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Introduction

Road safety has become an important stake in Fisince 1972, when the number of car crash victims
reached 16617. In 2003, this figure decreased 82 Sffanks, in large part, to the improvement ofvacand
passive safety technologies. The active securigraips before an incident and includes preventien Anti-
lock Brake Systems, Electronic Stability Programas)well as repression measures (radars...) to aheid t
crash. Nevertheless, when the car crash is unaeidthe passive security systems (i.e. airbad,.behct to
minimize car occupant injuries.

To quantify the efficiency of the passive secuststems on injury severity, European normalizedtcitests
(1) are performed with a 50th percentile crash testrdy. Injury level is approximated using specifidtemia

related to critical body segments like the HIC (Hieéajury Criterion) and the TTI (Thoracic Traumadx).

Precise rules are imposed by the European norrogitign the dummy, whose posture must represeatited
and restrained driver. Particularly, the handsoaréhe steering wheel and the superior part ofdhso leans on
the seatback. Currently, passive systems efficielucypot yet take into account the drivers anthrogioyn real

comfort driving position, and reflex reactions fagito an incident. The non normalized posturesalled “out

of position” postures. The standardized crash desis not take into account real postures that\edor a
passenger adopts.

However, the anthropometry influence on driving iffos was demonstrated by several studies. In 1298,
postural prediction model was proposed by Mariayyand Reed3). This model was obtained using a statistical
study on 400 volunteers and showed that short stshfeated near the steering, unlike the talletedsi More
recently, Reed4) highlighted the link between the driver staturel &ine seat adjustment in depth as well as
those between the seat height and the eyes posioreover, the work by Hétier et gb5-6) and that by
Baumann(7) showed that seat position had an effect on ingayerity. In particular, it has been shown that
thoracic injuries were dependent on seat positiprtrash tests as well as by numerical simulatiosetieon
genetic optimization algorithrg6).

Real comfort driving positions may be considerediasitical out-of-position. Since 55% of Britaintitizen

and 70% of Americans happen to drive using one if{@none can question how the other hand position may
influence injury severity particularly in case afteg-equipped cars when the driver put it on thetal part of

the steering wheel. Drivers’ reactions facing acidant are likely to lead to out of position. Kaasgg(9-10)
investigated this phenomenon using test realisedoad and driving simulator, but his analysis waanty
focused on feet position. Heti¢t1l) has investigated frontal pre-crash driving postufédse most striking
results were that none of subjects adopted thedatdndriving position. 30% of drivers had theirtlafind
placed in front of steering wheel which can be a#red as a risk position confirmed by a numersiaulation
using Madymo.

It is therefore important to predict real drivepesture with the consideration of driver’s anthnoetry and
possible anticipation in pre-crash. The main contion of INRETS-LBMH in this task will be develapreal-
time posture prediction model. The input parametélisbe car geometric configuration (see Figurdatation
of car controls, like steering-wheel, seat heigletlals ...) as well as the driver’'s anthropometrinatisions. A
demonstrator will be developed using Matlab, shawime capability of predicting driver's posture.elmain
challenge is to develop a methodology to predistedpostural behaviour in real time from a minimaomber
of sensors. In fact, most of currently availablethmes for posture prediction are generally too mtiote
consuming. This is why an original method has h@®posed at INRETS-LBMH.

In what follows, we will give an overview of the @uted approach as well as a brief description ofieaodule.
A demonstrator will be available at the M37 witdeliverable D5.3.14 “Posture prediction demonsttato
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Inverse
kinematics

Figure 1: Example of the driver’'s position detectim in real time by sensor activation.

Presentation of the general approach

OVERVIEW

The approach is divided into two parts:
-The first one aims to develop a geometrical patemeodel and to train an artificial neural netkor
(ANN) (Figure 2 .a)..
-The second one is to use the trained ANN modeletect the driver's posture in real time (Figure 2
.b).

In order to show the feasibility of this approaehfrontal pre-crash experiment was carried outreate a
postural data base and to train the ANN. In ordesreate this postural data base, a human sketetale! with
an inverse kinematic module was realized.

Motion
capture

Recording data from
experimentatio

Prediction of the position at the time

Human of crasl
Driver's Inverse skeleton
anthropometry kinematics model

Calculation in
real time

: Sensors information !
\ LH !
N b) !

