is in use.

"Elastic barrier* and ,Backrest force limit“: Up to the ,Elastic barrier* of about 75%
of the ,Backrest force limit“ the force increases with the stated structural stiffness,
afterwards the characteristic line is flatter. The degree of flatness can be adjusted
with a statement in %. After having reached the defined force limit, the force remains

constant irrespective of the backrest’'s ongoing deformation. The described curve
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shape is caused by the mechanic characteristics of the backrest material and the
backrest construction.

"Damping": Indicates the friction caused by velocity during the deformation. Without
damping, the cushion and backrest, physically seen as springs, would never stop
swinging. The pre-set value significantly reduces the oscillation amplitude after a
few oscillations already. The damping is in proportion to the velocity of the defor-
mation and works similar to a shock absorber. The reasons for damping are the
inner friction of the material as well as the necessity to compress air within the cush-
ion and to squeeze it out of it.

“Database": This opens a database based on an SAE paper that contains seat stiff-

nesses for selection.

Calculation result: Comprises the maximum backrest deformation, the maximum ac-

celeration of passengers and the vehicle as well as the temporal midpoint of pas-
senger and vehicle acceleration. The midpoint is calculated with a numeric integra-
tion. The average value of vehicle resp. passenger acceleration is based on the
process from the beginning of collision to the end of acceleration, however, the pro-
gram considers that the acceleration for a backrest distance different from 0 is still
0. The duration of the phase is ignored, as it would lead to a wrong reduction of the
average value. Hence, the mean value only bases on the duration in which the ac-
celeration is different from 0. Furthermore, the chronological sequence of the accel-
eration and the velocity for both vehicle and passengers as well as of the vehicle

and backrest deformation is calculated.
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3.7.27.2 Diagrams for passenger stress
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The speed curves in the v — t diagrams start in the lower left corner. The curve for
the respective passenger starts to rise later than the one of the vehicle and sur-
passes it in further consequence. This is because the upper body of the person is
pushed forward through the elasticity of the backrest during the backrest’s spring-
back and is accelerated to a velocity that exceeds the vehicle’s one. Depending on
the coasting deceleration, the vehicle velocity drops off from its highest point line-
arly, the curve of passenger velocity ends in the upper right corner. The deformation
curves also start in the lower left corner, reach their highest points and arch down-
wards again. After having reached the point of permanent deformation, the defor-

mation curve continues in horizontal direction.

After their maximum point, acceleration curves characteristically drop down to 0
again. If a deceleration is existent, the zero line is shifted upwards by 10 m/s2. De-
pending on the deceleration, the vehicle acceleration does not immediately start
with t = 0, because it is only utilized if the applied force is greater than friction. The
curves of passenger acceleration, passenger speed and backrest deformation rise

later than the ones of the analogue vehicle data and arch to the left at the beginning.

The left bar features an icon for curve selection as well as an ,Exit‘ button to close

the diagram module again.
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3.7.28 Angle of sight

(Icon: S )

In this modules, you can calculate the angle of ., Angle

sight and its angular speed between a defined  viewing angle Pegrees, slint= 000 [ settings |

Veh. =obj| = 0 fe. to
12 86,560 | 86,560

viewing direction during the Movie sequence

and a vehicle in a peripheral visual area that

might become a hazard. All relevant points can be defined under “Settings”.

Determine the ,Observer”first, then the ,Peripheral | oefine view objects x
object” and finally the ,Foveal reference object®, the Observer:

J y J @ Vehicle: ’E
object determining the viewing direction and lo- |\ |pemoreraronest

. . o L ‘(-’“\ Vehicle: [3 ~]
cated in the foveal field of vision (within about 1,5° } g | Avoie ot
. . . . . } ® Degree

of the direct viewing direction). It can be another or v O Rad

the same vehicle (f.e. oncoming traffic or a person | [feveairsierence obect
® Vehicle: 2 >
on the roadside or another point on the vehicle) or O fxedangle: [0 °
Q Fixed point:  x= [0.00

\(:

a certain viewing direction (f.e. straight ahead) or a [ ciee ] oo :

fixed point (f.e. an immobile object on the road-
side). The “fixed angle” relates to the longitudinal vehicle axis and is used for fixa-
tions of far off objects. If you wish to specify a “fixed point”, either indicate the re-
spective coordinates or use the “Click” button to select a point in the Movie, i.e. to

position your cursor on the desired point and press the left mouse button.

If you want to adapt the angle of sight after a change of distance to the front vehicle,
you can select the same vehicle number for the foveal object and for the peripheral
object. Two visual radii will then connect the observer with the vehicle. The front
centre is the end point of both visual radii in the default setting. The end of the normal
visual radius is marked with a little square as usual, the end of the foveal visual
radius is marked with a little cross. Usually the target of the visual radii needs to be
positioned at the desired point. Move the cursor to the front centre of the target
vehicle. At some point the cursor changes to a cross — an indication that the end of
the visual radius is captured. Select and shift the end point as usual. Your settings

are saved in the report.
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"Angle output”: You can adjust the angular unit in degrees (°) or radian measure
(radiant).

The threshold range of abnormality for angular speed ranges between 3 - 10 * 10
Rad/s in the literature. This value might occasionally appear to be too low and can
be adjusted with a praxis factor. The actual threshold value depends on several
factors and has to be examined closely. Among other factors, the observation time
should commonly last at least 0.4 s. The threshold range of abnormality (upper and
lower limit) and the praxis factor can be adjusted in the menu “Settings/Viewing an-
gle”. The main module window displays the current status of abnormality:

------------ Below the threshold range of abnormality
2?7?7777 Close to the threshold range of abnormality

i Above the threshold value of abnormality

3.7.29 Rim contact traces

In brush collisions, the turning wheel of the brushing vehicle might come in contact
with the chassis of the brushed wheel. If the angle between the turning wheel and
the chassis of the brushed wheel is very small, contact traces with the shape of a
Cycloid might emerge. The exact form of these Cycloids depends on the differential
speed, the rotation speed of the brushing wheel and diverse geometric data like
wheel diameter and position of contact area on the turning wheel. Hence, the veloc-
ity and the deceleration (positive value) or acceleration (negative value) have to be
stated. Additionally, the wheel diameter, rim diameter, deflection and slip of the

brushing vehicle have to be defined.

The contact area is built upon the height extension (distance to the floor, in the
graphic 0.5 — 0.60) and the angle (here 10°). This area can be divided into a varying
amount of points in horizontal = tangential and vertical = radial direction. The
depiction below shows 2 vertical traces and 2 horizontal traces, which means that

Cycloides are drawn from 4 points ( = 2x2).

161



B | Wheel Contact Traces = (] X
E
S E =
Touched vehicle 1 - Contact area
Velocity: 10,0 km/h / t \
e 2
Deceleration: 0,0 my/s?
Tyre 195 /| 55 R| 16,0 Copy image
Wheel diameter: 0,621 m
Rim diameter: 0,406 m
e [ -
Deflection: 0,010 m S P
Maximum 060 m L T :
Draw wheel / / N \ Scrollbars
Minimum 050 m / \ B
Touched vehicle 2 - { f \ | O Imag
— | .
. i \ J ® View
D Draw wheel D Trace on wheel Rotation angle 1 \ / /
\ \ / / O Traces
Velocity: 0,0 km/h Start: off - \ . 7
N\ MR " O Whee
Deceleration: 0,0 m/s? End: 360 - e T QO Wheel :
e N i vr’/-.’ v
Trace area on vehicle Number of traces o J
Height (max): 0,60 m Vertical 2 v x 4 ] !
Height (min): 0,00 m Horizontal 2 v Zoom j l j

The picture used for this module should be in a rectangular position to the vehicle,
with the smallest possible perspective distortion. It needs to be loaded first and can
be positioned and maximized/minimized with the scrollbar to the right and below the
picture. The mouse wheel can also be used to zoom and the left mouse button can

be held down to move the mouse.

Afterwards, the track records needs to be positioned true to scale. The depicted
wheel and a vertical ruler help to scale it precisely. With the scrollbar “Wheel offset
X”, you can shift the wheel and the ruler and position it in the best case on a scale
included on the picture. Then you can tailor the size of the wheel/ruler to the one of

the scale with the scrollbar ,Traces scale”.

The ,Rotation angle” defines which part of the cycloid shall be drawn. At 0° - 360°,
a full rotation is drawn starting at the bottom at the top of the wheel back to the
bottom at the top of the wheel. 0° - 180° gives the ascending descending part and
180° - 360° the descending ascending part. Moreover, the displayed area relating
to the height above the ground can be narrowed down. As a basic setting, the wheel
and ruler are shown in the colour of the brushing vehicle, but can be changed like

the colour of the traces in the menu “Colour”.

Alternatively, the tracks caused by a rigid body on the rotating wheel can also be

displayed. To do this, “Draw wheel” and then “Track on wheel” must be activated.
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The following task order is recommended:

1. Load the picture, shift it to the desired position and scale it to the desired size.
A scale should be visible on the picture.

2. Shift the depicted wheel and the scale to the position of the ground (wheel
contact surface) of the vehicle visible on the picture (Offset Y).

3. Shift the wheel and the scale to the position of the scale included on the

picture (Offset X) and scale it afterwards.

Determine the rotation angle.

Limit the height above the ground where trace records are visible.

Determine the contact area of the wheel producing the traces.

N o g A

Insert the velocities of the vehicles.

3.7.30 Cargo securing

Calculation module for cargo securing:

"Maximum payload": Calculated from the permissible total weight minus own weight.
“Load": Load to be secured.

"Cargo area friction": Friction between the floor and the cargo. The value can be

entered directly or selected from a range of values.
“Lashing point strength": Strength of the lashing point.

"Form fit": support against the walls. The force is calculated from the maximum pay-

load.
"Capacity limit": Maximum force of support.

"Vehicle acceleration to secure (NORM)": Accelerations the lashing capacity must
withstand according to regulations.

"Max. Lashing force (LC) - Lashing Capacity ": Capacity of the lashing strap.

“Lashing force (STF) - Standard Tension Force": Lashing force created with a

ratchet.
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B ' Cargo Securing : Matthias Schmidt
Vehicle: 1 R Max. payload: ’W kg
Load capacity
Load: ’70 kg
Cargo area friction: |Wood.’wood dry: 0.20 - ﬂ‘ 0.2
Lashing point strength: | 100000 N
Form fit
[ front: O rear: [ sideways:
40 % 40 % 30 %
Capacity limit:
,W danN ’W daN ,W daN
Vehicle acceleration fo secure (NORM)
forwards: ,ﬁ m/s? Cross: ,75.0 m/s*
backwards: I—S,D m/s* vertical: 'T,D m/s*
Lashing aid
Max. lashing 5000 N Lashing force (§ 5000 N
Results
necessary securing force: I—D N
Friction (without securing force): ,70 N
Friction through lashing: [ 0N
Friction (total): |—u N
Missing securing:
Force forwards: 0N Lashing force: I—D N
Force backwards: [ o N Lashing force: ,70 N
Force sidewards: Lashing force: ,70 N
Necessary number of lashes: ’—D

AVDI 2700 (one-sided Ten) 1.5 w | Frict

@® Lash down
Number of lashes:

Transmission 1,50 Lush\ng angle:

FHCTIOI’] in belt:

(" Diagonal lash

alpha: 4

beta:

Kinematic data
Friction lengthwise: 0,0

0.0 %

Friction
Slope (lengthwise): Slope
Acceleration force lengthwise:

Acceleration force crosswise:

Missing securing:

0.0
)
—

o
B
o

Force forwards: Lashing fore
Force backwards: Lashing fc
Force sidewards: Lashing fc

Necessary number of lashes:

o

"Lashing angle": Angle between the loading area and the lashing strap.

7

K

Cancel

]H

Help

Calculate

Transmission coefficient (drop down menu to the left of “lashing angle”: If both sides

are lashed down with a ratchet, the value is 2; otherwise, you need to consider that

the lashing capacity on the side without ratchet is smaller because of the friction at

the deflection etc. Most often, the value is only 50% then, the transmission coeffi-

cient amounts to 1,5.

"Friction in belt": The friction between belt and cargo creates a retention force.

"Necessary securing force": Securing force theoretically needed for normal acceler-

ation.

"Friction (without securing force)": Friction solely caused by cargo weight.

"Friction through lashing": Friction solely caused by cargo lashing.
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3.7.31 Bicycle contact marks

B " Bicycle contact marks : Matthias Schmidt - X
? \ _—’\‘&zlb\ Speed bicycle 20,00 km/h ‘ Cancel
——=—mee
= I Friction coefficient ‘ 0,80 | Help
maximum height i
— . W Bandwidth Scratch mark ‘ 10,00 cm
L— Cminimum height .
40,00 cm lcm max. damage amount ‘ 99,04 c¢m
N S— - max. height increase 4,04 cm
length
c Inclination max. loading 16,42 °
30,00 cm mountain bike v L
Inclination scratch mark 20,92 °
@T‘a\% curve radius 393 cm
) touch time 0,05 s
Distance
smponent I.P‘ I max. angle of inclination 38,66 °
28,00 \ /'J/' /_\ﬁ . Height wheel height 8,38 cm
= \\,//”' /N | 95,00 .
. ' { / \ steering angle 14,95 °
Distance diameter }) cm Delete
%;_I 65,00 cm
- /’}/ Damage area is full. ‘ attained
A L - | LT d d | Caleulate
wheelbase Phys. angle of inclination is ‘un ersteppe
) | 105,00 cm i Touch is ‘ possible

This module is used to check the plausibility of scratch marks that may be caused

by passing bicycles.

In the first step the minimum and maximum height as well as the length of the

scratch must be entered (left upper window).

Second, geometric data of bicycles are entered. There are already preselected de-

fault values for this in the drop-down menu in the middle of the screen.

In the last step, an assumed speed and a coefficient of friction between the wheel

tyres and the ground must be specified in the upper right area of the window.
This results in the results shown.
Scratch mark by a circular movement:

In order to fulfil the equilibrium condition, a counterforce must act. This also happens
during driving when the front wheel or handlebars come into contact with a fixed
obstacle. In the short period of time between the initial contact of the bicycle and the
obstacle, a lateral deflection of the dynamic body occurs. This lateral deflection

leads to an arc ride leading away from the back.

Scratch mark due to a change in height:
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A further assumption is that with a dynamic motion sequence, the bicycle begins to
oscillate immediately after initial contact. This is how a possible height difference
can be explained. A change in height must be taken into account in the calculation
or plausibility check. On the basis of the geometric quantities, a maximum possible
angle of inclination can be determined, which is necessary for the scratch track gen-

eration.

It is checked whether the scratch mark found on the vehicle lies within this tolerance
field. Furthermore, the angle of inclination determined for the track generation is
compared with the maximum possible angle of inclination (depending on the road
condition). A further boundary condition indicates whether the pedal width is covered
by the steering angle of the front wheel. If all the results obtained are summarised,
a relatively quick plausibility check can be carried out on compliance with the phys-

ical laws.

3.7.32 Steering

(Icon: ©) Independent of the number of movement sections and the defined
phases, the driving line of the vehicle can be calculated kinematically with the en-

tered steering manoeuvres.

Enter the respective vehicle number first and | steering: Matthias schmiat X
add the steering manoeuvre for certain points | Yo" =

Time [s)|Steerin angle (°)] Radius {m)|incline |  Cancel
in time. You can either specify the ,steeringan- | | ©% 0 0000
gle® or the ,curve radius” of the back wheel of oelete

the inner curve side. The results are automat-

ically converted under consideration of the

steering ratio.

Positive value: Steering to the left,
negative value: Steering to the right,

Straight ahead: Steering angle and radius = 0;
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"Ascent (s)": Time needed to steer from the old to the new curve radius. The old

curve radius is assumed from the previous row.

If the vehicle should drive with smashed wheels right from the beginning, insert As-
cent = 0 in the first row and enter the same time in the first two rows. If the ascent >
0 in the first row, then the vehicles steers in from driving straight ahead. The total
time of the driving manoeuvre is assumed from the main data set and transferred to

the time of the first row.

