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Abstract:

This paper describes two kinds of method for tHalation of driving simulators for training. Thedt
one, named global method, which has already beedh asms at globally assess the transfer of the
learning to the real world, the retention of whatswearned and the long term effects of the trginiie
second method is more analytical and focuses orethgrements of the main components of a driving
simulator taking into account the skills and knadge which have to be trained. Introducing the dse o
driving simulator in a whole training curriculumaniges the organization and the pedagogy, new
requirements appear, from the trainee's point@fnand from the instructor's point of view.

BACKGROUND

Driving simulators are nowadays used in differenirgtries for driver training, testing and licensing
among others the often quoted interests are:

< control of the training environment, repeatabitfyspecific situations,

e possibility to create, chain or combine scenarios,

< real time control, objective performance scoring,

e cost reduction,

« Safer training, no need of an instructor on the sifithe trainee.

Driving simulators are not suitable to train alpasts of driver training, their use has to be erdeddn a
whole training curriculum composed of computer blasaining, e-learning and traditional driving eat
world.

In the perspective of a broaden diffusion of thesds, it would be opportune checking their effeetiess
and their ability to enhance the quality of tramithis could be summarized by the two following
questions:

e How driving simulators for training could be validd?

e How driving simulators should be rationally used?

A first method of validation of the simulators cigts of globally comparing the results obtained by
trainees using driving simulators in their trainitigriculum, and trainees using a traditional mdtho
without driving simulators. This kind of method grpplies to specific cases and it integrates séwaed
not easily distinguishable elements; simulatoiintrg, organization and pedagogy.

The analytical method focuses on the simulatomspaments, for each scenario or set of scenarios the
specifications of the main concerned componentsleseribed. Finally the use of simulator for tragi
offers numerous new facilities for teaching, bub#efficient several conditions have to be saitikfo
make the training acceptable by the trainee arfddititate the instructor tasks.

GLOBAL METHOD FOR VALIDATION OF DRIVING SIMULATORS  FOR TRAINING

The goal of this kind of method is to globally esse
« the transfer of the learning to the real world,

» the retention of what was learned,

e The lack of negative effects.
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Two main schemes or methods have been used; sheffie aims at measuring the transfer of learning
and the retention of what was learned, and islsleit®or a homogeneous population in terms of
knowledge before training, young and novice drifersexample. The second method is more complex to
set up but is the only way to assess the reteofiovhat was learned, and the long term effecthef t
training.

First method: comparison between a “trial group” and a “reference group”

A method which has been used for the assessmém ¢fansfer of learning and the retention of what
was learned consists of globally comparing theltesibtained at the end of a training session tiyia
group” for which training included driving simulatase and the results obtained by a “referencepjrou
for which training does not include driving simuatise. The comparison could be done using a test
(national driving test to obtain driving license)ly instructors evaluation on the road by mears of
targeted questionnaire at specific subtasks.

Example: Validation of the TRAINER training tool

Trial Control
ol Rl This study extract from TRAINER project report
—5— —~— describes a method of validation which was
ey R conducted in Research Institute partners of four
European countries to evaluate the training tool
M developed (a multimedia info-box and two
e Y versions of driving si_mulator -low-cost and a _
theory test" theory test’ mean-cost). Tests will be conducted on each site
E——— C— with 30+30_ Igarner dr_ivers _(candidate to the
in MM box n MM box national driving test) in a trial group and a cohtr
N —— group. The groups have been matched by age, sex
fraining raining and education level. The tests in 4 different
LC simulator countries will account for social and mentality
= bl differences between different EU regions.
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Figure 1: Design of the evaluation of the trainingool (From TRAINER Project report).

Second method: cohort following

This method which aims at assessing the retenfiovhat was learned and the long term effects of
training consists in the following of a cohort ebgects, comparing the performances between two
different periods before and after the training.

Example: RESPECT PROJECT - Effectiveness of a 8tdaining for truck drivers

RESPECT - “Regulator Simulator based performaraiaitrg for professional truck drivers” is also an
EC funded project. This project consists of settipga 3-day educational program for truck driveithw
three main aspects: safety (reduction of accideatsinomy (reduction of fuel consumption) and
environment (reduction of maneuvering damages).
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The 3-day training program consists of 3 elements:

*  Theoretical component (classroom / computer basduirig - CBT)
e Practical component (driving with a real truck)

e Simulator component

Reference Information Reference Information

Entry test Post test

Training

1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 |

12

Figure 2: RESPECT Evaluation scheme (from RESPECT EFinal report)

The improvements of the driver due to the 3-daipiing program have been evaluated on a one year

period; around 800 drivers from four countries tpket in this evaluation. Two reference information

periods of 6 months surround the training prograhe effects of training are done in three ways:

« By means of collecting and analyzing practical deden transport companies (e.g. fuel consumption
figures / information on number and costs of aatigle

* By means of a standardized test session on thdatonu

» (optional) Measurement on the training truck taubed for measurement of the effect of the practical
component (real truck driving).