Postural
data base

v

Sensors information data
bas:

Neural
Network

Learning
function

Figure 2: Overview of the approach for real-time pstural prediction

All modules of this methodology are presented mftillowing.
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HUMAN SKELETON MODEL

The geometrical convention

The convention, used for this model, is an altéveahat proposed by Denavit and Hartenb@r@) (Figure 3.
The translation variabldj is used as a geometric parameter (Eq. 2).

Figure 3 : Modification of a referential R; to R;

Using this convention, a vector in the coordinasgatem Vi is relatedto Vjin the coordination system j
through the following homogeneous passage matfiges (4x4) (Eqg. 2):

X

Eq.1 for Vi = Tj.\j withV, =

P N <

Aj

Cosy, - Sing;Cosa, Sing,Sina; a;Cosg,
Sing; Cog,Cosa; - Cox,Sina; a,Sing,
0 Sing, Cosa, d,

0 0 0 1

Eq.2 T, =

The anthropometric model construction

For a chain of tree structure, the homogenous gassatrices of the end segment can be writtenegsHgure
4):

and Tim :TilTiZ"'Tik"'Tm-l,m
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Figure 4 : Example of a tree structured chains.

A human skeleton is simplified into an open chaith\27 segments articulated by a joint of one te¢hdegree
of freedom. The whole body has 57 degrees of freedihe centre of the two hip joints is defined aigio
(21).

Figure 5: geometric model

DATA COLLECTION

In order to test the feasibility of the proposegraach, a frontal pre-crash experiment was caroed at
INRETS. 12 subjects participated in this experimétithad at least one year driving experience. @iatils of
how these data were collected are explained ifialf@ving.

Driver’'s anthropometry

The individual digital model of a subject was definby superimposing a mannequin into at least taiqs of
different views taken in a calibrated space.

The aim of the calibration was to calculate thejgmtion parameters of one view, in order to posite
photograph of a real subject in the 3d backgrouhduwmerical model. The parameters were calculated
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according to a method derived from DLT method (Blifeinear Transformation). The methodology consists
locating a sufficient number of points (6 minimumh the calibrating photograph, in which the real 3d
coordinates are known.

Figure 6: Example of the creation of an individualdigital model

Figure 6 shows an example of defining the digitaldel of a subject. This operation was carried oitit the
software developed by the INRETS, called MANGZD).

Motion capture

The driver's motions in a pre-crash situation wereasured using an optoelectronic three-dimensimadion
capture system synchronizes with a static drivingukator data (Figure 7).

Figure 7: INRETS driving simulator (a) and visualization of trajectories measured by VICON software

(b)

Scenarios

Four scenarios with frontal pre-crash situationswigtown, countryside and 2 motorways- were develd
differently sized subjects participated in the ekpent. A review of the pre-crash scenarios is shibwy the
Figure 8, Figure 9 and Figure 10 where the rebassubject’s car. In order not to bias the drivéehavior, the
order of the three scenarios implying an incidertept for the training session, was chosen rangéonleach
subject.
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Fog

Emergency stop

i
|
é
|
i
i

Figure 8: Pre-crash situation on motorway with fog;a car in front of the subject’s one, carried out a
emergency stop

Building

a)

Pedestrian

Bus

Building

Building

b)

Figure 9: 2 Pre-crash situations in downtown; (a) @edestrian hidden by bus running across the roadb)
A bullet car pulling out when the subject’s car isapproaching.
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”Il
Building WIF

Pulling out and horn sound

Building

Figure 10: pre-crash situation on countryside withunavoidable crash: A traffic jam is caused by a cas
incident, and a bullet car pulling out.

Sensor information

Driving data (Figure 11), measured during drivingnidation, were stored as a plain text containifigttee
variables from the simulator sensors. They were:

- Angle of rotation of the steering wheel
- Car velocity

- Position of the brake pedal

- Position of the accelerator pedal

- Car acceleration
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Figure 11: Example of results from simulator sensor

Motion Reconstruction
From the results of motion capture (Figure 125 jtossible to create a referential movement dase.b

2 OO0P ¢

Comfort . H

Position . .