If the steering angle, the radius and the ascent are 0 in a row, the radius of the
previous row is used to proceed. If the total time of the driving manoeuvre changes,
you need to open up the ,Steering“ menu anew to ensure that the steering move-

ments definitely start at the right moment.

3.7.33 Video Analysis

The video analysis module is used to determine velocity from video recordings with

a static camera (e.g. surveillance camera).

Video analysis : Matthias Schmidt o X

D:\Arbeit\Seminare\Seminarbeispiele 2022\00:. < Play > Frames

Video settings

Area smaller than 500

Time 100:00:00
Area greater than 1000000 Number of objects o i
I
[] Show area Video speed
Distortion area (dist. in m) = || Reset Full analysis
[ e ;
P1-P2 (3,00 P4-P3 [3,00 + =
m wn BT g 2%
p2-p4 (300 P3-P1 [3,00 . EAN N
O] (e] O (¢]
P1-p4 [0.00 P2-P3 [0,00 [¥] Correct lens distortion
Vehicle: Phase: ID from video:
[ ~] h = |2 |
km/h
18
oz
1 = “ ld LL " —
— — - S 1O O . P
W 28 km/h
14
1 2
s
Help Close Transfer |
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A video file can be loaded with the file browser in the upper left area of the image.
An algorithm automatically recognises the contours of moving objects such as vehi-

cles.

"Video settings": In this area, you can define the size of objects to be recognised.
Areas "smaller than" or "larger than" X pixels are ignored during the analysis. In
order to see in which size range your relevant areas move, the setting "Show area"

can be activated.

"Distortion Correction": In order to calculate the velocities, the video must be recti-
fied. In the first step, the corners of the red rectangle in the upper video are dragged
to known positions with the left mouse button pressed. The real distance between
the points can then be entered in the "Distortion Correction” area. The different
shapes of the square serve to indicate which values are known.

"Correct lens distortion" automatically determines the camera parameters and can

thus rectify barrel distortion, for example.

"Play", "<" and ">": This starts the video or jumps one frame forward or backward.
The "Number of objects" indicates the total number of objects recognised in the
video. The "Video velocity" indicates how fast or slow the video should run.

With "+" and "-" or with the mouse wheel you can zoom in the video below. The

video can be moved by holding down the left mouse button.
"Reset" resets the entire analysis.

"Full Analysis" analyses the entire video and saves all velocity data.
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Moving objects are as-

signed an ID in the

Frame length [s] OK
video. Selectlng ID Measured Selected 2 Use for video
: T analysis:
from video" displays the . i 0,030 01
velocity data in red in
2 0,041 0,030 O Measured values
the diagram. A fit curve
. . _ 3 0,041 0,030
is automatically in- © Selected values
4 0,041 0,030
serted as a 4th degree Reset
- 5 0,041 0,030
polynomial in blue. The
. 6
data of this fit curve can o4 -
be transferred to the ! 0,041 0,030
main data mask. The 8 0,041 0,030
selection of the desired - 0,041 0,030
driving sequence is 10 0,041 0,030
done directly in the dia- 11 0,025 0,030
v

gram and can be found

in chapter “Module Diagram control”.

"Frames": Here, instead of the automatically determined frame lengths, time dura-

tions can be specified, which are then used for the calculation.

"Reset" resets the selected values to the measured values.

3.7.34 Dashcam video analysis

This module allows determining the speed at which the vehicle is traveling from
dashcam videos by analyzing the optical flow of pixels between video frames. The
conversion between pixel flow and the driven speed is carried out by a neural net-
work specifically trained for this task. Following the analysis, it is possible to transfer
the speed data into time-distance data. - Attention: This module is NOT used to
determine relative speeds to other road users. Furthermore, only time-distance data
is transmitted. A driving path cannot be calculated and must be adjusted by the user

afterwards.
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Dashcam Analysis : Matthias Schmidt O X

D:\Arbeit\Update 24\Dashcam\Timo\2023092 -

Al Model: |Linear Camera, Right Traffic |

CANCELED Reset

< Play >
Time ‘ 00:00:00.000
Speed
km/h
0

0

Polynomial Degree: Vehicle: Phase: :

9 vl K > 4 v .csv Export Help Cancel Transfer

First, you need to select a dashcam video that you want to analyze. Since the Al
models used have been trained on 10-hertz videos, the video you want to analyze
should also have that frame rate. Most of the time, after loading a video, you will be
prompted to automatically convert it to 10 Hz and save it. Confirming a location for
saving creates a 10 Hz version of the original video, which is automatically used
afterward. Next, you need to select an Al model for analysis. There are four models
to choose from, each trained for either right-hand or left-hand traffic, and for both
linear and wide-angle/fisheye cameras. Select the model that best describes your
video. Once a usable video file and a model are selected, the analysis begins auto-
matically. The analysis considers the previous 10 frames as a context for the current
frame, during which the pixel flow is analyzed, and the associated speed for the

current frame is determined. The progress of the analysis is displayed. At the end,
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you will receive a speed-time profile for the entire video, which can be fitted with a
curve, exported to a CSV file, and transferred to a selected vehicle.

3.7.35Video analysis for text / OCR

This module enables the text analysis of dashcam videos using an Al model trained
for character recognition. "OCR" stands for "Optical Character Recognition," which
is the process of recognizing written characters. If you want to analyze a video that
displays measured speeds during the drive as text within the video, you can use this
module to extract a speed-time profile from it and transfer it to the time-distance

data of a vehicle.

E:\Videoanalyse-Tests\OCR Videos\230821_1 OEI e

I[ 1
{
Zeit 00:00:00.000
Geschwindigkeit ~
N51.25461 HO.B14TT 38HPH
NEXTBASE NBOVR3Z22GH 10:33:30 21/08/2023
km/h
Text Position: [
Bottom vl
********************* i

Platzbedarf in %: '
10% v '
Einheit Geschwindigkeit: ;
kmh v . ’

!

!

!

!

0

Polynomgrad: Fahrzeug: Phase: :
9 VI | 1 L‘ |4 L] I Hilfe H SchlieBen H Transfer I
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To begin, select the video you want to analyze. Afterward, you can define the area
where the text appears in the video and specify its dimensions to increase the anal-
ysis speed. In the speed unit selection box, choose the unit that appears in the video.
Next, perform the video analysis by clicking "Load.” Once the analysis is complete,
the speed-time data will appear in the chart below. A fitting curve is generated to
smooth the data. As usual, you can then select a range by clicking twice on it, and
with a click on "Transfer,"” you can transfer the data to a vehicle. The data from the

fitting curve is used for this transfer.

3.7.36 General driving data / GPS data

The module ,General / GPS* allows you to load drives saved on a data recorder in
AnalyzerPro. When a file is loaded, the program automatically draws a driving line
and depicts the drive with up to 40 phases. The file format *.csv is supported. The
format of the file should ideally include the identifiers for the various items like ve-
locity, time, x-y coordinates, height, yaw angle or driving direction as of a certain
row, followed by a line-by-line information of respective data. The data in the rows

should be separated by semicolons or commas.

At least the velocity and time, or GPS data and time respectively, have to be avail-
able to load the file in AnalyzerPro. X and Y coordinates or the yaw ratio or the

driving direction (heading) have to be known in addition to create a driving line.

To start the import click on the respective file in the file browser, choose the vehicle

and the phase for which the drive shall be imported.
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Import for vehicle:

Phase:

70!

D:AGitHub\lulian-Fixro\MatthiasSchmidt-mastel l—_:E
Available data:
Velocity Longitude 65
Time [¥] Latitude
—I_L_
[ Direction [¥] Height LL#\_\
_ 60 e
[¥] Acceleration X X Coordinate . .
™
Acceleration Y Y Coordinate -
1 I
[¥] Acceleration Z [¥] Z Coordinate 55
Select the desired interval with a leftclick in the R L
diagram. at
-
Transfer coordinates on driving line [] e
Help Close Transfer 500 2 4 ]

In the diagram, the y-axis shows the speed in km/h, the x-axis the travel time in
seconds. The left-hand area shows which data is available in the file. With the button
"Transfer coordinates to driving line", the curvature of the driving line is transferred

instead of pure path-time data.

The selection of the desired driving sequence is done directly in the diagram and

can be found in Chapter “Module Diagram control”.

"Transfer" confirms the input and writes the data to the main data mask.

3.7.36.1 Module Diagram control
This affects the diagrams in the following modules:

e General / GPS Import e GPX Import
e DDD Import e Video analysis
e GoPro Import

The following control applies in general:

1. Selection:
a. First left click: Start of selection
b. Second left click: End of selection
c. Third left click: Delete the selection
2. Zoom:

a. Turn mouse wheel: Zoom by the pointer position
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b. Press right mouse button + drag from top left to bottom right: Enlarge-
ment of the selected area

c. Press right mouse button + drag from bottom right to top left: Reduc-
tion of the selected area
3. Pan:

a. Hold down the middle mouse button to move the area.

3.7.37 DDD File Import

This module is used to import digital tachographs that are available in the

standardized DDD format. These files differ in 3 types, all of which can be read by
AnalyzerPro:

e C-type: This type contains social data such as driving times, but no speed
data.

e M-type: This type contains average speeds in 1 Hz format.

e S-Type: This type contains encrypted speed data in 4 Hz format.

Import DDD data for vehicle: 1 - Phase: 1 -

C:\Users\matth\Downloads\M_20210902_1041_RO WW 3002_XLRAEL1500L4 EE

Select the period: 27.8.2021 8:14 - 8:34 ¥ UTC

A Lrhnm
g h
60 1

o {LL a o \\
40 Iwr\ |‘l“ JJZJH ‘_\J;JHL‘J‘ /, J;'i_g . ‘,J l\ | |
[ d | | - |‘h /

iy b \ ,j Wl f

i | | R H‘ | |
N '\h "I‘ ! , I‘ o/ | ‘ / V N
(N VAT "
f \ o

\
Yo

20

07:11

Select the desired interval with a left click in the diagram:

Help Cancel Transfer

By selecting the file in the file browser, it is read into the module. You have the
possibility to have all read files written into a text file.
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As soon as the data are read in, you can flexibly determine the desired time period
under "Select the period”; the corresponding velocity profile is displayed in the
window below. In order to transfer the data into the distance-time data, select the

desired area as described in chapter Module Diagram control.

The field "Distance transfer" determines what the focus should be on: Exact value
transfer from the file or a conversion into a mapping that is as true to the path as

possible.

Confirm your selection with “Transfer”.

3.7.38 CDR Data import

This module is used to import .csv files generated with the Bosch CDR tool.

Import CDR data : Matthias Schmidt X
Import CDR data for vehicle: 1 v Phase: 4 v Help
“D:\Arbeit\Update 24\CDR\Jeroen\1C4RJFBM3CC339555 ACM.CSV ‘ Cancel
Data read in
Events: ’17 Choose Pre-Crash: 1 N Tables
Pre-Crash Data Crash Data Diagrams
Time [s] A Time [ms]
Speed [km/h] Delta-V long. [km/h] Visualization
Steering Angle [°] Delta-V lat. [km/h]
Gas Pedal [%] .csv Export
Yaw Rate [°/s]
Engine [RPM] v Information
100
90
80
70

60
Steering ratio 1: (16

o Transfer steering wheel angld ]|

40 Select the desired period:

30

from value: |0
20

I

to value: 3
10

Transfer

0

1

\‘
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In the first step, you need to select an appropriate .csv file using the file browser and
then confirm by clicking "Load." Alternatively, you can also select an “.anlcs” file
from CrashScene. If possible, the file will be read. In the upper half of the dialog, the

discovered variables of the pre-crash and crash data will be listed.
"Events": gives information about how many events have been recorded.

For data transfer to a vehicle, only the pre-crash data can be used. Once you select
a pre-crash event from the respective selection window, the speed-time profile is
displayed in the lower chart.

You can select the desired interval in the lower right corner and insert it into the
time-distance data for the chosen vehicle from the selected phase by clicking

"Transfer."

The “Tolerance” allows you to screw the speed up or down as a percentage in order

to enter different variants.

If "Transfer steering wheel angle" is selected, the driving line is bent according to
the steering wheel angle position and the steering ratio. The steering ratio can be
changed in the vehicle data.

“Positive values = right” refers to the steering wheel angles. These are often not

explicitly defined in the csv file.
On the right side, you will find additional options:

"Tables": Opens a dialog where you can list the time course of various variables in
a tabular format for a specific pre-crash event or a specific crash event. Critical val-
ues are automatically highlighted in orange. "Critical" might refer to very strong de-
celeration that might not be achievable through mere braking or active ABS inter-

vention, for example.
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Data Tables : Matthias Schmidt

Time [s] Speed [km/h]
16 -3,50 35,41
17 -3,40 3541
18 -3,30 33,80
19 -3,20 33,80
20 -3,10 3219
21 -3,00 3219
22 -2,90 3219
23 -2,80 33,80
24 -2,70 33,80
25 -2,60 33,80
26 -2,50 33,80
27 -2,40 33,80
28 -2,30 33,80
29 -2,20 3541
30 -2,10 3541
31 -2,00 37,01
32 -1,90 37,01
33 -1,80 38,62
34 -1,70 40,23
Choose Pre-Crash: |1 -

Steering Angle []

332,00
345,00
351,00
363,00
380,00
394,00
404,00
411,00
410,00
408,00
405,00
404,00
402,00
401,00
399,00
396,00
393,00
387,00
378,00

Choose Crash:

Gas Pedal [%]

10,80
10,80
10,80
10,80
42,80
53,10
56,70
59,80
71,60
78,90
80,40
79,90
81,40
98,50
100,00
100,00
100,00
100,00
100,00

Yaw Rate [*/s]
42,00
43,00
45,00
46,00
47,00
48,00
49,00
49,00
47,00
45,00
46,00
48,00
48,00
48,00
47,00
46,00
46,00
45,00
45,00

Engine [RPM]
1744,00
1719,00
1700,00
1694,00
1704,00
1851,00
2017,00
1917,00
1877,00
1807,00
1793,00
1845,00
1881,00
1891,00
1935,00
1999,00
2059,00
2187,00
2285,00

ervice Brake [on/ofDeceleration [m/s?]

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

u]

4,47
-0,00

4,47
-0,00

4,47
-0,00
-0,00
-4,47
-0,00
-0,00
-0,00
-0,00
-0,00
-4,47
-0,00
-4,47
-0,00
-4,47
-4,47

X

2l

~|

Cancel

"Diagrams” opens another dialog that, following the same pattern as "Tables,"

graphically displays the time course of some interesting variables. First, select a

specific pre-crash or crash event, and then on the left, toggle the relevant curves

on/off. Note that only one curve per unit type can be displayed at a time.

Diagrams : Matthias Schmidt

Crash Data:

[]Delta-V long. [km/h]
[ Ipelta-V lat. [km/h]

Pre-Crash Data:
E_ISpeed [km/h]

[ stcering Angle ('
DGas Pedal [%]
["]vaw Rate [*/s]
["]Engine [RPM]
DService Brake [on/off]
[:lDeceIeration [m/s?]

Choose Pre-Crash: [1

400

300

200

100

-4

Choose Crash:

Cancel
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"Visualization" opens a dialog where various driver actions are presented graph-

ically. For pre-crash events within the time interval available in the file, you can vis-

ualize speeds, engine RPM, steering wheel position, as well as gas and brake pedal

operation. Below, you can select the point of interest using the slider. The green bar

above the gas pedal corresponds to the percentage of gas pedal activation. Brake

pedal activation, on the other hand, is a binary "yes/no" state and does not provide

information about the strength of the brake application.

Visualization : Matthias Schmidt

Choose Pre-Crash: 1 v

Cancel
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".csv Export" allows you to save the data as a CSV file for later use, such as in

Excel.
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"Information" opens a dialog that emphasizes the need for careful handling when
interpreting and using the data obtained through the CDR tool. The data may be
error-prone or have a time offset, so it always requires a comprehensive critical re-

view of the entire dataset to identify any unrealistic values as such.