Discussion

These methods aim at validating the whole traimimgiculum efficiency, which encompasses the
training on simulator itself but also other aspedtthe training such as the distribution of knodge
acquisition between the different available me#ms training organisation on simulator (duration of
sessions, number of scenarios, ..) and the pedaj@gipect (instructor role, self training, etc..).

For the first method, the trainees must have anmticka level of knowledge and skills at the beghmof
the training. For the cohort following, data acdfiosis during reference periods are difficult tatah,
apart from professional context. This method isdhly way to assess possible negative effectsioifingdr
simulator training such as overestimate confiddacéhe novice trainees or wrong risks awareness.

ANALYTICAL METHOD FOR VALIDATION OF DRIVING SIMULAT ORS FOR TRAINING

Driving simulators for training could be very difémt considering only the hardware aspect (body /
architecture), and the cost could also vary ondewcale. If we consider a complete curriculum, for
novice trainees for example, the global amountnaiviledge and skills that the trainees have to aeqgsii
distribute into the available means; books, compldsed training, e-learning and driving in reatldo
with instructor. When a simulator is availablesitpreferably used to reduce the driving on the road
component due to the fact that it is the most egperone, but it can also be used for other pugose
Training on simulator is organised in scenariosg@nario aims at teaching a specific knowledge or
training one or several skills. Scenarios couldet@/wide range of activities; from the basic vihic
control skills to strategic level decision makingdifferent contexts (urban, motorway, nationadap
etc.. ) both on practical and theorical aspectsilffie reason the requirements for simulators arg v
different depending on the scenarios. The prinajblhis method is to identify the required
characteristics of the main simulator's componémtshe different scenarios, and to see if a vdiloha
method applies for the different components indiwity.

Identification of the required characteristics of main simulator's components by scenario

To illustrate this method we have chosen to starhfthe scenarios selected and described in the
TRAINER project (D4.1, Driving simulator scenariasd requirements - 2001).
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From a total of 96 scenarios suggested 31 weretsél¢o be used on the TRAINER simulators, and are
fully describe. These scenarios are structured¢domance with the four hierarchical levels of the

GADGET-matrix.

Reference to GADGET-matrix

Level | Knowled | Risk- Self- Title of scenarios Numbe
ge and increasin | assessme r of
skill g factors | nt scenari

0
4 Influence of dangerous motives on driving 1
Goals for life Level4 | 1
3 Ecological/economical driving 1
3 Mental workload and use of stereo and mobile phonel
Goals and context of driving Level 3 2

2 Traffic rules 1

2 Gap acceptance 1

2 Light regulated intersections 2

2 Headway/tailgating, choice of following distance 3

2 Overtaking 4

2 Driving in darkness 3

2 Speed adaptation when turning 1

2 Parked car 2

2 Search strategy 1

2 Reaction time and stopping distance 2

Mastering of traffic situations Level 2 20

1 Start and gear shift 1

1 ABS 2

1 Negotiating a curve 1

1 Low friction 4

Vehicle maneuvering Level 18

Figure 3: List of the 31 scenarios selected to bes@ on the TRAINER simulators.

For each scenario a “Success criterion” is defimed| a reference to which cell in the GADGET-matrix

the scenario applies; level and column.

Levels : 1 Vehicle manoeuvring - 2 Mastering offtcasituations - 3 Goals and context of driving —

4 Goals for life.

Columns : Knowledge and skills - Risk increasingtdas.- Self-assessment.
The content of th&nowledge and skillscolumn describes what a driver needs for drivindar normal
circumstances. In the second column aby@lkt increasing factors the focus is on awareness of aspects
of traffic and life that can be associated withh@grisk. The columiself-assessmernis about how the
driver is assessing his/her own situation on the Fevels.

In the table below we have highlighted for eachnaci® which among four major simulator's components
are required and must be validated. The four maialator components are:

e Visual system.

e Surrounding traffic.

