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Introduction 

 Road safety has become an important stake in France since 1972, when the number of car crash victims 
reached 16617. In 2003, this figure decreased to 5732 thanks, in large part, to the improvement of active and 
passive safety technologies. The active security operates before an incident and includes prevention (i.e. Anti-
lock Brake Systems, Electronic Stability Program…) as well as repression measures (radars…) to avoid the 
crash. Nevertheless, when the car crash is unavoidable, the passive security systems (i.e. airbag, belt…) act to 
minimize car occupant injuries. 

To quantify the efficiency of the passive security systems on injury severity, European normalized crash tests 
(1) are performed with a 50th percentile crash test dummy. Injury level is approximated using specific criteria 
related to critical body segments like the HIC (Head Injury Criterion) and the TTI (Thoracic Trauma Index). 
Precise rules are imposed by the European norm to position the dummy, whose posture must represent a seated 
and restrained driver. Particularly, the hands are on the steering wheel and the superior part of the torso leans on 
the seatback. Currently, passive systems efficiency do not yet take into account the drivers anthropometry, real 
comfort driving position, and reflex reactions facing to an incident. The non normalized postures are called “out 
of position” postures. The standardized crash test does not take into account real postures that a driver or a 
passenger adopts.  

However, the anthropometry influence on driving position was demonstrated by several studies. In 1998, a 
postural prediction model was proposed by Manary (2) and Reed (3). This model was obtained using a statistical 
study on 400 volunteers and showed that short subjects seated near the steering, unlike the taller drivers. More 
recently, Reed (4) highlighted the link between the driver stature and the seat adjustment in depth as well as 
those between the seat height and the eyes position. Moreover, the work by Hétier et al. (5-6) and that by 
Baumann (7) showed that seat position had an effect on injury severity. In particular, it has been shown that 
thoracic injuries were dependent on seat position by crash tests as well as by numerical simulation based on 
genetic optimization algorithm (6). 

Real comfort driving positions may be considered as a critical out-of-position. Since 55% of Britain’s citizen 
and 70% of Americans happen to drive using one hand (8), one can question how the other hand position may 
influence injury severity particularly in case of airbag-equipped cars when the driver put it on the central part of 
the steering wheel. Drivers’ reactions facing an incident are likely to lead to out of position. Kassaagi (9-10) 
investigated this phenomenon using test realised on road and driving simulator, but his analysis was mainly 
focused on feet position. Hetier (11) has investigated frontal pre-crash driving postures. The most striking 
results were that none of subjects adopted the standard driving position. 30% of drivers had their left hand 
placed in front of steering wheel which can be considered as a risk position confirmed by a numerical simulation 
using Madymo. 

It is therefore important to predict real driver’s posture with the consideration of driver’s anthropometry and 
possible anticipation in pre-crash. The main contribution of INRETS-LBMH in this task will be develop a real-
time posture prediction model. The input parameters will be car geometric configuration (see Figure 1, location 
of car controls, like steering-wheel, seat height, pedals …) as well as the driver’s anthropometric dimensions. A 
demonstrator will be developed using Matlab, showing the capability of predicting driver’s posture. The main 
challenge is to develop a methodology to predict driver postural behaviour in real time from a minimum number 
of sensors. In fact, most of currently available methods for posture prediction are generally too much time 
consuming. This is why an original method has been proposed at INRETS-LBMH.  

In what follows, we will give an overview of the adopted approach as well as a brief description of each module. 
A demonstrator will be available at the M37 with a deliverable D5.3.14 “Posture prediction demonstrator”. 
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Figure 1: Example of the driver’s position detection 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 parametric model and to train an artificial neural network 
(ANN) (Figure 2 .a).. 

·  -The second one is to use the trained ANN model to detect the driver’s posture in real time (Figure 2 
.b). 

In order to show the feasibility of this approach; a frontal pre-crash experiment was carried out to create a 
postural data base and to train the ANN. In order to create this postural data base, a human skeleton model with 
an inverse kinematic module was realized. 