"Manual" allows for manually entering or manually modifying values that have al-
ready been read. "Use Manual Data" must be selected to display and transmit these
data. To create a new record, choose a desired frequency and click on "Create”. If

you have already read data, you can copy an existing pre-crash record.

“Skidding” allows the pre-crash movement to be corrected if the yaw rate, steering

wheel angle and acceleration in the longitudinal and lateral directions are present.

Special thanks at this point go to Nikolaus Gotthard and Ingo Holtkdtter, who have
contributed many ideas and expertise for the visualization and preparation of CDR

data from version 24.Thank you very much!

3.7.39 GPX Importer

The module "GPX Importer" allows to import data from sports watches in GPX for-
mat into Analyzer Pro. Files from the recorders can be imported, whereby the line
of travel is drawn and travel is displayed using up to 40 phases. The file formats
*.gpx and +.fit are supported. The .fit file is automatically converted into a GPX file
in the first step.
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B | Import GPX data

Import for vehicle:
Phase:

Available data:
Date

Time
Height

[¥] Temperature

Matthias Schmidt

[] Longitude
Latitude
Heart rate

Cadence

10:23

10:25

10:27

10:28

Cadence [Hz] ¥

100 A - e R pie /

Copy map
Select the desired interval with a leftclick in the
diagram

Use data from the fit curve (blue) (] /

300 m

Transfer coordinates on driving line [] o

Help Close Transfer 10:23 10:25 10:27 10:28
hhimm:ss

The data available is shown on the left-hand side of the screen. In the upper dia-

gram, the velocity is plotted on the y-axis and the time on the x-axis.

The GPS data is displayed in the form of the route on the Open Maps map on the
far right of the image by means of the blue line.

If the corresponding data is available in the GPX file, the heart rate, cadence or
temperature can be displayed in the lower diagram. The diagrams are synchronised,
S0 a corresponding zoom always affects the diagrams.

"Copy map" copies the displayed map.

To transfer the data to the distance-time data, select the desired area as described

in Chapter “Module Diagram control”.

With the button "Transfer coordinates to driving line" the curvature of the driving line

is also transferred instead of pure distance-time data.

Press the "Transfer" button to confirm your selection and write the data into the main
data mask.

3.7.40 GoPro Videos

Many videos recorded with the GoPro camera contain meta-data that can be used

to calculate speeds. The video can be read in *.mp4 format.
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B " Import GoPro data : Matthias Schmidt =] X

Import for vehicle: 1
Phase: 4 ~| 40 |~ §

@® Speed direct

O Speed from GPS \ \
E 20 \ \
f \ \ N
Available data: / \
S S \ \ <
tart: 122-05-07 11:29:00.3 10 ~ \ \ %
Y et "f/ \ \
3 T 1. A \ \ %
Gyroscope X [4] Longitude S AT \ ; N
i \ \ {
0 . - \ ‘
Gyroscope Y [] Latitude \ \
10 20 30 \ \
Gyroscope Z [¥] Height
\ ‘\
[¥] Acceleration X [¥] GPS frequency \ \
\ \
\ \
[¥] Acceleration Y [¥] Speed \ \
\
Acceleration Z Gyroscope X [rad/s] ¥ \ \
\
\
\
\
\
Copy map \
\
Select the desired period by left-clicking in the
upper diagram
\
Transfer coordinates to driving line [] \
\
30 m \

Help Close Transfer

The velocity can be given in two ways: Either from the internal velocity calculation
or calculated from the GPS data. The available files are indicated by a marker in the
list. The content of the lower diagram can be selected in the drop-down menu. The
GPS data is displayed in the form of the route on the Open Maps map in the image

on the far right by means of the blue line.

"Copy map" copies the displayed map to the clipboard. With "Ctrl + V" it can be

pasted into the report.

To transfer the data to the travel-time data, select the desired area as described in

chapter "Modul diagram control".

With the "Transfer coordinates to driving line" button, the curvature of the driving

line is also transferred instead of pure path-time data.

Press the "Transfer" button to confirm your selection and write the data into the main

data mask.

3.7.41 Traffic measurement technology — ESO data

ESO data is used to check whether a type of velocity measuring device is function-
ing correctly. The data can be output from the associated software in .csv format

and then entered into the analyser.
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After loading the file, the 5 measurement curves appear in the diagram. If the check
mark "Correlate" is set, the curves are shifted over each other so that a deviation of

the curves from each other is easily visible.

| D:\Arbeit\Update 23\ESO - Messkurven\Beispielfiles\Dekra\E [_Jﬂ O vi2 ‘2‘39 v23 3,52 v13 24,83 km/h

Messkurve 1. 2 . 3 . 7 *‘ 5 . 12 ‘2480286,2 23 [973367,82 3 [1029577,4

10000

-10000

-20000

0 200 400 600

Scale: Line width:

By left-clicking twice in the diagram, an area is marked. Within this area, the velocity

"v" and the accuracy "r" between 2 measurement curves are indicated in the upper

fields.

The lower loading bar allows loading an image to check the position of the signal-

triggering element. The sliders can be used to adjust the position of the image.
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3.8 Graphic

View Mode X
3.8.1 DIS |a mOde ehicles ositionin
pay “, | pO’ g@
vl Veh 1 Left Right
.. . . . Mvehz QO left @ Right
The depiction and positioning of the vehicles can be | ® Lot O Right
. . . . O O Left @ Right
determined in this window. O ® Loft O Right
O O Left @ Right
"Vehicles*: This column lists the vehicles that are | O S g o
shown in the diagrams and the Movie. = S 9
O ® Left O Right
"Positioning": Here you can state from which direction g gf: gSg:
(<] ig
the vehicles should approach and position the re- g 3@ ggz:
spective curve in the diagram. H Qe © font
3.8.2 Diagrams
The following diagrams can be created:
Path-time diagram Diagrams %
. . Di ; 7
Path-velocity diagram I:KI] e P
] ] ) [ path-velocity diagram
Tlme-Ve|OC|ty dlagram D Time-velocity diagram
[ simulation diagrams

Simulation diagrams

Only the curves for activated vehicles are displayed. Die phase limit for each curve

is marked with symbols.

General phase limit: small circle
Reaction start: square

Start of braking: little filled square
Collision: filled square

The lower area of the diagrams shows the key to the curves. It contains the vehicle
number and the name of the driver. To edit the text, click on the field and use the
right mouse button to open the menu for properties and text insertion. The vehicle

numbers has to remain unchanged, otherwise standard text is displayed.
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After clicking on a curve or using the tab key, you can shift the curve with the cursor
keys or your mouse.

On the right, you'll find the chart toolbar, which allows you to quickly manipulate

various chart display options.

st 1 Using the top 3 buttons, you can switch between time-distance chart (1),
«t 2 speed-time chart (2), and distance-speed chart (3).
v 3
| g 4: Opens the axis positioning dialog.
- 5 5: Opens the curve positioning dialog.
A G
v 7 6: Toggle display of phase names along the curves.
[1 8 7: Showlhide reference curves for the front and rear of the vehicle. By
? 9 default, the main curve represents the vehicle's center, and the reference
curves' distances correspond to the vehicle's geometry data.
¢ 10 d d to the vehicle’ d
E 11
8: Show/hide grid lines at phase boundaries. These lines are parallel to
the axes.

9: Add a scaled copy of the chart to the movie. When you click this button, a scaled
copy of the chart is added to the movie. The chart copy retains the current chart

view. Clicking the button again updates the chart copy.

10: Chart settings: Opens graphic options for displaying the elements of the chart.
The settings in this dialog are saved as general properties for all your reports. The
inputs are chart-specific, allowing you to assign different layouts, for example, to a

time-distance chart compared to a dynamic simulation chart.

11: Exit: Closes the current chart. Any drawing elements created will be retained

when the chart is reopened.
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3.8.2.1 Path-time diagram

This diagram graphically depicts the relation between path and distance for all acti-
vated vehicles. Path is shown on horizontal axis, time on the vertical axis and the

respective zero point is positioned in the point of intersection.

Time progresses along the axis from top to bottom. The time distance from zero
point indicates the respective time at a certain point. If f.e. the collision is positioned
in the zero point, all time values refer to the time before the collision. A position in
the upper area of the graphic indicates an early collision point in time and vice versa.

If you shift the path-time curve in vertical direction, the position of the vehicle at a
certain time has to change as well. If you shift the curve upwards, the vehicle drives
off sooner and the final position is achieved earlier as well. The vehicle’s position

along the driving line in the Movie changes according to the current point in time.

Example: The current position of the hairline cross is at two seconds. The program
investigates which distance the vehicle has covered up to this moment. We assume
that the vehicle has covered 10 m in 2 seconds, hence, it is positioned 10 m after
the beginning of the driving line. If you shift the path-time curve upwards, the dis-
tance in 2 s has increased and can f.e. amount to 15 m. Therefore, the vehicle is

shifted 5 m along the driving line.

A horizontal shift of the path-time diagram changes the displayed coordinates, how-
ever, the covered distance as well as the position of the vehicle in the Movie stay

the same.

3.8.2.2 Path-velocity diagram

Depicts the relationship between path and velocity graphically. Path is illustrated on

the horizontal axis, velocity on the vertical one.

3.8.2.3 Time-velocity diagram

Depicts the relationship between time and velocity graphically. Time is shown on

the horizontal axis, velocity on the vertical one.
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3.8.3 Positioning of axes

The distance and time axes can be scaled in this window.

"Automatic scaling": If you choose this option, | aes Pesitioning

curves are shown in maximum size; otherwise, | [#xesscaing p—
Automatic scaling

X
the length of the time and distance axes can be | cuveless frame: 0 %

Time axis Distance axis

Above 0lls Left: 220 m
activated, neither the Zooming function nor the | pown: | %05 [ Rght: | 20m

specified directly. If the ,Automatic scaling” is

shift of axes are possible.

Help

Preview

"Curveless frame": The width of the frame can

be stated as a percentage.

3.8.4 Positioning of curves

This menu item offers you two different ways to position the curves. Furthermore,

you can also insert the position of a phase limit in the main data mask.

"Mode: Enter values™: You can directly enter the ,coordinates” of a defined point, i.e.
the phase limit, here. A positive target value means that the defined point shall be
positioned before the zero point, a negative value positions it after the zero point.
Analogously, a positive path value indicates a position in before of the zero point, a
negative value after the zero point. For a curve that should be drawn on the left side,
a positive value indicates a position to the left of the curve; for a curve that should

be drawn on the right side, a position to the right of the zero point.

"Mode: Reference point": Insert the points (phase limits) at which the two selected
curves should intersect. You can also open this dialogue box with a double click on
the respective vehicle, hence, you can directly amend the positioning (either to the
left or to the right of the time axis) of the curve. Moreover, you can also shift the

curves on the graphic screen.
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"Depict curve": Functions similarly to the menu item | curve positioning
,Display mode*. venicie: M~ port [0 ] | <X

Mode Coordinates Camee!

" . . . " .. ® Enter values Path: |-2081  m View
Drawing direction”: You can position a new curve | o oo e,

Help

IIII X

Match reference point with

Vehicle: Point:
functionality is similar to the one of “Display mode” Depict curve

to the left or right side of the time axis. Again, the

Drawing direction: Q Left ® Right

and curves can also be shifted on the graphic

screen.

Tip: The position of the axes in relation to the curves can be shifted in the ,,Coordi-

nates” window.

3.8.5 Movie

A previously calculated driving manoeuvre can be depicted kinematically in the
Movie. Each vehicle is illustrated with the vehicle itself, its driving line and the cal-
culated distance-time data set. The driving line is created with the help of a so-called

“Spline”, i.e. an editable line.

The vehicle follows the driving line with its centre, i.e. the middle of its wheelbase in
this case. The back wheels follow the line in a way that the centre is positioned at
the intersection of the prolongation through the rear axle and the curve normal. A
side slip angle can be stated for the initial point of the movement. It is further calcu-

lated in the sequence.

The program does not verify if the suggested driving line is possible in consideration
of lateral acceleration. It is necessary that the track is unequal 0 and the wheel base
as well as the overhang are not too small. If you choose a pedestrian as vehicle
type, the program automatically loads a suitable set of vehicle data which you should
not significantly change. The path proposed in the data file corresponds with the
one of the centre. If the spline shows an arched course, a path integral is calculated
to ensure that the distance covered on the screen conforms to the one of the data

set.

You can view the Movie sequence in real time or in slow-motion. The lower area of

the Movie window features a bar to control the temporal sequence.
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ECI I

= [ - J[e]r]s]&]o]- o000s

If you position the mouse on the slider and hold the left mouse button pressed, you
can drag the vehicles forwards and backwards. A click to the left or right of the slider
shifts the vehicles in middle-sized steps. The time display complies synchronously

in the path-time diagram.

E.. Positions the vehicle in the point of recognition (after vehicle selection)

R.. Positions the vehicle in the point of reaction (after vehicle selection)

S.. Positions the vehicle in the point of build-up (after vehicle selection)

B.. Positions the vehicle in the brake point (after vehicle selection)

D.. Positions the vehicle in a defined point in time (more information see below)

o.. Position the vehicleint=0

3.8.5.1 Definable point

A right-hand click on the button ,D* opens up the menu ,Define significant point®.

Define Significant Point X

O Venhicle Beg. of phase:
® o fixed point in M{E

‘ View ‘ ‘ Cancel ‘ ‘ OK ‘

You can either select a fixed point in time or the beginning of a phase for a certain
vehicle. Confirm your selection with “Save”. If you now select “D”, the Movie is im-
mediately directed to the defined point in time. If the starting time of the chosen
phase changes, the defined point is updated as well. The selected point in time is

also saved in your report.

3.8.5.2 Direct time input

Move your cursor to the time display and click on the left mouse button - ‘_"‘O 00
| i 5
to open up the menu for direct time input.
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The Movie jumps to the specified time immediately. Go to time: %

0,00052

3.8.6 Setup

"Factor": Choose a factor between 16 : 1 (very slow)to 1: 1 (realtime) upto 1: 16

(very fast) to define the executing speed of the Movie.
"Auto repeat": The sequence is always automatically restarted.

"Priority": Change the processor perfor- wovi|

Movie

mance of the Movie here. If you select “Prior- fast - slow

Factor: 12 J

ity: High”, no other program can access the

. [[] Auto repeat  Priority: Normal hd
processor resources during the sequence of

Veh. positions

the Movie and a maximum performance of [ interval of stroboscope: TS
Start at

AnalyzerPro is ensured. However, f.e. if you @®Begin O Zero O End

want to create an avi-file from the Movie, you [ stroboscope till t=0

need to grant the program you use for it a [ Phase boundaries

. ) Draw mid positions in dotted line
certain part of processor capacity and select

s ” « - [[] Stop movie att=0
Priority: Normal” or “Low” instead.

"Interval of stroboscope": If this menu item is activated, the positions of the vehicles

are drawn in the specified time interval.

"Start at Begin/Zero/End“: Choose the starting point for the first time interval. If
“Zero” (zero point) is selected, the activated visual radii are always drawn. Granted
that the starting and end point are not at the same time, the visual radii are only

drawn if the time increment is equal or a factor of the time difference.
"Stroboscope till t = 0": Only the positions before time = 0 are shown.

"Phase boundaries": If phase boundaries are active, the positions of the vehicles

are drawn there.

"Draw mid position in dotted line": In order to facilitate the differentiation to Movie
positions (dynamic positions, continuous lines), you can draw mid positions (static

positions: stroboscopy, phase boundaries, start and end position) with dotted lines.
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If both a dynamic and a static position are drawn on the same spot, both lines are
normally deleted, however, mid positions with dotted lines remain definitely visible.

"Stop Movie at t = 0": You can choose to stop the Movie at time = 0; the sequence

proceeds again with a click on the Play-button.