*  Vehicle model.

e Full driver cockpit commands.
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Visual | Surroun| Validat | Full Title of scenarios Number of
system | ding ed driver scenario/level
traffic vehicle | cockpit
model | comma
nds
B B [P | influence of dangerous motives on driving 1
Goals for life Vet 4 | 1
RO Ecological/economical driving 1
Mental workload and use of stereo / mobile phorje 1
Goals and context of driving Level 3 2
Traffic rules 1
Gap acceptance 1
Light regulated intersections 2
Headway/tailgating, choice of following distance 3
Overtaking 4
Driving in darkness 3
I | Speed adaptation when turning 1
Parked car 2
Search strategy 1
[ Reaction time and stopping distance 2
Mastering of traffic situations Level 2 20
Start and gear shift
ABS 2
Negotiating a curve 1
Low friction 4
Vehicle maneuvering Level 1 8

Figure 4 : Required simulator components by scenaoi

The main part of the scenarios suitable on simuiatm the level 2 (Mastering of traffic situaten

64 %, and implies a realistic surrounding traffic.

Scenarios such as "Low friction" or "Driving in #aess" require special features for the vehicleehod
or the visual model which can not exist on all gjysimulators.

For the scenario "traffic rules" it is specifieatlithis is best learned in the multimedia box, thet
knowledge and the application of the rules coul@fphasized in the simulator.”

Validation of the main components

Visual system:

Visual system as a major component is require@lfacenarios, there is no specific validationtfos

system but three characteristics could be precised:

< Field of view — for all scenarios with surroundimgffic horizontal front field of view must be up
than 150°, and there must be one to 3 rear viewsgonding to the mirrors.

* Resolution — The current devices allow a resolutibrendering about 10 cpd (cycle per degree)
while the visual performance is about 30 cpd. B@meple a panel of speed limit is read, by clear
time, in 80m on simulator, while it is it in appimately 200m in the reality.

* Realism of the scenes — The recent improvemerdsritputer graphics and projectors have
promoted the creation of databases more and malistie (photo-realistic representation). However,
from a training perspective it seems that thisdrbas to be moderate. Recent studies show that it
could be better to simplify the scene and limit de¢ail to those relevant for the current scenario.

The modelling and the real-time rendering of scéndsw visibility such as darkness, rain, fog hvi

representation of the static and dynamic lightisgsot completely resolved nowadays and needsedurth
research.
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Surrounding traffic.

The surrounding traffic behavior is a key featurethe validity of the simulator in training contek
appears in almost all the scenarios of level 2taghder levels. All the vehicles of the surroundireffic
should have a realistic (human-like) behavior, timplies that each vehicle owns its perception ticn
and decision modules and its vehicle model.

Some research has been conducted on the valid#ttoaffic model at the macroscopic level on
motorway, in terms of traffic flow, platoon spedd.e

Other limited experiments (Ref 1) show a clearéase of the realism of driving simulators when
autonomous vehicles are added. Nevertheless, ithareeed for more complete validation method$ef t
behavior of the surrounding vehicles, perhaps beiacks on data files of the state (position on thees,
speed, acceleration, etc.;) of all the vehiclesmed during simulation could be created.

Vehicle model.

For training purposes there is no need for soaited vehicle model in common situations (good gfip
the wheels, no loss of control situations). Numlméngehicle models with 3 up to 6 dof (degree of
freedom) are validated. Models for vehicle withafie behavior are also in use; low friction sitigeis
(snow for example), or vehicle with active comparsuch as ABS.

Full driver cockpit commands.

Environment cockpit closer to an actual car — sgpedy lever, driving wheel and pedals — force feekb
on driving wheel and pedals could ease the drigimdjimprove the re-use of skills "on the road",mhai
for scenarios of level 1 and higher levels (seaifd@).

Discussion

The basic psychomotor aspects (vehicle control)dcbe trained on a driving simulator, but in angea
even with a sophisticated simulator the trainingmnactual car could not be replaced for thesésskil
A traffic model able to create and manage auton@wehicle around the driven vehicle is a major
component of the driving simulator dedicated toel's training. Under control of scenarios, théfita
model could create and reproduce specific circunests of traffic enabling the trainee to repeat taaith
certain tasks. In the same way, it is possibleaim tanticipating skills, or to enhance risk awasnby
submitting the trainee to unexpected events.

USING DRIVING SIMULATOR WHITHIN A TRAINING CURRICUL UM

Trainee's point of view: what are the conditionsrfan efficient training?