X . .

y P

z . .
Coordinate of Frame

Figure 12 : Example of displacement of left elbowuting a pre-crash phase

These movements will be reconstructed with our oeflor resolving the problem of a tree structurkdics
subject to multi-constraints (Figure 13).
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Figure 13 : Example of movement reconstruction

Inverse kinematics algorithm for motion reconstiwct

Motion reconstruction consists of calculating ofnjoangles from known trajectories of external neaisk
Inverse Kinematics, as opposed to forward kinermatian be defined as the process of finding a fsgtirt
angles that fulfill geometric constraint imposedtla end-effectors. If forward kinematicsvs= f( ), the
inverse problem consist in finding the reverse fiomcf *(v). When the number of constraints are smaller than
the number of DOFs, there is no unique inverse tigoiu Different methods of inverse kinematics were
proposed in past: geometric without inversion afojsian matrix(13), differential using pseudo-inver¢24),
analytic(14-15)or based on nonlinear programmifig).

The method suggested here is to solve the invénseratic problem as an optimization problem.

Case of mono-constraint
The goal of this section is to find one solutiotin order tocoincide the vectors(t) andV(t) (Figure 14)

Figure 14 : Example of objective function

let : ®={ o® 1®er i®ers o®F With i i) e, | [0,2]

VRO (t)

And, d(t)=[V(t)- s(t)]. V() =TonVadt) with Vedt) = 1
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Let S ={ (0)..., (i),... (1)} the problem constraint sex@+1) and : ={ (0),..., (i),..., (t)} the
problem solutions seihx(t+1)

We obtain an objective function with the followifgrm:
Ea.5  f(Q(t)) = a(t) for (1)

Note:
If imin= imax then i(t) become a geometric parameter without interferiith w(t ). In this casethe number of
degree of freedom is decreased at the time ofwiegpthe equation (Eq. 5).

This objective function will make it possible tondi for Sso as to make(t) to tendtoward zero. Therefore,
the problem becomes an optimization prob(&m. 6):

Minimize f( () for (b)
Eq. 6 J subject to imin i(t) imax
With il [0,2]

The Nelder-Mead Simplex meth@ti7) was used for minimizing the real-valued functin f f (x) for x| R
without usindff (X)/ﬂx. There are four basic operations: Reflect, Exp&uhtract and Shrink, corresponding

to four coefficients, , , and (The universal choices used in standard Nelder-Mdgakithm are =1, =2
and = =1/2).

This is one iteration of Nelder-Mead algorithm égre initial (t)

Step 1 Order. Order the n+1 vertex to satisfy;
fC 1) () ... RO L) o RCi®) o fi( na(®)

Step 2 Reflect Compute the reflection point,(t) from
Q.(t)=(1+r)Q(t)- r.Q,.,(t) ,whereQ(t) is the centroid of the n best points.
Step 3:Expand If fy( ((t)) < f( 1(t)) calculate the expansion point(t),
=1+ ) Q(1)- .. nal®

Evaluate andf f( o(t)) < fi( (t)) accept (t)and terminate the iteration, otherwise acceptt)
and terminate the iteration.

Step 4Contract If f( ((t)) > f( .(t)) perform a contraction:
- Outside. fi( o)  fi( (1) < fi( nea(t)

Calculate (t)=(1+ .) O(t)- . . nald)
Evaluate andf f( (t) f( .(t)) accept .(t) and terminate the iteration, otherwise go to
step 5.

Inside.f( (1)) > fi( nea(t))
Calculate (t)=(1+ ) O(t)- . nalt)

Evaluate andf f( c(t)) < f( n+1(t)) accept (t) and terminate the iteration, otherwise go
to step 5.

Step 5:Shrink. Perform a shrink step, evaluftat the n points
W) = o0+ (M) at), 1=2,...,n+l
The vertices of the simplex at the next iterationsist off 1(t), (t)=W(t), 3(t)=Ws5(1),..., n+1()=Wh.1(t)}

After some iteration you get:
f( 1(t) = a(t)» / with the stopping criteria, tend toward 0.
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and the solutionset : () ={ o(t), i(t),..., i(t),..., ()}

Step 6:The next step consist of solving this equation+dt)((Eq. 7) ;

Minimize fa( (t+1)) for (t+1)
Eq. 7 ) subject to imin i(t+1) imax
with il [0,2]
At the time of initialization (t+1) = 4(t) is calculated.This constraint avoids a divergence of the solution

set.After (t+1) loops, a solution setf for Sis obtained.