3.8.7 Lines of visibility

(Icon: *):
Lines of visibility serve the determination of | Lines of sight X
the first sight. You can select various combi- | rtnesofsight
) ) L L \ to vehicle
nations of lines of visibility by clicking on the 1 2345678910111213141516
_ - — 1 O0O000000000oooogd
respective position in the table. The default 20 O00000000000000
ng specits hat the saring pointof he ||| B35 ASAFSAREREE
setting specifies that the starting point of the 4
v o . :BBER-CHEesEeesEe
lines of visibility (eye point) is positioned in ' 7HEHEHEDDEHEEEEEE
. . . . 8
the middle of the wheelbase in longitudinal |||, ; AoOoooooo ooooooo
. . . . . . 10000000000 O0000c
direction and in the point % of vehicle width |||" \\OoOoooOooooo ooood
. : . . T 1200000000000 O0000
in transverse direction. The line of visibility 1000000000000 000
_ _ _ 1« 0000000000000 00
ends in the mid front of the other vehicle by 1s00000000000000 0O
1« OO0O0O0O0O000000000O0
fault. Both poin n ition iffer-
default. Both points can be positioned diffe -
ently by clicking on and shifting them. All set- | vonine:
. Veh.: 1>
tlngs are saved. [ interior mirror Seftings
[ Left miror OK
"Delete all": Deletes all input data with one || [IRrignt miror

click. Single input values can also be deleted

by clicking on them a second time.
"Show": Visualizes the lines of visibility. The entries in the table remain unchanged.

You can decide to show lines of visibility for the interior mirror, the left exterior mirror
and the right exterior mirror. Define the mirror width, the position relative to the eye
point and the angle relative to the lateral axis in the menu “Settings”. The position
of the eye point is the same as the one already stated as starting point for the lines

of visibility.

190



"Distance (lateral)“: Distance between the eye point and the midpoint of the mirror

in lateral direction to the vehicle’s longitudinal axis.

"Distance (longitudinal)": Distance in longitudinal direction to the vehicle’s longitudi-

nal axis.
The position of the eye point can also be ad- | set interior Mirror : Matthias Schmidt X
justed. The coordinates relate to the centre of | e e e
Mirror width: yibscm
the vehicle (0]0).
5 -He\p

You can define the visible angular area numer-
ically, then the angular position is ineffective. F—

Alternatively, you can use ,Calculate” to com-

pute the visible angular area from the angular el '(‘sz'jcm) 2 )
Visible angular range:

position and optimise the angular position af- e [T

Calculate

terwards_ Length of line of sight \ 100 m

"Optimise": Calculate the angle for an optimum mirror adjustment. “Optimum”

means that the visible angular area is positioned symmetrically to the vehicle, in the
case of the exterior mirrors with a line of visibility directed backwards and parallel to
the vehicle. If the vehicle falls below the value required by EU regulations, the angle

is increased accordingly.

3.8.8 Fix

You can either choose this menu item or click on F3 to create a copy of all visible
vehicles including their brake or flashing lights at the respective position. These cop-

ies are not linked to a driving line and can be shifted and rotated freely.

3.8.9 Fittime

With this option, you can let all curves in the diagrams as well as the Movie se-
guences of all vehicles start at the same time. All vehicles for which distance-time
data is available are equipped with a phase of constant velocity (resp. standstill) at

the beginning. Therefore, the missing time to the curve starting first is determined.
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If a phase different from one with constant velocity is desired, you can change it in
the distance-time data mask.

3.8.10 Shift curves to zero point

This option shifts all active curves (i.e. of activated vehicles) from their current time

to zero.

3.8.11 Show sensor

Displays sensory data in driving dynamics.

3.8.12 Large timer

It might be necessary to show a large timer for presentation purposes. The time
available under Graphic - Larger timer can be further enlarged if desired. Move
your mouse to the window frame and hold the left mouse button to extend the win-

dow. The font size is automatically modified.

3.8.13 Graphics utilities

According to the currently active window (Movie or path-time diagram), the associ-

ated utilities are available.

3.8.131 Maximize

(Icon: “) Selects the smallest possible scale with which all objects are visible in

the window.

3.8.13.2 Grid

Point: Draw grid points only.
Cross: Mark grid points with crosses.
Line: Draw gridlines.
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You can adjust the grid intervals (dx and dy) in x and y direction. The default setting
is 5 m each.

3.8.13.3 Movie Scale

(Icon: X) Insert the scale for the Movie dis- | \1ovie scale %
play. A print-out then shows the same extrac-

tion that is also visible in the window, hence, seae 1 [ho7 =

the picture section changes with the scale. If | ok | [ Cancel | | Help

the scale shall remain unchanged, the picture section should not be zoomed any-
more. Therefore, it is advisable to adjust the scale immediately for printing only and

shift the section if necessary.

As the page format does normally not comply with the screen format, a space at the
top/bottom or on the sides can be left blank at the printout. In order to avoid this,

control the section under “File/Print review” before printing.

Tip: If it is impossible to show the desire picture on one page with the desired scale,

use two printouts with overlapping picture sections instead.

3.8.13.4 Psychoman

This is a visualization tool for the movie that highlights specific body parts of a sam-
ple driver in yellow, depending on the current phase of the selected vehicle. The
highlighting is intended to illustrate which driver action is particularly relevant or ac-
tive during the current phase.

3.8.135 Coordinates

(Icon: _|_) Choose this option if you want to display the current Movie coordinates
of the vehicles analogously to the Path-time diagram. The position of the displayed

coordinates can be changed in the Movie settings.
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The distance corresponds with the one in  coordinates B

Pasition t from Start

the distance-time diagram at the same time, = = — m t= 87185 | t= 1282 s
. Vel (m) Phi Radi (m/s?)
thus, the start value needs to be considered. [ it ol Tl T oo

Distance has to be viewed as a relative

value instead of an absolute value and is measured resp. calculated along the curve.
The vehicle arrives at the zero point at the time at which the curve and the time axis
intersect in the diagram. If the vehicle drives beyond this point, all values become
negative. Usually the collision point corresponds with the zero point in the diagram;
then, you can determine the distance to the collision point from the information given
on the distance.

The first row show the position of the crosshairs in the distance-time graphic, the
time of the Movie from the beginning and from the end and below that the vehicle
coordinates. The distance position complies with the distance-time curve at the cur-
rent point in time. Velocity, acceleration, curve radius (centre of vehicle) and lateral
acceleration (= acceleration in transverse direction to the vehicle) are stated at the
current point in time as well. Furthermore, the yaw angle and the steering angle are
indicated.

Distance-time diagram:

To change the position of the crosshairs which appears with the activation of the
coordinates, click on it first; it is now depicted with dotted lines. Next, you can shift
it with the cursor keys or with your mouse. For the latter option, position your mouse
either within the square or at a line. When the mouse pointer changes its form to a
cross or double arrow, hold the left mouse button and shift the crosshairs.

Cursor up / down: Increases / decreases the duration down to zero point. The path
position of the vehicles, the current velocities and the accelerations at the moment

are displayed. At the same time, the vehicles in the Movie are positioned accord-

ingly.

Cursor left / right: The distance between the crosshairs and the zero point is in-

creased / decreased. Vehicle data is not affected.
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3.8.13.6 Pan

(Icon: ‘ :) Shift the picture section together with the background object (if existent).

3.8.13.7 Measuring tape

(Icon: &) This menu item allows you to measure distances with your mouse. Move

the mouse pointer to the starting point, hold the left mouse button and move it along

the desired distance. The relative coordinates (distance and time) are displayed in

the status bar below. Use the measuring function as long as the button is activated.

For the selection of objects, you need to deactivate it again.

3.8.13.8 Label

(Icon: T) You can label the Movie as well as the distance-time diagram. The pro-

cedure is analogue to the drawing of a rectangle. The size of the created rectangle

determines the size of the text window.

"Font name": The selection of fonts depends on your Windows setting.

"Font size": The font size is either indicated Properties|Colours and Lines Font |

Font

as fixed size or in % of the rectangle size (if SR

Font size:

justification mode is activated).

[ Bold
Depiction: ,Bold, Underlined, Italics and [] ktalics
Strikethrough are possible. Alignment:
Text input

‘Century Gothic

5~

[[] Underlined
[] strikethrough

=

[ Fixe

‘Centered

=

"Alignment": Aligns the text within the rectan-
gle. If the “Justification” mode is chosen, the
font size is automatically adapted to the size

[¥] Show in 3D
of the rectangle, under consideration of the

percentage stated previously. The pre-set printing scale affects the text window and

consequently the font size.

"Fixed": Choose this option to keep the font size irrespectively of the scale; other-

wise the font size changes proportionally to the printing scale.
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"Text input": You can enter several lines of text. The key combination Ctrl + Enter

functions as row separator. Given that the rotation angle is not too big, multiline text

can easily be shown in rotated direction.

Like a normal drawing object, you can distort, shift and rotate the text.

3.8.13.9 Draw line

(Icon: 7”L) Draws an arched line object (,Spline®).

3.8.13.10  Traffic lights

(Icon: ﬂ) Up to ten different traffic lights (labels: A,
B, ... J) can be created. The labelling of the traffic
lights has a meaning for the Movie as well, as the
traffic light phases are synchronized based on it. The
duration of the phases and the filling pattern of the
bars can be adjusted in the respective “Settings”
menu or with a double-click on a traffic light phase.
Alternatively, you can open the distance-time dia-

gram and load the “Settings” menu via the traffic light

button (ﬂ).

Proper‘ties\ Colours and Lines Traffic Lights

Traffic Lights

Depiction

CLight A
[ Light B
[ uigntc
[ Light D
[ Light E
[ Light F
[ tight G
[ Light H
[ uight |

[ uight J
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The temporal sequence of the traffic light can be

DLghifphAj o adjusted directly in the distance-time diagram by
] @® Fu . .

E@ o;oLd selecting the respective bar; keep the control key

] o5 Typectuaticign pressed to select multiple bars at one time. After-

:I’Til @® Normal

B L wards, move your mouse up or down with pressed

: zzl: O Tumn right . ]

o [ | osme left mouse button. The other option is to state the
Bl O receston sequence numerically in the settings.

Total time: 29 s
Time: End of green: 4£|: s
From start of the sequence: 25;': s
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The duration of each traffic light phase can be determined here. The “Total time”

shows the time needed for the entire phase cycle.

After defining the traffic light and synchronizing it with the driving processes, you

can show the traffic light in the Movie. Press the icon B and select the appropriate
traffic light number. The traffic light is automatically depicted in 2D and 3D.

3.8.14 Properties

All vehicles, their lines, line objects and other drawn elements, text and traffic lights
are recognized as objects. Their properties, f.e. colour, line thickness, pattern, can
be adjusted in this menu. Furthermore you can also change the properties of axes,
grid lines and similar objects here. The object properties depend on whether the

Movie or the distance-time diagram is activated.

3.8.14.1 Open the Properties window
You can open the Properties window in three ways:

e Open up an options menu with a right-click in the opened Movie window or

diagram window.
e Select the object and press the Enter key.
e Double-click on the desired object.

The available menu options depend on the selected object. The left part of the win-
dow lists the objects in hierarchical order (analogously to a directory tree). Select
your object of choice here. The right part serves the adjustment of the selected op-

tion’s properties.

The selected object is immediately selected in the Movie, marked in the directory

tree and its name is shown in capital letters: >-- OBJECT NAME.

You can delete objects or change their order and allocation in the Properties win-

dow. The directory tree is automatically updated.
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3.8.15 Build BMP sequence / AVI

(Icon: i) You can create bitmaps of the active window (Movie, driving dynamics
or coasting analysis) in defined time intervals and save them.

"From": Start time of the first bitmap.
"Until*: End time of the final bitmap.

The time values are transferred from the distance-time data to the Movie and can
be changed there. The simulation windows start at time 0 and run through the end

of the simulation.

The bitmaps are saved in the same file | serial images / Generate .avi X
as the report and receives the same | fme frame
. . From: [10,00 s until:  [0,00 s
name with a numerical supplement,
. B ) Interval: 0,040 s Frame rate: |25 f/s
f.e. the bitmaps referring to a report file
Number of images: 250
called “test.anl” are called | sowmoton (focto: 1
7] ” Directory
test001.bmp...test999.bomp”. Based [DrekorGoTacis =
on the time frame and the “frame rate [B] Generate serial mages
resp. the interval size, the program cal- | [ Gensrate avifie

culates the number of pictures it has to create. You can also produce a movie file

(avi format) with the bitmaps.

"Start": Initiates the creation process of BMP and/or avi files.
"Stop": Cancels the process.

"Slow motion": Decelerates the movie by the stated factor.

"Play“: Opens the media player pre-set in the Directories.

3.8.16 3D View

(Icon: 3\@-) The 3D view can be started from the Movie and the simulation and shows
the 3D depiction of the window from which it is called up. You can control the se-
quence either from the window from which you have opened the view or in the 3D

window itself. The Play button in the Movie starts the simultaneous sequence of the
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Movie and 3D. Please note that you can open several reports and projects at the

same time in AnalyzerPro, but you cannot open several 3D windows simultaneously.

Many 2D objects have a tab with 3D settings under Properties. All settings for the

3D are made there.

1234567 89101112 14 16 18 20

C S BN X E LI X KLY P Iy - Y

Zoom in

Zoom out

Move image upwards
Move image downwards
Move image to the front
Move image to the back

Move image to the left

Move image to the right
Turn to the left
10.Turn to the right

© 0o N o g bk wDdhdPRE

13 15 17 19

11.Turn to the front

12.Turn to the back

13.Position the camera

14.Position the sun and sources of light
15. Depict the z-x plane (side view)

16. Depict the z-y plane (front view)
17.Depict the x-y plane (aerial view)

18. Depict in x-y-z (diagonally aerial view)
19.Options (settings)

20. Exit: close the 3D window
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3.8.16.1 Position the camera

The positive x axis usually points to the right, the y axis to

the back and the z axis upwards, hence, the camera (vis-

ual focus) is positioned accordingly.

"Relative to veh.": You can position the camera inside a

vehicle and occupy its perspective during the sequence.

"Look at veh.": Choose this option to always direct the

camera towards the selected vehicle.

"Perspective": Zoom in or out in the 3D view (analogously

to the zoom factor of the camera).

3.8.16.2

Adjust and calculate the sunlight in the

input box ,Source of light".
"Intensity": 0 — 100%.

"Angle horiz./vert.": Position of the

sun.

"Option compute solar position": With
this option you can calculate the solar
position at any time and in any place

of the world. The calculation assumes

Source of light and solar position

B ' Light source

Sunlight
Intensity: 80 9%

Angle:
horiz.: =77

Nerth direction
[ Display north
Position of compass
X: [10,0 v: (10,0
Rotation: 0.0

[ Display solar pos. in 2D

Sunrise Sunset

05:06

‘04;23

Official

Civil 20:36

Nautical [03:38 21:25

Astronomical ‘02:35 22:27

B'Cam.. — X
Camera position
Position X 4397 |
Position Y -41.41 m,
Position Z 1353 m
[relative toven|1
Camera rotation
7 axis 1353 Degr
Y axis -11.7 Degr
X axis 0.0 Degr
O 2
loom
Perspective 50,0 Degr
(~focal length)

19:57

- x
Option compute solar position

Calculate solar position

Date and time

DD MM YYYY: 1 5 2018

hh:| 12 mm o :I[:l Summer time

Time zone: UTC +/- 0 Hours

Coordinates

Longitude: -8,7500 -

Latitude: 51,7600 *

Coordinate data base

Ireland -
Munster hdl|

Gallatrim (Cork)

oK Cancel Help

that the Earth is perfectly ball-shaped, therefore, you have to consider if mountains

or other surrounding factors might obscure the sun at its solar position. Further lim-

itations could be found with the weather conditions of the respective day, as they

might have made the sun irrelevant in certain situation.

To calculate the solar position, insert the longitude and latitude of the accident scene

as well as the date and time of the accident.

Hint:
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e Make sure that the right time zone is chosen. Central European Time is UTC +1,
Eastern European Time is UTC +2, London is UTC +0.

e The option "Summer time" adds one additional hour to calculations.

e Ensure that the coordinates of longitude and latitude are stated as decimals. F.e.

a latitude of 45 degrees and 45 minutes is inserted as 45,45°.