During training skills the trainee should be in damnditions in order to be concentrated on thenlag
tasks. The comfort and the easiness to drive agesidbjective quality of a driving simulator anakar
depending on many parameters, it is known that vamenparameter is badly tuned the simulator
becomes rapidly un-drivable and may produce dsiekness.

Thetransport delay, "the time elapsed between a driver's action ance#slt in the rendering of
perceptional stimuli (visual, motion, haptic dewefecould produce discomfort and difficulties to driv
when too high; an acceptable delay is less thanmi€i@ther devices or functionalities on the cagtra
could enhance the perception of engine state (9puwad situation (surrounding vehicle noise) dnigke
accelerations (motion cueing system).
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Sound system

The sound system aims at reproducing all the soexidsing in a vehicle. The main sound sources are:
< Driven vehicle - engine noise, aerodynamic noig@-ground generated noise,
e Surrounding vehicles noise — possibly spacialized,
e Special sound effects — wall reverberation (in gipfor example.

Motion cueing system

Even on the high end driving simulator the motioriog system is unable to reproduce actual vehicle
accelerations and by the fact vestibular cues cabea correctly presented to the driver. Numerous
architectures/configurations for driving simulat@ve been realized; platforms with 1 to 6 degrdes o
freedom (Dof), with/without rotation, with/withoetmbedded visual system, with/without cockpit ort sea
vibration, etc.. , such systems are particularbfulsfor vehicle control scenarios (level 1). Liedtand
cheaper systems with one (longitudinal) or two gplotation) movements could be interesting fothad|
scenarios.

Haptic feedback:
Like motion and sound system haptic feedback ceristg wheel (and eventually pedals) could enhance
the feeling of the driver and the easiness to dvaicularly for vehicle control scenarios.

Instructor's point of view: what tools or functioridies of the simulator are or would be useful or
effective to improve the teaching quality

Unlike on the road training, surrounding traffiaxdae controlled on the simulator and it is possible
create specific situations. Each scenario shoulch@cessarily be presented to the trainee as aasdepa
lesson but as part of natural driving. This strateigns at preventing trainees from preparing thévase
by increasing and focusing their attention on {hectfic scenario task.

As on a driving simulator numerous driving paranmgtan be computed in real time and recorded, these
facilities allow new ways of teaching:
« Recording facilities for all the vehicles and othactors around the driven car, this allow the
possibly of replaying a situation, with the sameaifferent point of view.
e Computing in real time of indices such as TLC (Timé.ine Crossing), TTC (Time To
Collision), or more complex parameters allow theedgon in real time of risky or erroneous
situations.
* Automatic computation of a score or global assessieriteria at the end of each lesson.
« Possibility of self training, the trainee can retba same lesson while he/she feels not enough
confident or if his/her score is to low.

The role of the instructor have also to be adagtedexample when a driving error is detected the
instructor have the possibility to stop the currgrgnario, to review with the trainee the sequevioere
the error has occurred and to explain the causieoway to avoid such a situation. The score obthat
the end of each lessons indicate the knowledgeskitid progression of the trainee and help therircsor
for the choice of the next lessons.

Training organization:

Training on driving simulator partly replaces otlraining methods as for the theory part as forstibis
training, but it can not be a simple replacemeht §eneral organization of the training should be
redesigned taking account of this new possibilitgt the instructor role should also be redefined Th
number, the duration of simulator training sessi@mmg the way to manage the simulator or the sirotdat
may vary depending on the type of training (basa&ning session on a specific subject).
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CONCLUSION

Driving simulators are nowadays used in differenirgtries for driver's training, testing and licengi

their efficiency seems to be established, as showme two following examples:

e At ANWB a Dutch driving school the instructors eséite a simulator lesson of 20 minutes to be
equally effective as a 1 hour practical drivingstas.

« At AFT-IFTIM a French driving school for trucks ddrs the estimate time profit is 24 hours on a
total of 85 hours (duration of a complete trainiagbtain the driving license).

Nevertheless, the validation of driving simulatfimstraining is nowadays little developed, some
experiments have been done but several questidimeistain open notably the assessment of reterdfon
skills acquired through simulator training and liweg terms effects of simulator's training

A key component of the driving simulator is thersunding traffic which is required for training Bkior
scenarios of level 2 and higher levels of the GADGHatrix (2 Mastering of traffic situations - 3 Gea
and context of driving — 4 Goals for life). Theseai need for validation methods of the behavidhef
surrounding vehicles, perhaps benchmarks on datadf the state (position on the street, speed,
acceleration, etc.;) of all the vehicles recordedrd) simulation could be created.
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