 

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

 
All modules of this methodology are presented in the following.  
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HUMAN SKELETON MODEL  

The geometrical convention 
The convention, used for this model, is an alternative that proposed by Denavit and Hartenberg (12) (Figure 3).  
The translation variable dj is used as a geometric parameter (Eq. 2).  
   

 

 

Figure 3 : Modification of a referential Ri to Rj 

Using this convention, a vector in the coordination system i Vi is related to Vj in the coordination system j 
through the following homogeneous passage matrices Tij(� j) (4x4) (Eq. 2):    
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The anthropometric model construction 
For a chain of tree structure, the homogenous passage matrices of the end segment can be written as (see Figure 
4): 
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Figure 4 : Example of a tree structured chains. 

A human skeleton is simplified into an open chain with 27 segments articulated by a joint of one to three degree 
of freedom. The whole body has 57 degrees of freedom. The centre of the two hip joints is defined as origin 
(21).  

 

Figure 5: geometric model 

DATA COLLECTION  
In order to test the feasibility of the proposed approach, a frontal pre-crash experiment was carried out at 
INRETS. 12 subjects participated in this experiment. All had at least one year driving experience. The details of 
how these data were collected are explained in the following. 

Driver’s anthropometry 
The individual digital model of a subject was defined by superimposing a mannequin into at least two photos of 
different views taken in a calibrated space. 

The aim of the calibration was to calculate the projection parameters of one view, in order to position a 
photograph of a real subject in the 3d background of numerical model. The parameters were calculated 

x 

y 

z 

0 

1 

2 

i-1 
i 

j 

n 

i +1 
m 



APROSYS Project                                                      Posture prediction module – FINAL 
AP-SP53-0009-B  

 8/19 

according to a method derived from DLT method (Direct Linear Transformation). The methodology consists in 
locating a sufficient number of points (6 minimum) on the calibrating photograph, in which the real 3d 
coordinates are known. 

 

Figure 6: Example of the creation of an individual digital model 

Figure 6 shows an example of defining the digital model of a subject. This operation was carried out with the 
software developed by the INRETS, called MAN3D (20).  

Motion capture 
The driver’s motions in a pre-crash situation were measured using an optoelectronic three-dimensional motion 
capture system synchronizes with a static driving simulator 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 situations –downtown, countryside and 2 motorways- were developed.12 
differently sized subjects participated in the experiment. A review of the pre-crash scenarios is showed by the 
Figure 8, Figure 9 and Figure 10  where the red is the subject’s car. In order not to bias the driver’s behavior, the 
order of the three scenarios implying an incident, except for the training session, was chosen randomly for each 
subject. 
     

a b 



APROSYS Project                                                      Posture prediction module – FINAL 
AP-SP53-0009-B  

 9/19 

 

 

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

 

 

Figure 9: 2 Pre-crash situations in downtown; (a) a pedestrian hidden by bus running across the road. (b) 
A bullet car pulling out when the subject’s car is approaching.  
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Figure 10: pre-crash situation on countryside with unavoidable crash: A traffic jam is caused by a cars 
incident, and a bullet car pulling out.  

 

Sensor information 
Driving data (Figure 11), measured during driving simulation, were stored as a plain text containing all the 
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 12), it is possible to create a referential movement data base.  
 

 

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

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

 

Inverse kinematics algorithm for motion reconstruction 
Motion reconstruction consists of calculating of joint angles from known trajectories of external markers. 
Inverse Kinematics, as opposed to forward kinematics, can be defined as the process of finding a set of joint 
angles that fulfill geometric constraint imposed at the end-effectors. If forward kinematics is v = f(� ), the 
inverse problem consist in finding the reverse function f -1(v). When the number of constraints are smaller than 
the number of DOFs, there is no unique inverse solution. Different methods of inverse kinematics were 
proposed in past: geometric without inversion of jacobian matrix (13), differential using pseudo-inverse (24), 
analytic (14-15) or based on nonlinear programming (16). 
 