The 3D view shows North at top by default, however, you should always adapt the
orientation according to your accident situation. The “Compass” that appears when
you select the option “Display north” supports you in orientation. Next to the 3D
compass, a wind rose in 2D depiction is automatically loaded. You can relocate the
wind rose and rotate it afterwards so that it points to the North. The 3D view is then
automatically oriented to the North as well and the solar position is updated. Alter-
natively, you can also use the field “Rotation” in the “Light source” dialogue to

change the orientation.

The box "Display solar position in 2D* adds a sun depiction to your 2D window. Like
in 3D, the sun depiction is automatically adjusted to the rotation of the wind rose in
2D or 3D.

A coordinate database is stored. First select the country, then the region. Now enter
the name of the place. The database makes suggestions for the deposited locations

and then automatically enters the coordinates.

The different twilight levels are displayed in the lower left area of the window.

3.8.16.3 3D Options

Change the 3D window’s appearance in | 513p options -

X
this menu.
" n . Draw night sky
Draw sky": Draws a blue sky in the

Draw soil

baCkgfound- Draw bitmap from 2D window

OEO-

Draw shadows

"Draw Night Sky: Replaces the sky with Ambient brghtness: W

- O

%)

daylight with a dark night sky.
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"Draw Shadow": Shows shadows of 3D objects. Attention: Too many light sources

make the 3D display demanding for the PC.

3.8.17 Show 3D camera

This option activates a camera icon in the 2D window. The position and rotation of
the camera in 2D correlates with the observation point in 3D.

3.8.18 3D Model Import / Laserscan Import

Choose Graphic -> Import of 3D Models to import vehicles and landscapes in .obj
format. As the internal memory is artificially limited by many Windows systems, it
might be necessary to minimize the models mathematically. The program will auto-

matically do so in a few minutes.

Itis also possible to import files from laser scanners in €57 or xyz format. If you have
the choice, however, the .obj format is to be preferred as it can be handled more

computationally efficiently.

You can rotate the preview view by holding down the left mouse button. Further-
more, you can rotate the view via the control field or jump into the specified cracks.
It is also possible to switch between perspective and orthographic view.

Vehicles:

As a first step, please choose an .obj file via the file browser. The associated .mtl
file and .jpg file must be located in the same folder and have the same name. Alter-

natively, this also works with .e57 or .xyz files.

For example as follows:

Name Anderungsdatum Typ GroBe

&l straBe.jpg 05.07.2017 23:49 JPG-Datei 3 483 KB
| straBe.mtl 05.07.2017 23:49 MTL-Datei 1KB
] straBe.obj 05.07.2017 23:49 Object File 695 113 KB
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The vehicle is now loaded and positioned in the middle of the preview screen. Under
“‘Real vehicle dimensions”, you can determine the size of the green cube which
serves as an adjustment assistance for the 3D model. The geometric data of the
corresponding vehicle can be copied via “Copy values”. The red area symbolizes
the bottom panel and can be amended under “Height of bottom panel’. It determines
the vehicle’s height above of the ground in its original condition (without additional

deflection).

Many vehicle models are drawn with wheels. In contrast to the rotating wheels that
are added by Analyzer Pro, fixed wheels might be perceived as disturbing. If you
press “Depict cylinder”, two blue cylinders appear. You can position them above the

wheels with the help of “Overhang in the front”, “Wheelbase” and “Radius”. The op-

tion “Cut” will delete everything located within the cylinders from the models.

The options ,Shift”, ,Scale” and ,Rotate” allow you to position the model within the

green cube, however, in most cases the scaling factor will be sufficient.

If you have completed the adjustments of your model, click “Export” to save it in
.murkpkg format. Afterwards, you can load the new model as 3D model on vehicles

as usual (via Vehicle data -> 3D Model).

®aniPro12 mi=im|
e

mmmmmmmmmmm

Landscapes:
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Similar to vehicles, the following 3 file types must be available in the same folder:
example.obj, example.mtl and example.jpg. If you import data from laser scanners,

the data must be in €57 or xyz format.

Use the preview option to view the landscape and position it with “Rotate” and “Shift”

according to your wishes.

You can scale the landscape in 3 ways. The first option is to drag the stick in red-
white-red with the respective sliders to a position of known distance. Then you can
enter the real distance as “Real length of yardstick” to scale the landscape accord-
ingly. The second option is to scale the landscape like any other Bitmap after ex-
porting and inserting it into the Movie. The 3D model automatically adapts to the

scale.

The third option is via "Align model": To do this, you must know 4 sizes on your
model. From one measuring point you measure distance and angle to 2 target
points. In the preview, first click on "A" and then right-click on the location in the
model where your measurement point A is located. How do you do this for B and
C? Then select from which point you have measured. Now enter the distance and
angle to the other points. With "Align" your model is aligned and scaled in the plane.
A possible error is displayed under "New distance", the model is not distorted, only
scaled.

The landscape is saved with the button ,Export®. 4 files are created at the target

place: example.color.jpg, example.depth.jpg, example.info.txt and example.murl-
pkg.

These files may not be renamed and have to stay in the same folder as the report!

If you want to use the landscape, you can either keep the setting "After Export: Load
Landscape Directly" or load the file "example.color.jpg" into the movie using "Insert
Graphics" and scale it as necessary. Each time the 3D view is opened, it will now
automatically load the 3D landscape instead of the 2D Bitmap. The surface was

calculated from the model and is perceived from the wheels as such.
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3.8.19 Rectangle method (street survey)

(Icon: @/) Either the rectangular or triangular method | Street Measurement (Rectangle Methed) =.. X
rRectangle measurement procedure
are usually used for street surveys. For the rectangle | iengmsinm
method, two points on opposing roadsides are
marked and connected to a rectangle (mesh). Then
gle (mesh)

the distances of the points in longitudinal direction of

the street, their transverse distances and one diago-

Calculate

Delete

nal are measured. For the calculation of the first | no- [

mesh, all four sides and one diagonal have to be

Preview

Init

el

known, for the subsequent meshes, the left side is already assumed from the previ-
ous mesh. The second diagonal is automatically calculated. You can switch from
one mesh to the next with the button "<<", ">>", "w" and "M". At the same time, the
meshes are calculated and drawn in the Movie. The current mesh number and its

values are displayed. In the movie, the current mesh is highlighted.

It is possible to draw a smoothed line through the boundary points and activate/de-
activate it via the object settings. The same holds true for the depiction of mesh

lines.

You can correct the values of all meshes retrospectively or delete the first or last

mesh in each case. To re-open the calculation mask, perform a right-click on the
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graph and choose the menu item “Edit* in the pop-up menu. You can also call up

the ,Edit* window via the Properties window.

3.8.20 Triangle Measurement Method (street survey)

(Icon: 'A‘) Two fixed points are needed for this method. The distances of the points
to be measured have to be determined, then the relative coordinates of the meas-
ured points are calculated with trigonometric formulas. The field "tY" indicates
whether the measurement point is above (“+”) or below (“-“) the distance from FP1
to FP2.

With the definition of a third fixed point and the measurement of the distance to all
three fixed points, the location of the point is clearly determined. For each of the
value pairs of FP1, FP2 and FP3, the coordinates and thereof the weighted average
values are calculated. The flatter the angle, the smaller the weight of the calculated

angle.

In order to calculate the distances between the fixed points, you need to specify how
the fixed points relate to each other (cyclical or anticyclical).

The three columns ,Error F1-F2“ etc. shows the deviation of the calculated mean to
the value calculated from FP1 and FP2. If no value is stated in the column, the

program was not able to calculate it.

Triangle Measurement Method : Matthias Schmidt X
Base data
NTiE: |Hr\'ong\e polyline 1 - Y1 % FR2
Base BP1-BP2: 0,000 m BPZBPa:]Wm BP3—BP]:’W m ‘ YF’A‘M Fr2 W ‘ Cancel
Points

Pos dFP1] dFP2| dFP3| 1Y | X| Y|[Fehler F1-F2|Fehler F2-F3|Fehler

1

General offset:

0,000 m

Calculate

If the distance to the fixed points is measured f.e. with a laser device, the fixed points

can be marked with cylindrical pillars. Please consider in this case that the reflection
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of the laser point around the radius takes place earlier; the radius needs to be added
to the result. The program can automatically make this adjustment if you insert a
general offset, saying that f.e. an offset value of 0,05 is added to all input values for

calculation.

Use the Properties mask to decide on what shall be shown: the fixed point triangle,
measuring points, connecting lines between them or a spline through the measuring

points.

3.8.20.1 Import of Disto data

Start the import of data from a Disto device via the button ,Load". The importable
data can be a simple text file (in text format *.txt) or an Excel file (in format *.csv). It
is important that each row ends with the unit “m”, as the number in front of the “m”

is imported. The character count in each row may not exceed 25.

Example:

Time Position Measured value  Unit
20:31:16 10001 29,075 m
20:33:39 10002 1,775 m
20:33:39 10003 22,16 m
20:33:39 10004 23,914 m
20:33:39 10005 15,538 m

Before the import, the program asks you if 2 or 3 fixed points are used and if the
distances of the fixed points should be transferred. If you confirm the latter question,
the first values are used for it.

The numbers are transferred one after the other in the first row under dFP1, then
dFP2 and, if 3 fixed points are used, in dFP3. Afterwards, the process continues in

the next row.

In order to avoid mix-ups, you also need to transfer numbers for points for which a

measurement to a fixed point was impossible. Thus, it is advisable to conduct a
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survey with a reproached object with a distance of 0. After the import of data, you
can search for the point again and delete the value: Click on the respective field,

press the Return key and then the Delete key.

Import from a table

The second possibility is the import from a table.

fe.
F1-F2 F2-F3 F3-F1
5,632 6,871
= P-F1 P-F2 P-F3
1 6,871 5,32
2 7,8 8,96
3 5,67 12,8

The numbers to be transferred should contain a point or comma and at least one
decimal. The table can be created with Word, Excel or any other editor, however,
saving is only possible as a txt or csv file. Hence, simple formatting signs are allowed
between the numbers. For a measurement with only two fixed points, the first two

columns are filled with data; the third column (under F3-F1) has to remain empty.

If three fixed points are used, all three columns have to be filled with numbers. Com-
plete blank cells with a value of 0,0 if a measurement is not possible (f.e. because
a fixed point was covered). The number can be manually deleted after the import

again.

3.8.21 Draw

Important: The program saves all objects that are imported in the Movie or drawn
and imports them to the other windows (driving dynamics and collision coasting),
but not vice versa. F.e. if you draw objects in the module of driving dynamics, it is
only available there. Hence, we recommend to do most of the drawings and defini-
tion work (f.e. for a friction surface) in the Movie.
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The drawing tools can be found in the left monitor area by default and can be shifted
according to your preferences.

All drawn graphic objects can be re-edited with a right-hand click and the choice of

the Properties menu.

Many 2D objects have a tab with 3D settings under Properties. All settings for the

3D are made there.

3.8.21.1 Duplicate

(Icon: ) Duplicates a selected graphical object; you can also copy it with Ctrl + C

and paste with Ctrl + V.

3.8.21.2 Straight line

(Icon: \\) Choose the icon, move the cursor to the desired spot for the first point,
click with the left mouse button and keep it pushed while moving the cursor to the

desired end point.

In 3D the straight line can become a wall, a hedge, a guardrail, a garden fence or a

street dividing wall.

3.8.21.3 Arrow

(Icon: v\\) Among other things, you can use the arrow for dimensioning. Change the
form of the arrow in the Properties menu: Both for the starting and end point, you
can choose between None, Arrow, Circle, Straight. Each option except of “None”
can be further amended in terms of length and height. Moreover, you can choose

the automatic dimensioning and the depiction of the dimensioning in the menu.

Closed objects

All closed objects can be created in the same way: Click on the left mouse button
and pull out the object along a fictional diagonal with the mouse button pressed. The
length of the diagonal determines the object size. As the object is drawn with the

same size in x and y direction, either a square or circle is created. If you push the
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Alt key simultaneously to the pull-out of the object, the length and direction of the
diagonal determines the size and form of the object.

3.8.214 Circular arc

(Icon: ) Between two radii composing a right angle, an object is created. As each
of the radii can be rotated, you can adjust the opening angle as you wish. If you
activate the dimensioning function, the angle is displayed and the radii are drawn.

3.8.21.5 Rectangle

(Icon: L)) If you specify a height for a rectangle drawn in the 2D window, it is auto-
matically displayed as house in the 3D window.

General 3D objects and cuboids can also be loaded under the settings.

3.8.21.6 Oval

(Icon: CJ) The depiction of the oval consists of the boundary points and a point in
the middle, which you can shift to determine the form of the oval.

3.8.21.7 Ellipse (Circle)

(Icon: ©) Create a circle resp. ellipse with this button.

In 3D, a cylinder can be created here.

3.8.21.8 Line objects

You can choose between straight line objects (Icon: %) and spline curve line ob-

jects (lcon: 7'1,).

Create a line object by moving the cursor to the desired starting point and click on
the left mouse button. Move further to the next point and click on the left mouse
button again. When you have drawn all necessary points, perform a double-click or

press the right mouse button and the Esc key.
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You can edit each point by selecting the object and moving the cursor to the respec-
tive point. When the cursor changes to an arrow, keep the left mouse button pushed

to shift the point with your mouse.
Driving lines of vehicles are also line objects and can be edited in the same way.

If you move the mouse on a line object, a window stating the length of the line ap-

pears. You can adjust a permanent display of the length via the setting ,Dimension®.

Insert / delete a defined point: Move the mouse pointer to the desired spot and press

F9. Allocate the defined points more or less evenly with same distances. Curves are
adapted in a way that the tangent in the defined point shows in the direction of the
angular symmetrical line of the tendons between the two neighbouring points. A too

high number of points can be avoided by skillfully allocating the available ones.

Switch between straight / arched line sections: The curve mode allows you to create

straight line sections already while setting the points, if you push the key F11 before
placing the second point. You can also switch between straight and arched sections
for already created splines: Move the cursor to the respective section and press the
key F11.

Switch between open / closed line objects: In order to change a line object from

open to close and vice versa, click on the right mouse button and select the desired
setting in the pop-up menu. You can view the surface area of a closed line object

by moving the mouse on the line.

Connect polylines: Connects two line objects of the same type with each other.

Choose the two objects you would like to merge after each other; the cursor changes
its appearance when it has recognized a suitable line in the surrounding area. The
program connects the line objects at the ends which are the closest to the click

points. The connection is not reversible afterwards.

3D Depiction: If the z coordinate in the geometry properties is stated as greater than
0, the line object is illustrated 3-dimensional in the 3D window, whereby the depic-

tion depends on the following choices:
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e Terrain: The terrain is lifted within the polyline resp. spline. The height is de-
fined as the average value of the z coordinates, unless you choose “Absolute”
as a height; then it is automatically changed to the absolute value you have
defined.

e Prism: The polyline resp. spline is changed to a 3D object with the form of a
prism. If the outline is not convex, you need to ensure that the external point
distance is greater than internal to depict the deck area correctly. It might be
necessary to draw an additional point inside.

e Torus: Choose this option to create a torus based on the form of the polyline.
The width corresponds with the line width, the height is determined by the z

coordinate of the respective point.

Load (coordinates): Loading (of Coordinates): read points

The coordinates of the reference points of a p0|- D:\Arbeit\Update 24\Disto-Daten\16580 PNEZD original.txt

yline (including a route) as well as the points can

Unit: '/m

be imported from a text or .csv file. After select-  rreview - arrange the values

ing the file, both the comma symbol and the ignore =] x >l b M Eiljignare

i i 1 1 2974074591 778269.230 62.927
character separating the values must be speci-

2 2 2974080.309 778250.899 63.670
fied. Clicking 'Load' will display the preview. Fi- s 32074085018 778230494 64272
nally, it must be indicated which values repre- Help S
sent the coordinates. The input is confirmed with

'Transfer'.