This solver permits to easily solve the initial plem without knowledge of the geometry of systenardbver,
it's easy to implement the algorithm. However, itscessary to control the initial(0) and the parametef(s,

, , and ) for generating the solution set of This means that the posture calculated from akgerithm
depends on the initial position as well as on tHese parameters.

Case of multiple constraints

Most frequently, two approaches are used for sgltire problem of a tree structured chains subjechulti-
constraints (Figure 15). The first is to find adieeoff of these constraints. None of the constrairachieved
exactly, but total residual error is minimized. &ma weight can be assigned to each constraintritvat the
distribution of the residual error, this is knows @ weighting strategfd8). A second possibility is to sort the
constraint by order of priority, in order to sagisfie most important constraints in the fi:9).

a(t)

o(t)

Figure 15 : Example of a tree structured chains sybct to multi-constraints ().

In the present work, an original method has beemldped. It divides the problem of multi-constraimto a
set of mono-constraint problems by a structurabltg®n way (Figure 16). The constraint which ig ttlosest
to the origin is solved the first, and then the endistal constraints.
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Minimize f.( (1))

Minimize §.( 1))

Minimize §,( (1)) Minimize f.( 4(t))

Minimize £.( s(t)) Minimize £( &)

Minimize §.( +(t))

Figure 16 : Example of structure with multi-objective system

The dependence conditions must be evaluated. Rong@e, in the case of Figure 16, the problemand
must be solved before solving the problemThat way, a resolution law is obtained (Eg. 9);

-

Eq. 8<

\.

In a simplified version; one can get

Eq 9 ) { ' }1 { ' }1

Thus, there are many possible sequences for the szsult (Eq. 10).

Eqg. 10

lte et Wt T e T st W st
e e M

This method has been integrated into our model(Eid 7).
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Figure 17: Example of application of tree structur@ chains subject to multi-constraint ;(t).

In order to minimize the number of angle modifioas, a method was purposed. This method is illtestran
the following (Figure 18) (Eq. 11):

iy i)y

Q)

> o(t)

(t)

/I S(t) /I

Figure 18 : Example of parameter modification of ofective function.

At first, the angles),, g, are chosen, in this example, to move the endeffeln this case, (t) ={ ot), ()}
and f( (t))= (t).. Athreshold , which compares with trdistance between current and desired target posijtio
is defined as the criteria for the modification Bf

7 Minimize )

Subject to imn i(t) imax
With il [0,2]

Eq. 11 if (t)> then '(t)={ o), 1(t)}:
< else (t)={ o), =)}

Minimize i ')
Subject to imn ~i(t) imax
With il [0,2]

\
for (t) sweget (t)={ oft), 1(t), 2(t)}
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Given to generalized form:

O+ -0  ©)

Figure 19 shows an example of resolution stratelggnweaching a far target.

400

500 *
\
400 i \\. A0 W{
aml AN 200~ T
¥ —
., 2m — 100 \ e
10 + 0 *‘J‘“}m
0
argif/#\“ 1004 i
- S
m "\ \ 200
'-'H}\\‘x \\\ \'\ N
200 \\.}\ \v \vﬂ* <
400 F o 200
a) N AN
800

+ Target ¥ v % ¥

Figure 19 : Example of application of parameters mdification of objective function: in the first time the
mannequin try to reach the target (a) and if is nopossible a modification of parameters function is
realized (b)

NEURAL NETWORK FOR CALCULATION IN REAL TIME

For the calculation in real time, the artificialunal network (ANN) will be use2-23),because of its rapidity
of mappingR" to R™. This ANN model will be divided into four partstivione part per body segment (Figure
20). A ANN model will trained for each subject ugithe existing postural data. For one subjectirthets will
be the data collected by vehicle sensors. The tatpill the driver’s joint angles.
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Calculation of left harm and trunk

Calculation of right harm

uonew.loul SIosuas
Vv.1va bBunoss|jod

Calculation of left leg

Postural Deduction

Calculation of right leg

Neural network ~ ----------------
Figure 20 Methodology for postural detection in real time

Concluding remarks

The development of a real-time driver’s posture module is still in progress. In particular, a far side pre-
crash experiment will realized for collecting data and for understanding how drivers anticipate.
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