The method suggested here is to solve the inverse kinematic problem as an optimization problem.  
 

Case of mono-constraint  
The goal of this section is to find one solution �  in order to coincide the vectors � (t) and V(t) (Figure 14) 
 

 

Figure 14 : Example of objective function  
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Let  S ={ � (0)…, � (i),… � (t) } the problem  constraint set 3x(t+1) and  : �  = { � (0),…, � (i),…, � (t) } the 
problem solutions set  nx(t+1) 
 
We obtain an objective function with the following form: 

Eq. 5 )())(( ttf t d=Q  for � (t)  

Note: 
If � imin = � imax, then � i(t) become a geometric parameter without interfering with � (t ). In this case, the number of 
degree of freedom is decreased at the time of resolving the equation (Eq. 5). 
 
This objective function will make it possible to find �  for S so as to make � (t) to tend toward zero. Therefore, 
the problem becomes an optimization problem (Eq. 6): 
 
 Minimize  ft(� (t)) for  � (t)  

Eq. 6 subject to � imin �   � i(t) �   � imax   

 With  � i Î  [0,2� ] 
 
 
The Nelder-Mead Simplex method (17) was used for minimizing the real-valued function f f (x) for x Î  Rn 

without using x)x(f ¶¶ . There are four basic operations: Reflect, Expand, Contract and Shrink, corresponding 
to four coefficients � , 	 , 
 , and �  (The universal choices used in standard Nelder-Mead algorithm are � =1, 	  =2 
and 
 = � = 1/2).    
 
This is one iteration of Nelder-Mead algorithm for one initial � k(t) 
      
Step 1: Order. Order the n+1 vertex to satisfy;  

·   ft(� 1(t))  �   ft(� 2(t))  �  … �   ft(� k(t)) �  … �   ft(� i(t))  �  … �   ft(� n+1(t)) 
 

Step 2: Reflect. Compute the reflection point � r(t) from 

·  )t(.)t().1()t( 1nr +-+= QrQrQ  , where )t(Q  is the centroid of the n best points. 

 
Step 3:  Expand. If ft(� r(t)) <  ft(� 1(t)) calculate the expansion point � e(t), 

·  � e(t)=(1+  � .	 ) )t(Q - � .	 . � n+1(t) 
 
Evaluate and if  ft(� e(t)) <  ft(� r(t)) accept � e(t)and terminate the iteration, otherwise accept � r(t) 
and terminate the iteration. 

  
Step 4: Contract. If   ft(� r(t)) > ft(� n(t)) perform a contraction:    

·  Outside.   ft(� n(t)  �    ft(� r(t)) <  ft(� n+1(t) 

 Calculate � c(t)=(1+ � .� ) )t(Q - � . � .� n+1(t) 
 Evaluate and if  ft(� c(t)) �   ft(� r(t)) accept � c(t) and terminate the iteration, otherwise go to 
 step 5.  
 
·  Inside. ft(� r(t)) > ft(� n+1(t)) 

 Calculate � cc(t)=(1+ � ) )t(Q - � .� n+1(t) 
 Evaluate and if  ft(� cc(t)) <  ft(� n+1(t)) accept � cc(t) and terminate the iteration, otherwise go 
 to step 5.  