3.8.21.9 Points (Crosses)

(Icon: "++) Places marking points with continuous numbers. The depiction of the

points can be changed in the Properties menu.

3.8.21.10 Curved ruler

(Icon: =) The procedure for drawing a curved ruler is the same as for curved line

objects. In the settings, you can specify the units in which the line is to be divided.
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3.8.21.11 Insert text

(Icon: T) Creates a text field. More information is available in chapter 3.8.13.8.

3.8.21.12  Label

(Icon: »'I) Creates an arrow with inscribable end. Insert the label in the respective
text field.

3.8.21.13 Crosswalk

. rosswalk : Matthias Schmidt X
(Ilcon: ~ ) Add a crosswalk to your acci- | .

(Lengths in m) 0K
dent sketch. The procedure is similar to the Tlera | 120 Cance
creation of straight lines, only that a field of |*%,"" Dl

. . . [] Normal
rectangles is drawn instead of a line. When |, ... h Crosswalk
05 Parking
you release the left mouse button, the ... ﬁ Broken ine
[ Parallel it
Crosswalk menu opens up. You can adjust | st 05 35 m

the left and right bar length, the bar width and the distance between the bars. If the
left and right bar lengths do not match, the length of the bars changes from left to

right and a trapezoidal crosswalk is created.

"Parking”, "Broken line" and "Crosswalk": Click on these buttons to automatically

insert the values of a parking space, a broken line or a crosswalk.

"Parallel in ... m": Positions a copy of the crosswalk in parallel with the defined dis-

tance.

"Normal™: The given length is used in a 90 degree angle.

3.8.21.14  Insert graphic object

(Icon: ﬁ) More information on the insertion of graphic objects can be found in chap-
ter 3.3.8.
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3.8.21.15  Group selection

(Icon: - “1) Combine several selected graphic objects with this button. You can shift
and rotate them as a group, as well as export them together as DXF files.

3.8.21.16  Utilities
(Icon: *) Opens up a utility file that features commonly used graphic objects for

copying.

3.8.21.17  Flip objects

(Icons: 4 (vertical) - ~= (horizontal)) Flip line objects by clicking on one of the icons

and inserting a negative scaling factor in the Properties menu:
Scaling factor X = -1, Y =1 => Flip around the horizontal axis.

Scaling factor X = 1, Y = -1 => Flip around the vertical axis.

3.8.21.18 Intersection

(Icon: -‘) Select the icon and click on the desired position in the Movie. The pro-

gram opens the Intersection menu and simultaneously draws a default intersection.

Intersection : Matthias Schmidt X
Number of exits: ﬂ
Direction (%) Sidewalk width(m) | Street Cancel
Road width (m) =[] geograpt | Offset (M) Radius (m) Curve (m) left right Length (m])
1 6,60 0,0 000 2,00 2,00 10,00 Cent.line Shoulder Lateral dist. 0,30
‘ | ‘ 6,00 9,42 ‘ | = = e
2 | se0 [ 900 | 000 e [ vaz 200 [ 200 [ 1000 Centline | [ Shoulder ateral dist. 030 [ Coloured
3 | s80 [ 180.0 | 000 300 ’W 200 | 200 [T10.00 | [ centine Shoulder Lateral dist. | 0,30 background
4 [ e80 | 270,0 [ 000 w00 | a2 200 | 200 [T10.00 | [ centine Shoulder Lateral dist. 0,30

"Number of exits": Define how many streets flow into the intersection; the number
has to range between 3 and 6. The exits are numbered counterclockwise from math-

ematical point of view.

"geograph.”: The direction can either be in line with the mathematical angular orien-
tation (right = 0°, top = 90°, ...) or with geographical one (North = 0°, East = 90°, ...).
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"Road width (m) ": Defines the width of the respective road.

"Offset (m)": The distance that the extension of the middle of the road goes beyond
the centre of the intersection. Positive value: From a centre point of view, the exten-
sion passes by on the left side; negative value: From a centre point of view, the
extension passes by one the right side.

"Radius (m) / Curve (m)": Specifies the curves between the exits. One of the values
has to be stated, the other one is automatically complemented.

"Sidewalk width (m) left / right": States the sidewalk width to the left and right of the
street. The direction left resp. right relates to the viewing direction away from centre.

"Street length (m)": Defines the length of the straight street away from intersection.

"Central line / Shoulder": Decide whether you want to draw a central line or border
line (shoulder) for the respective exit.

"Lateral distance": States the distance from the border line of the roadside.

"Coloured background™: You can choose between a depiction with coloured back-

grounds and one only showing the intersection lines.

The pavement height can be specified in 3D.

3.8.21.19 Street

(Icon: -) Drawing a street works like drawing a spline: Select the icon, define the
street midpoints with mouse clicks on the desired positions and perform a right

mouse click to finish the process and open the input mask.

Tip: The position of the defined points can be changed manually. Click on the middle
of the road and shift, add or delete points as you like. Sometimes the street’s middle
is covered by the centreline and cannot be selected. In this case you have to shift
the centreline and select it again. The correct position of the centreline is automati-
cally restored with editing. .

"Number of lanes": States the amount of street lanes.
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"Road width (m)": States the width of the entire street without sidewalk.

"Width of sidewalk left / right": States the sidewalk width. You can untick the box

next to it if no sidewalk should be drawn at all.

"Left margin": States the distance of the | street: Matthias schmit X

border line from the roadside here. Untick | M=o 2 R
Road width (m) 6,60

the box next to it if no border line should | w of saewakienr [ 200 B Height:| 010
Left margin: m

N

be drawn at all. Lane 1 B e I
Lane 2 3,00

n n M H D

Lane 1 - 6" Specify the width of each | to=? 5
Lane 4 3,00

lane. Lane 5 500 O
Lane 6 3,00 D

Right margin: 0,30
Width of sidewalk right 2,00 Height: 0,10

"Centreline": Decide whether a centreline

shall be drawn.

Left bank | Right bank O

Shoulders: 0,00 Shoulders: 0,00
"Coloured background": Decide whether Inclination: 0 inclination: 0

Height/depth: 0,00 Height/depth: 0,00
you want to depict a coloured back- Platequ: 000 Plateau: 0,00

ground.

You can decide which type of street limits you want to use for the 3D depiction. Next
to a sidewalk with editable height, you can also choose to depict banks and shoul-

ders.

"Height": Defines the sidewalk height.

"Left / right bank": Decide whether banks shall be drawn.
"Shoulders": Insert the width of the shoulders.

“Inclination”: Draw a slope with a negative value and an inclination with a positive

value.
"Height/depth™: Refers to the difference in height compared to the bank.

"Plateau”: If you insert a value > 0, a stripe with the defined width is added to one of

the banks resp. slopes.

Tip: You can also draw streets with a transverse gradient. Define an appropriate z

coordinate for the street border lines to the left and the right, f.e. -0.2 on the left and
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+0.2 on the right. Starting from the middle of the street, the street is then linearly

lifted by 0.2 and linearly lowered by 0.2 to the left.

It is important to schedule the numerical input and the amendment of single line
courses only after the drawing of the street is completed. It the street or the street
lines are edited afterwards, all manual changes are deleted and the street is newly
built.

3.8.21.20 Roundabout:

(Icon: .) Select the icon ,Insert Roundabout and move your cursor to the position
where you would like to insert the roundabout. A click with the left mouse button

draws a default roundabout and opens up the menu for further adjustments.

Roundabout : Matthias Schmidt X

Number of exils .+ B Number of tracks 1 =] Tr. width (m) 500 Island radius (m) 300 Locked area (m) 100 | Help OK Cancel

draw ir ¥] Draw border line
Track width Pavemen t width {m) B Draw fracks braw barder fn

Access(m) Entrance (m) Direction (°) Inc.(®) Left Right Conn. {m) Side dist Island Width Left Right

I 330 3,30 0.0 90,00 2,00 2,00 5,00

2 330 330 $0.0 £0.00 2,00 2,00 5,00

330 3.30 180,0 %0,00 2,00 2,00 5.00
330 3.30 270.0 90,00 2,00 2,00 5,00

ooon

"Number of exits": Select how many streets shall flow into the roundabout; the num-

ber can range between 3 and 6.

"Number of tracks": Define how many tracks the roundabout should have. The total
radius of the tracks is composed of the number of tracks multiplied with the track
width.

"Draw tracks": Determines whether lines shall separate the tracks in the roundabout.

"Background coloured": Choose between the coloured depiction and the one with

lines only.
"Draw border line": Choose whether you want to show external border lines.
"Track width": Insert the width of the tracks in the roundabout.

"Island radius": Adjust the radius of the island in the middle of the roundabout.
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"Locked area™ You can create an additional locked area with a specified width

around the island. If this is not needed, insert a value of “0”.

"Track width Access / Entrance": Specifies the width of the roads entering the round-

about at their starting and end points.

"Direction"; States the direction in which the exits shall leave the roundabout. The

numbering starts with the axis on the right (0°).
“Inc.": Enter the degree of street inclination if applicable.

"Pavement width left / right": States the width of the pavement on the right and left
roadside. An average value of both is calculated for the transition area.

"Connection": States the length of the access road.

"Centre line": Activate/deactivate the centre line for each access road.

"Shoulder line": Activate/deactivate the border lines for each access road.

"Side distance": States how far the border lines shall be depicted from the roadside.

"Island": A tick on this box replaces the centre line with separating island. The length

of the island corresponds with the length of the access road.
"Width": Modify the width of the separating island here.
"Acess roads left / right": state the number of access roads to each exit.

Island height and pavement height can be specified in 3D.

3.8.21.21  Traffic sign

(Icon: 4§) A click on the button ,Insert traffic sign“ changes the appearance of your
cursor. Click on the position where you would like to add a traffic sign. The Traffic
Sign menu opens up automatically. The “Region” determines whether European or

American traffic signs are to be displayed.

Choose the traffic sign you want to use first. You can navigate through the selection
either with the slider on the right side or with the outline types depicted on the left

side of the window. The rhombus type directs you to all signs which cannot generally
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be allocated to one specific type (f.e. St. Andrew’s cross). When you choose a traffic
sign with the left mouse button, the appropriate windows are unlocked in the right
area. You can decide if the traffic sign shall be positioned on a pole in the 3D depic-
tion and adjust the height of the traffic sign. To change the size of the traffic sign,
either choose one of the standardized sizes of various countries, which are listed in
the dropdown menu, or enter the dimensions directly. If you tick the box for “Ground
marking”, the 3D traffic signs is positioned on the ground. A click on the button

“Load” inserts the chosen traffic sign in 2D and 3D.

Traffic Signs X

® @ Region: USA v
| 3D Presentation

Ground marking O

@ @ @ Height of the pole 3,00 m
Depict pole:
Standard sizes:
@ @ @ USA - Multi lane ~|
Side length triangle: 100 cm

<100 >

Diameter circle: 100 cm

sugpe (0)3) Side length of rhombus: 100 cm
m Rectangle:

Height: Width:

': 'a 122 cm 122 cm
‘ Help ‘ ‘ Cancel \ ‘ Load ’

If you shift the sign in the 2D depiction, a line is drawn

from the original to the new position. In the 3D view, the

traffic sign is always shown at the position at which the

Position in 3D

line ends. If you delete the line, the 3D traffic sign is drawn

in the centre of its 2D equivalent.
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3.8.21.22  Sample

(Icon: ") Select the vehicle you want to Place Vehicle Positions X
copy in the dropdown menu. The program

by i P ) Prog Vehicle: KN ¥ Use DXF
automatically uses the vehicle type you have []3D
set for the respective vehicle in the vehicle

data menu. With a tick on the box ,Use DXF“ you can load a potentially available
DXF instead of the standard form. Select the “OK” button or perform a right-hand
click to close the menu again. If "3D" is checked, a 3D model will also be loaded at
this point.

3.8.21.23  General graphic objects

(Icon: ?) You can use the dropdown menu to select an object. Use the left mouse
button to move the object to the desired position (as long as the dialog is open). In
2D and 3D, the corresponding object is now loaded. You can select the type of
objects using the 4 buttons in the left-hand dialog box: Houses, trees, large objects

and small objects.

Set object

Ash
Birch

3.8.21.24 Measuring bar Q Name

(Icon: w™) By keeping the left s
mouse button pressed, you can :@ JLZZ:E:S

Maple

draw a measuring bar that also Q Paim

appears in 3D view. In the “Prop- Walnut

X " Spruce

erties” menu you can set up the =@= |Locust
raliny 3| Hep | [ ok

measuring stick in 3D.

3.8.21.25 Map import

(Icon: 2, ) With this module you can search for places in Google Maps or Open
Street Maps and insert them into the report.
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Open Street Map ] X

} salzburg Search %

Salzburg, 5020, Osterreich

Salzburg, Osterreich

Salzburg, Rennerod, Westerwaldkreis,
Rheinland-Pfalz, Deutschland 5
Chateau-Salins, Sarrebourg-Chateau-Salins, iy £

Moselle, Grand Est, France métropolitaine, 57170,

France L

Ocna Sibiului, Sibiu, Romania =5
Salzburg, BurgstraBe, Bad Neuhaus, Bad Neustadt
an der Saale, Landkreis Rhon-Grabfeld, Bayern,

Salzburg, Ergoldsbach, Ergoldsbach (VGem), i H
Landkreis Landshut, Bayern, 84088, Deutschland i

Salzburg, Forstinning, Landkreis Ebersberg, Bayern,

85661, Deutschland H e
Solivar, Presov, okres Presov, Presovsky kraj,
Vychodné Slovensko, 080 05, Slovensko
Salzburg, Steinhdring, Landkreis Ebersberg, Bayern, W L
85643, Deutschland .

O Google Maps ® Open Maps Help Copy map ‘ Close

"Copy map" inserts the current map section into the expert opinion in a scaled for-

mat.

The maps are scaled automatically with the exception of Google Earth maps - these

must be scaled manually.

If Google Maps is used and several map segments are copied when the module is
open, they are placed correctly next to each other. This has the advantage of being

able to copy longer routes in a more detailed resolution.
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3.9 Options

3.9.1 NumPad ON

The NumPad was programmed to enable you to work
with AnalyzerPro on touchscreen devices without key-

board.
"Inc": Increment.

"Dec": Decrement.

3.9.2 Reset working time WT to O

# Numpad X
1123 <
Inc
4 |51 6
H
/71819
Dec
0 , Del

The time display in the lower right corner of the monitor indicates how long you have

already worked on the report. If you want to reset it to zero, press the button “Reset

working time WT to 0”.

3.9.3 Calculator

(Icon: .) The calculator function in UPN mode and is
equipped with 5 stack register. After each numerical in-
put finished with the Return key (= Enter), the previous
numbers are shifted to a higher stack.

The ultimately entered number is placed in the lowest
stack = ,x register”, the penultimately entered number in
the “y register”, the number entered before that in the “z

register” etc.

You can interchange the content of the stack register
cyclically resp. anticyclically with the up and down cur-

sor keys.

B ' Calculato...

0,000

0,000

0,000

X < N~

0,000

0.000]

Grad

X
Format

[3 =]

Inv H

Pi

H ° <->Rad H

EE |

Sgn(+/-) H C (x) H R [ xA%) H RV (1/x] |

Sin(x) H Cos(x) H Tan(x) H - |
enx H yhx H Sto(x] H Rel(x) |
Clrix) H Clr(all) H ENTER |
7 8 9
[ - 4 5 6
Il 1 2 3
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If you use an operational key, f.e. ,+“ the calculation is conducted (y + x) which
means that the content of the x and y stack registers are added. The result is dis-
played in the x register. The values above the y register are moved one stack lower

then. The lastly entered number does not have to be finished with the Return key.

The function keys (f.e. ,sin“) use the last number entered as an argument (f.e.
sin(x)).
You can use the inverse function of each operation by clicking on the ,Inv* key im-

mediately before the respective function key.

"EE": Switch to exponential representation.

3.9.4 Editor

Opens up the pre-set editor. If a text file with the name of the report is not available
yet, you are asked if a new file with the name shall be created. If so, the program
additionally creates headings for all vehicles with data available. You can insert

comments or other kinds of labels to each vehicle in a later step.

395 Layerlist . s

_ | LayerList.txt - Editor —

Datei Bearbeiten Format Ansicht 2?2

The editor (note pad) shows a list [kaver e:

Line 1

featuring the objects in each layer.

3.9.6 Settings

Adjust general settings here.

3.9.6.1 Overview
"Language“: Choose AnalyzerPro’s language from the dropdown menu.

"Pre-set values": Insert the values you want to use as default values here. You can

specify Reaction time, brake buildup time and coefficient of friction.

"Deceleration selection box": You can decide whether the selection box for sugges-
tions regarding deceleration and acceleration values shall be displayed.
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"Messages — Display duration”: You can adjust
for how long you want to see messages that

close without confirmation of the user.

"Report text": Change the text in the printout

here. “Project” is the default setting.

"Printer / display — pixel factor": The pixel num-
ber used for the depiction on the screen is often
perceived as too small for the printer. You can
adjust about which factor the pixel number shall

be increased for the printer.

"Print scale": A tick on this box automatically ads

a scale to each report printout.

"Mouse wheel function™: The three options 0, 1
and 2 are at your disposal; their functions are

further described below the input box.

Settings

Viewing Angle Mirror | Traffic Ligl
Graphics settings ‘ Collision Analysis
General | Save | Directories | Calculation | Passenge
Language  [EFTELTNI - |
Preset values
Reaction time: 1s
Brake buildup time: 02 s
Coefficient of friction: 08
Deceleration sel. box
Messages
Display duration: 2000 ms
Report text
Project:
Printer / display - pixel factor: 3
[¥] Print scale
Mouse wheel function (0, 2): ,_0
0:Zoom+/- 1:Pan N/S 2:Pan W/O
[#] Mouse wheel zoom o. mouse pos.
Mesh width (cm): 5
Double click for properties
[“] Restore tool bar while zooming
[#] always use preset directories
Icon size:
O Small O Medium @ Large
OK Abbrechen

hts

r Stress

Hilfe

"Mouse wheel zoom on mouse position": You can choose if a zoom with the mouse

wheel shall relate to the current mouse position or to the centre of the screen.

"Mesh width (cm)": Specify the distances of the grid points to determine the coeffi-

cient of friction and the vertical coordinate. The smaller the value, the more precise

— but the required storage space increases as well.

"Double click for properties”: Decide if the Properties menu shall be opened with

double-click.

"Restore toolbar while zooming": If this option is activated, the toolbar is automati-

cally re-shifted to its pre-set position when you enlarge the window.

"Always use pre-set directories": Determines if all directories saved in the register

,Directories” shall be used.
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3.9.6.2 Save

"Save every .... min": Automatically saves the data in a backup file in the specified
interval. The backup file has a neutral name so that the current file is not overwritten.
If the program is stopped on an unusual way (program crash, power failure etc.), it
automatically opens up the backup file the next time. If you have exited the program

on a usual way, the backup file is deleted.

"Recovery file (*.bak)": If you want to save a file, but another one with the same
name already exists, a backup file is created in the file with the same name and the
ending *.bak. The recovery file is not deleted after the program exit, but can be

loaded at any time.

"Load last file when the program starts": Automatically opens up the file you have

worked on most recently.

3.9.6.3 Directories

Insert the full path to the listed file. The button next to the input field (! w) opens up
a browser to search for the directory.

"Calculator EXE file (alternative)": Adjust the path to the directory including an EXE-
file of the desired calculator. Leave the field empty if you want to use the Analyz-
erPro calculator with UPN mode. The Windows calculator is called “CALC.EXE” and

can be found in the Windows directory.

3.9.6.4 Calculation

"Colour selection for edit fields": For the ease of use, the graphic is shown with red
and blue cars in some modules. Tick this box to further facilitate the handling of the
program by showing the content of the input fields of a certain vehicle in the same

colour.

"Print results bold": Determines if the report shall be printed with bold results and a

description text.
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"Decimal separator”: You can decide between point and comma to separate deci-

mals.

3.9.6.5 Passenger stress
"Torso mass fraction": Effective fraction of the passenger’s body mass in %.

"Distance seat — rotation point": Indicates the distance between the rotation point of

the backrest and the seating surface in cm.

"Integration step (dt)": Time interval for the simulation calculation in seconds. The
greatest permissible value is 0.001 s, smaller values increase the level of precision
but also the time needed for calculations. Very intense and short impacts usually

require a small value.

"Show results running™: Tick this box to show the currently achieved acceleration

during the calculation of passenger stress.

3.9.6.6 Viewing angle

"Threshold range of angular speed":

"Upper limit": Upper limit of abnormality in rad/s.
"Lower limit": Lower limit of abnormality in rad/s.

"Praxis factor": The praxis factor helps to adapt the upper and lower limit applicable

for test conditions (lab conditions) to real-world conditions.

Use this value with caution and consider that it might deviate significantly in certain

situations!

3.9.6.7 Mirror
"Width interior mirror": Width of the interior mirror in cm.
"Distance interior mirror": Distance between the eye and the interior mirror in cm.

The values for the exterior mirror are entered analogously.
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3.9.6.8 Traffic lights

Pre-set the phases of the traffic light, f.e. according to country-specific characteris-

tics.

3.9.6.9 Graphics settings
"Grid": Draws a grid (raster).

"Pattern™; Choose the desired pattern from

the dropdown menu.

"Axes": Draws a coordinate axes to the origin

of coordinates.

"Veh. filled": Determine a default setting for

the colouring of the vehicles.

"Number veh.": Allocate numerical values to

the vehicles based on numbering.

"Wide traces": Skid marks are shown as thin

line or in tyre width.

"Line width of the veh.": Indicates the line

width in the vehicle depiction.

"Rounded vehicle shape": Decide if the vehi-

cle is depicted as spline (rounded) or polygon.

Settings X

Viewing Angle | Mirror ‘ Traffic Lights
General \ Save | Directories \ Calculation \ Passenger Stress
Graphics settings Collision Analysis
Movie

[ Grid Pattern: [=—=—t= v |
Axes [ Veh. filled

] Number veh. Wide traces

Line width of the veh: ‘1 Pix

[¥] Rounded veh.s Wheels in veh. colour
Diagrams Colours (@ Veh. (O Wheels

[l o - EEEEEEE -
Clroces || ny wmmmmes | —| 2|
] Nurrs mEEEE |
1 A tcting EEEEEES

Diagram line width ‘2
Draw brake light
[¥] Draw rays from brake light and blinker

E

Length of the rays:

Arrows
Length: 15 Pix [¥] Dimension
Height: 15 Pix

Font size: 7 ﬂ

Size of the centre line: 15 =

3

Layout (frame printing)

Font size: 5

Line width
Splines:

o |t

1
1

Lines: cm

K

‘ OK | Abbrechen | Hilfe

"Wheels in veh. colour": States if the wheels and the vehicle are shown in the same

colour.

"Draw brake lights": Decide if you want to show brake lights during braking.

"Draw rays from brake light and blinker": If you want to show rays from the brake

lights and blinkers you can specify their length in the input field below.

"Arrows": This block serves the setting of arrow dimensions.
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"Size of the centre": Insert the width of the centre line for all street-related drawing
tools.

"Layout (frame printing)": Decide on the font size of the movie frame in the printout.
"Line width": Determine the splines and lines of line width.

"Antialiasing": Should the graphics card use antialiasing in 2D? This setting attempts
to blur the "pixelation" of lines. The side effect may be that lines are perceived as

slightly less color-consistent.

"Resize Images": If this is selected, all images with more than 8192 pixels in one of
the two main axes will be scaled down to this maximum value. This can be useful

for less powerful graphics cards.

"High 3D Import Quality": If selected, 3D photogrammetric imports are exported with
higher detail. This results in more detailed files but may be more demanding for

some graphics cards to handle.

"Left-Hand Traffic": When this option is chosen, 3D models are mirrored along their

longitudinal axis, causing the driver to appear on the side typical for left-hand traffic.

3.9.6.10 Collision analysis

“Intrusion duration veh-veh": Duration from the first contact of two vehicles (passen-

ger cars) to the point in time at which the impact point shall be positioned.

"Intrusion duration obstacle": Duration from the first contact of the vehicle and the
obstacle to the point in time at which the impact point shall be positioned. The impact
duration and consequently the penetration duration have to be shorter for solid ob-

stacles. The value has to be further decreased for collisions with high velocity.

"Spring strength": Factor by which the spring strength increases in fully deflected

position.

"Damping strength": Factor by which the spring damping increases in fully deflected

position.
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"Centre coordinates": You can choose if the values in the collision analysis shall

relate to the centre of the vehicle or on the vehicle’s centre of gravity.

"Extended collision analysis — open interface": Decide which mask is opened with a
click on the respective icon. You can switch between the masks with the function
key F4.

3.9.7 Colour

Opens the colour table from which you can choose the colour of selected object.

3.9.8 3D Settings

Further information is provided in the chapter ,3D Options*.

3.9.9 Select and edit objects

To select an object, move the mouse pointer close the object. When the mouse
changes it appearance, you know that a certain object is active and can click on it
with the left mouse button. The defined points of the active object are surrounded

by a square now.

If an object is positioned behind another one, you cannot select it with the left mouse
button. Either change the object order with the right mouse button or select the front
object first and pass on the selection to the object behind with the tab key. You can
also use the settings definition: Select the desired object in the tree directory (left
side of the window) of the Properties menu (right mouse button/Properties) and exit
the window with OK. The object is selected now.

The appearance and form of line objects can be changed retrospectively with your
mouse or keyboard. Another option is to change them in the Properties menu, f.e.
by numerically entering the position of points for a spline or the length and width of

a rectangle.
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3.9.9.1 Selection modi

Distortion and shift mode: A total of 8 points appear in distortion and shift mode: The

4 corners of the rectangle and the midpoint of each side. Dragging a corner point
enlarges the object in x and y direction with constant proportions, dragging a mid-
point only enlarges the object in one direction. If you drag a corner point and push
the Alt key simultaneously, you can also enlarge the object in only one direction.

Dragging any point except of corners and midpoints shifts the object.

Editing mode: In editing mode, the curve end points appear instead of the points

described above. You can edit them by moving the cursor to the desired point and
shift if with the left mouse button pushed. If you drag no specific point but one in the

middle, the two neighbouring points are shifted in parallel.

Attention: Vehicles can only be shifted, not edited.|

Rotation and shift mode: The rotation and shift mode is characterized by 4 outline

corners and the centre of rotation marked with a cross and a circle. You can shift
the centre of rotation to any point and let the object rotate around it by clicking on
one of the outline corners. If you click on any other point than the outline corners,
the object is shifted instead of rotated. Keep the left mouse button pressed to rotate
the line around the centre of rotation. You can rotate all drawn and imported objects
except of EMF and WMF files. Multiple selected objects can be rotated around a
common pivot point simultaneously. To make this work, all the selected objects must

be "rotatable."

3.9.9.2 Measuring and Shifting

When an object is selected, the program automatically defines a starting point and
sets the display of dx and dy in the lower left monitor area to 0. All object shifts are
now measured from the new starting point. The values dx and dy are also set to O

when the left mouse button or the shift key are pressed.
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3.9.9.3 Multiple selection

Select multiple objects at a time by keeping the left mouse button pressed and cre-

ating a rectangle that covers all desired objects. If you pull out the rectangle from

the upper left to the lower right, the program selects all partly or fully covered objects.

If you pull out the rectangle from the lower right to the upper left, only the fully cov-

ered objects are selected. Alternatively, you can also keep the Ctrl key pressed and

select the desired objects one after the other.

3.9.9.4 Changing the properties of several objects

You can change the properties of several objects
at one time. Perform a multiple selection as de-
scribed above and press the right mouse button
or the Enter key to open the Properties menu.
Tick the boxes of the properties you want to
change. The program has already ticked the
boxes of properties that are already the same.
Changes to the properties are only applied to the
marked objects if the respective boxes are
ticked.

Due to space constraints, the properties “Bold”,
“Underlined”, “Fixed”, “Italic” and “Strikethrough”

Colours and Lines‘

can only be selected as a group with a tick on the respective box.

3.9.9.5 Scaling of graphical objects

Scale the objects to adapt them to the screen
scale. After the loading of the graphic object, se-
lect it, open the Properties menu with the right

mouse button and choose the point “Scale”.

Colour
- O
Foreground: .......ﬂ ﬂ
BBt
[¥] Background: Pl »
e |
individual: HEEREEN
Fill
Pattern: -
Line
[ Thicknes 1 [pix + | ﬂ
O Type v
Front
[¥] Fontstyle: Century Gothic |
[¥] Fontsize: b -]
[ Bold [] Underlined [ Fix
= [ ttalic [] strikethrough
[¥]1 Alignment: Centered -
Object definition
] Background object
Layer definition
[] Switchable
Layer: ‘0 ﬂ
Scaling Background Object X
Enter the sel. section's 4,90 m
actual length:
‘ OK ‘ ‘ Cancel ‘ ‘ Help ‘
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You are prompted to mark a known distance on the Bitmap. Position the cursor on
the starting point of the distance and keep the left mouse button pressed while mov-
ing the cursor to the end of the distance. When you release the button, a pop-up
dialog box asks you to insert the true length of the distance. After you have con-

firmed the inserted value with “OK”, the object is depicted in the right monitor scale.

3.9.9.6 Order

Move an object one layer forwards with the key V and one layer backwards with the
key H. You can also change the order of objects in the Properties menu.

3.9.9.7 Driving lines

The editing of driving lines works analogously to the one of normal lines. The length
of the driving line has no effect on the calculated driving behavior. The vehicle will

stop as soon as the end of the calculated path is reached.
Right-click on the vehicle to make various settings for the driving line:

Set base point: This determines whether the calculated driving distance is to be
measured from the start or the end of the driving line. The selected fixed point is

indicated by an asterisk on the driving line.

Example: Here, the base point has been placed at the end of the driving line. The

entire travel distance is measured from this point.

Reset driving line: This resets the driving line to the form it had when it was created.

Move vehicle: The base point of the driving line can be moved freely here.
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AnalyzerPro 18.0 X

e Do you want to recalculate the driving line of veh 12

Shift Vehicle 1 along the Driving Line X

)

ok 1 | Delete | | Help |

3.9.9.8 Driving linein 3D

If the defined points of the driving

line are entered with a z coordinate unequal to zero, a 3D spline is positioned along
the points the vehicle moves along a 3D curve, which is of course only visible in the
3D window. The calculation of the distance is also 3-dimensional then.

If you have drawn a street and shift the points of the driving line onto it, the height
of the street level at the respective point is calculated and assumed as z coordinate
of the driving line. We therefore recommend to either draw a lot of points in the

driving line or to position the points close to the defined points of the street.

3.9.9.9 Assignments

It is possible to assign all objects to already existing ones. Determine assignments
in the Properties menu under ,Properties”. The assigned object “Son” can be shifted
in relation to his “Father”. If the “Father” object is moved, distorted or rotated, the
“Son” object moves accordingly. You can use assignments f.e. to accompany a ve-
hicle with a drawn light beam or to allocate a text to a diagram curve (f.e. Reaction

point).
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3.9.9.10 Selection mode for background objects

(Icon: ‘) Graphic objects can be defined as ,Background objects®. If an object is
classified as background, you can deactivate the selection mode for this particular
object. Hence, you can avoid to unintentionally select and change the background

with this setting.

3.9.9.11 DXF Depiction

(Icon: DXF) This button activates resp. deactivates the depiction of loaded DXF pic-

tures on vehicles.

3.9.9.12 Colour fill vehicles

(Icon: &) You can turn on or off the colouring of vehicles here.
3.9.10 Properties

3.9.101 Colour and lines

"Foreground": Use the left mouse button to select a colour field. The foreground

colour is used for the object resp. border line.

"Background": Use the left mouse button to select a colour field on the right side. It

is used as a filling colour of objects.

Double-click on a colour field to choose the colour of the selection field, either from
the available basic colour or select a user-defined one. The choice of background

colour is only effective for closed line objects.

More colour are available and can be defined. The colour chosen here is transferred
to the colour field on which you have double-clicked and is at your disposal until you

close the program.

The first 27 colour fields are initialised during each program restart, the chosen col-
our of the last 7 colour fields (own colour) are saved in the Registry and are available

even after the program restart.
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"Pattern": Closed objects can be filled with a pattern. The pattern is shown in the

foreground colour, the inner area in background colour.

"Thickness": Adjust the line width here. You  Properies Colours and Lines|eometry|

) . B R Colour -
can either insert the width numerically or [ [ [ [T []]

L o Foreground:. .......ﬂJ j
choose it in the dropdown menu. The unit is sosgons: | MEMSBET

either cm or Pixel. The graphical selection box navie  HEEEEEE
Fill
only offers 14 options, but the numerical inser- Pattern: I - |
B . Line
tion can exceed this number. Thickness: [ 1 fem v |[—————— ~|
Style: Definition ‘7ﬂ

"Style": Use one of the predefined line styles.

The first 6 patterns are in accordance with
Windows standards. If you choose the sixth and blank option, no line is drawn. Use
this option if you do not want to depict the edge of closed lines. Starting from style

number 7, you can define styles in the file Lines.ini (Analyzer — Registry).

As the dots of the dotted lines are shown in foreground colour and the gaps in-
between in background colour, the chosen colour have to be different from each

other.

"Definition": You can define line elements and save them in the report. The defined

line elements can be written into the file Lines.ini.

3.9.10.2 Geometry

Insert the data of graphical objects here. The values for position relate to the starting

point of the object. The coordinates are stated in meter.

Use the scaling factor to distort objects. The specified coordinates are impinged with
the scaling factor. Further inputs like height and width vary between open and closed

objects.

For line objects, the coordinates of all points can be entered relative to the starting
point. If you wish to work with absolute coordinates, the coordinates of the starting
point have to be 0 / 0. At the end of the list, you can switch to a new row with the
tab key and add a new point by specifying coordinates.
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3.9.10.3 Background

Open the properties menu of the

background with a right-hand click Propertiss| Colours and Lines View Mods |

and choose the tab “View Mode”. View mode
i . [] Grid Axes [[] Numbering
You can either select a grid or axes
to depict the coordinate origin. Fur- | ™
. Dimensions dx: im dy: 5m
thermore, you can automatically
Pattern fiiiiiiiiii |

number the used vehicles with a tick
on the “Numbering” box. Insert the distance of the grid at “Dimensions” and decide

on an appropriate pattern below.

3.9.104 Vehicle

Proper‘tiesl Colours and Lines Vehiclel

You can draw the starting position, end posi- Draw e
v ensor
. .. . . [] Starting position
tion and driving line for the vehicle you have [ End position [ stroboscope
) Driving li Val|g| for all
opened the Properties menu for. Moreover, e =
the depiction of a sensor as well as the stro- Intial slip angle: 5
boscopic depiction can be switched on or off. L] skid marks
O O
The option ,Valid for all vehicles“ determines [ Brake lights
. . [ Indicator left [ Indicator right
if the changes shall only be valid for the se- From(s) | (To (s) From () To(s)
. . . . 0 0 0 0
lected vehicle or for all. If the tick in the box is :
0 0 0 0
greyed, it means that not all vehicles have the
Periodic time (s): 0,75
same setting at the moment. Draw rays Period (s): 2

[] ©nly draw with path-time data
A vehicle is drawn with dotted line in a static

position (starting, middle or end position) and with normal lines in the dynamic Movie
position. If the vehicle is on a static position with its Movie position, it is shown with

dotted lines.

If the driving line of a vehicle is already curved at the beginning, you need to specify
a ,Starting slip angle®. This slip angle is calculated in the modules Turning procedure

and Turning-in crash. The slip angle can only be inserted for the beginning of the
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driving line. The further positions of the slip angle are calculated from the driving line
(Ackermann condition).

The rotation of the vehicle can be done using either the driving path or the vehicle

itself.
You can decide to draw skid marks of the front wheels and/or rear wheels.
"Brake lights": Activates the depiction of brake lights as red rectangles.

"Indicator left / right": Two intervals can be defined, whereby the time relates to the

time positions in the distance-time diagram.
"Period (s)": Duration of one indicator interval.
You can draw rays in addition to brake lights and define their length.

"Only draw with path-time data": You can decide to only show the vehicle in the
Movie if data is available in the respective time section. This option allows you to
allocate the movement of a vehicle on several vehicle numbers. As you can only
switch the driving direction (forward or backward) once for each vehicle number,

you might f.e. need it to show a vehicle reversing several times.

3.9.10.5 3D vehicle

In the 3D dISp|ay tab, the Veh|C|e d|Sp|ay can be Properties | Colours and Lines 3D Presentation | Vehicle |

customized geometrically. It is also possible to set & B =] swex 0000
Shift Y: 0,00 Scale Y 100,00

the graphical representation of the light on the ve- sz 0.00 ScaleZ  [100,00

Orientation: 0,00 Show wheels:
hicle.
. . Sunlight reflection: ’W 0-100
3D rider (two-wheeler): For 3D models that contain - YR
. - . Specular: 60,0 0-100
a rider figure (such as a motorcycle), the figure can e
be switched off depending on the time to symbolize | HAeioalvences
Width corrector (mirror): W m

the dropping of the rider.

3D Rider (Two-Wheeler)
(© Shutdown after Collision
(O orfromtime point 0,000 S

Visibility | ’ Frontlights ‘
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3.9.10.5.1  Visibility conditions

A light source can be placed in the vehicle in order to display the visibility obscured

by the A-pillar, for example. The shadows then show the non-visible area.

3.9.10.5.2  Front lights el
horizontal: 0 °  vertical: 0 i

The front lights of the vehicle can be switched on here.

Opening angle: ’90_ ¢
Caution: These are only suggested lighting effects, | 8urigntcone 0 65100
i i i Intensity 80 0-100
not a physically correct light display. e o

3.9.10.6 Friction surface

A closed spline can be defined as friction surface. In case this property is defined,
another friction value can be defined for this area. If a wheel comes in contact with
this area in calculations concerned with driving dynamics, the friction value defined
here is used for the calculation of frictional force. Special frictional characteristics

can then be defined for certain areas (f.e. icy spots, oil stains, etc.).

3.9.10.7 Image editing

Images used and edited in AnalyzerPro are not changed in their original form,
hence, allegations of manipulation are fruitless. Edited pictures can be saved and

printed separately.

Transparency:

"Degree": The degree of transparency can range between 0 = non-transparent and
100 = completely transparent. The default setting is 50%. The Bitmap is then dis-
played according to its transparency and can be placed in front of other objects. If

you want to put one picture in top of another, make the brighter one transparent.

Transparency for colour:
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With this option, you can make certain colour transparent. You can f.e. make the
background colour white transparent, then the usually white contouring rectangle of

a rotated image is not visible:

Without transparent colour White as transparent colour

"Tolerance"; Insert a tolerance between Q  Propetties|Colours and Lines Bitmap|
r Transparency ]

and 100 for the colour you want to make bogee 1 N N

transparent. F.e. If you insert a tolerance for ransparency for colo[]

RRREREE
a grey colour (128,128,128), all colour be- -
g y ( ) tolerance (%): Fg ==..=FF
tween (118,118,118) and (138,138,138) are v MERERRE
. ® absolute
made transparent as well. The values of the Oret:ati:f Nl N e

number tripe are the colour values RGB for . .q

Red Green Blue. With all three values being il _ P
0, the point in the image is black; with all _Cmou'sat"'at"ﬁc/"’ 0 T
three values being 225, the point in the IM-  coiour matehing ()
age is white. (255,0,0) is Red, (0,255,0) ™ 4 1
Green and (0,0,255) Blue. e < . )2
Blue: ﬂ J jo
w ] Negative Flip: [ vertical  [] horizontal
The level can either be changed in ,absolute* = e L Edge detaotion
[] softening [] Emboss
or relative® terms. Trim (%)
left: e rg right: H
P P4
boﬁom:rg E
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"Absolute": Each image point is brightened to the same extent, i.e. the values of
RGB increase or decrease by the same value.

"Relative": Darker image points are brightened more, or brighter image points are

darkened more.
Contrast:
Brighter image points become brighter and darker image points become darker.

Colour Saturation:

Colour are intensified or weakened, i.e. the difference to the gray value increases

or decreases.

Colour Matching:

The R, G or B value of all image points is increased or decreased by the specified

value.
"Negative": All colour values are inverted.

"Flip": Mirrors the image.

3.9.11 Distort image

When a picture is selected, the option "Distort image" can be selected by right-click-

ing on it.
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Image distortion

Shape Real distances (in m)

: . Distort
N7 7 7 N A: 5,00 (e3 5,00 E: 7,07 [¥] Lens distortion ———
D £\ /4‘, =L (:/ / _»._\‘\ Close
[ e B: 500 p: [500 Fo[7.07
® [e) o o) Help Reset

Depending on which shape is selected in the left area, the corresponding dimen-

sions must be entered in the middle area. The right image is distorted accordingly.

"Lens distortion" automatically determines the camera parameters and can thus rec-
tify barrel distortion, for example.

"Distort" loads the right image into the expert opinion.
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3.9.12 Cleanup image

Image Cleanup o X

Remove Select items with a left-click. Multiple selection with the Ctrl key held down. Save Help | Close

When you have chosen an image, you can select the "Cleanup image" option by
right-clicking. A dialog with the loaded image will open. You can click on a region in
the image using the left-click. Depending on the contrast, an outline will then be
drawn around the part of the image recognized as a connected region. You can then
click "Remove", which replaces the region with a computationally "likely" back-
ground. This can be used, for example, to remove parked vehicles from an aerial
image and ideally replace them with a background in the surrounding road color.

Clicking "Save" will save the modified image, replacing the previously loaded image.

3.9.13 Switchable line objects (Layers)

Each line object can be defined as switchable line object, hence, lines can be
switched on and off easily for these objects. A total of 20 layers (levels) are availa-
ble. Layers with objects in it have a coloured background. In the general settings,
names can be given to the layers, which then appear as a tooltip.

LS s Lol s So ol s s H Ao Ao oo
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3.9.131 Fix

(Icon: /F.x) With the option ,Fix“, you
can determine to position all subse-
quently drawn line objects in the de-

fined layer.

B ' Define Layer

Predefined layer (0 - 19): -

(" ":new objects don't have a layer)

K

X
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3.10Windows

This menu organises the depiction of windows.

3.10.1 Overlapping cascade

Choose ,Overlapping cascade” to stagger all opened windows on your Desktop. All
overlapping windows have the same size and are partly covered by the windows in

the foreground.

3.10.2 Next to one another

Choose ,Next to one another” to show all opened windows next to each other. The

windows fill the entire desktop without overlapping each other.

3.10.3 Vertical

Choose ,Vertical“ to show all opened windows below each other. Up to 3 windows
can be placed in a vertical row, 4 windows are organized in a square. The windows

fill the entire desktop without overlapping each other.

3.10.4 Arrange icons

This option rearranges the icons on your desktop. Newly arranged icons are posi-
tioned evenly on the lower left corner of the desktop. The opened files have to be

minimized to an icon, otherwise the order is ineffective.

3.10.5 Opened windows

All windows of all opened reports are listed here and can be placed in the foreground

with a click.
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3.11Links

3.11.1 Update

This starts the automatic updater. Please confirm the administrator rights and follow

the instructions given.

3.11.2 Homepage

Link to the homepage www.analyzer.at.

3.11.3 Manual

Opens a dialogue from which you can open either the manual, the short manual or

the technical manual.

3.11.4 Crashservice

Link to the crashtest service of Schimmelpfennig & Becke.

3.11.5 NHTSA crash test database

Opens the interface to the NHTSA database of the US Department of Transporta-
tion. All available crash tests in the database are gradually loaded. The download

speed depends on the internet connection.

NHTSA database (m] X
Test...| Manufact. Type Year: | v [km/h] | Angle [*] | Offset [... | Deform... | Test type | Configurati... | Vid.. | l.. % | Doc... | oK
900.. FORD RANGER 1988 48,3 511 BASELL. ROLLOVER No Yes Yes |

900.. NHTSA ROLLOVERCA.. 0 483 BASELL. ROLLOVER No Yes Yes
CF9.. FORD ESCORT 1997 639 0 OTHER  VEHICLEL. Yes VYes Yes

CF9.. HONDA ACCORD 1998 64,4 0 OTHER  VEHICLEL. Yes Yes Yes
CF9.. HONDA cvic 1997 64,2 0 OTHER  VEHICLEL. Yes Yes Yes

CFI.. KIA SEPHIA 1997 64,4 0 OTHER  VEHICLEL. Yes Yes Yes LLLL

CF9.. MAZDA 323-PROTEGE 1997 644 0 OTHER  VEHICLEL. Yes Yes Yes Q00336468
CF9.. NISSAN MAXIMA 1998 64,5 0 OTHER  VEHICLEL. Yes Yes Yes otk |
CF9.. VOLKSWAGEN ~PASSAT 1998 64,7 0 OTHER  VEHICLEL. Yes Yes Yes 10289

CF9.. TOYOTA SIENNA 1998 64,5 0 OTHER  VEHICLEL. Yes Yes Yes Loaded:
CF9.. DODGE DAKOTA 1998 64,3 0 OTHER  VEHICLEL. Yes Yes Yes A0

CF9.. NISSAN SENTRA 1998 64,3 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. TOYOTA COROLLA 1998 64,5 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. TOYOTA TACOMA 1998 64,2 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. VOLKSWAGEN  BEETLE 1998 64,1 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. DODGE NEON 1997 643 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. VOLKSWAGEN JETTA 1997 64,4 0 OTHER  VEHICLEL. Yes Yes Yes

CF9.. FORD RANGER 1998 64.1 0 OTHER  VEHICLEL. Yes Yes Yes

Search: Test: Manufacturer: Year of manu...
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“Total” shows the total number of tests currently available.
“Downloaded” shows how many tests have already been downloaded.

The list of downloaded crash tests can be filtered using the input fields under
“Search”.

“Details” or double-click on a crash test opens the selected crash test and provides
detailed information.

NHTSA database O X
ROLLOVER VEHICLE AND OCCUPANT DYNAMIC Images
Configuration |ROLLOVER v01520P001.jpg
v01520P002,jpg I
Manufacturer |FORD v01520P003.jpg
v01520P004.jpg
Model: IRANGER v01520P005.iba
Year: |1988 Yoo |
Angle |
Speed |4s,3 km/h
Offset | mm
Documents
Test target |1988 FORD RANGER TRUCK F
v01520.abf
Ground |CONCRETE v01520.zip I
" v015201S0O.zip
Condition |DRY v01520R001.pdf
v01520tdms.zio
Vehicles ﬂ
Year / Model | Engine | Weight [kg] | Speed [km/h] | Length [mm] | Width [mm] | Deformation [mm] |
1988 4 CYLINDER INLL... 1397 48.30 4547 1704 511
0 NOT APPLICABLE 1518 48.30

‘ Help ‘ ‘ Download ‘ | OK |

“Download” packs all available attachments into a zip file and downloads them to
the PC.
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3.11.6 Activate licence online

This opens a dialog where you can enter your license key to activate your license
online. From now on, you no longer need a hardware dongle to use the software,
but you do require internet access at least once within 30 days to verify your license.

If you don't have internet access, it is possible to request an offline license.

3.11.7 Deactivate licence

Deactivates your online licence. You can then reactivate the licence on another PC
if it is still valid.

3.11.8 Downgrade to Analyzer Version ...

Allows downgrading to a previous version of AnalyzerPro.

3.11.9 Upgrade to Analyzer Version ...

Allows you to upgrade to a newer version of AnalyzerPro if available.
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