 
Step 5: Shrink. Perform a shrink step, evaluate ft  at the n points  

·  Wi(t) = � 1(t)+ � (� i(t)- � 1(t)),  i = 2, …, n+1 
The vertices of the simplex at the next iteration consist of {� 1(t), � 2(t)=W2(t), � 3(t)=W3(t),…, � n+1(t)=Wn+1(t)} 
 
After some iteration you get: 
   ft(� 1(t)) = ld »)t(  with  the stopping criteria  � , tend  toward 0. 
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 and the  solutions set : � (t) = { � 0(t), � 1(t),…, � i(t),…, � n(t)}  
 
Step 6: The next step consist of solving this equation at (t+1) (Eq. 7) ; 
 
 
 Minimize ft+1(� (t+1)) for � (t+1)  

Eq. 7 subject to � imin  �   � i(t+1)  �   � imax   

 with  � i Î  [0,2� ] 
 
 
At the time of initialization � k(t+1) =  � 1(t) is calculated. This constraint avoids a divergence of the solution 
set. After (t+1) loops, a solution set of �  for S is obtained. 
 

This solver permits to easily solve the initial problem without knowledge of the geometry of system. Moreover, 
it’s easy to implement the algorithm. However, it’s necessary to control the initial � k(0) and the parameters (� , 
	 , 
 , and � ) for generating the solution set of � . This means that the posture calculated from this algorithm 
depends on the initial position as well as on these four parameters. 
 

Case of multiple constraints  
Most frequently, two approaches are used for solving the problem of a tree structured chains subject to multi-
constraints (Figure 15). The first is to find a trade-off of these constraints. None of the constraint is achieved 
exactly, but total residual error is minimized. Since a weight can be assigned to each constraint to control the 
distribution of the residual error, this is known as a weighting strategy (18). A second possibility is to sort the 
constraint by order of priority, in order to satisfy the most important constraints in the first (19).    
 

 

Figure 15 : Example of a tree structured chains subject to multi-constraints � i(t).  

In the present work, an original method has been developed. It divides the problem of multi-constraints into a 
set of mono-constraint problems by a structural resolution way (Figure 16). The constraint which is the closest 
to the origin is solved the first, and then the more distal constraints.   
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Figure 16 : Example of structure with multi-objective system  

The dependence conditions must be evaluated. For example, in the case of Figure 16, the problem �  and �  
must be solved before solving the problem� . That way, a resolution law is obtained (Eq. 9);  
 
 ��� �  
 � � ��� �  
 � � � � ��� �  

Eq. 8 � � � � ��� �  

 � � � � � � ��� �  
 � � � � � � ��� �  
 � � � � � � � � ��� �  
 
In a simplified version; one can get 

Eq. 9 �  � � , � �  { � ,� }, � � { � ,� }, � � �  

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

{ � �  � �  � �  � �  � �  � �  � } 
{ � �  � �  � �  � �  � �  � �  � } 

Eq. 10               { � �  � �  � �  � �  � �  � �  � }  

{ � �  � �  � �  � �  � �  � �  � } 
{ � �  � �  � �  � �  � �  � �  � } 
{ � �  � �  � �  � �  � �  � �  � } 

… 
 

This method has been integrated into our model (Figure 17). 
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Figure 17: Example of application of tree structured chains subject to multi-constraint � i(t). 

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

 

Figure 18 : Example of parameter modification of objective function. 

 
At first, the angles q0, q2 are chosen, in this example, to move the end-effector. In this case, � (t) = { � 0(t), � 2(t) } 
and ft(� (t))= � (t).. A threshold � , which compares with the distance between current and desired target positions, 
is defined as the criteria for the modification of  ft 
 
  Minimize  ft(� (t))  

  Subject to � imin �   � i(t) �   � imax   

  With  � i Î  [0,2� ] 
 
Eq. 11  if  � (t) > �  then � ’(t) = { � 0(t), � 1(t) } : 
  else � (t) = { � 0(t), � 2(t) }  
 
  Minimize  ft(� ’(t))  

  Subject to  � imin �   � i(t) �   � imax   

  With  � i Î  [0,2� ] 
  
for � (t) �   �   , we get � (t) = { � 0(t), � 1(t) ,� 2(t) }  
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Given to generalized form: 
� ’(t) + ( � (t )-� ’(t) 
  �  (t)) 

 
Figure 19 shows an example of resolution strategy when reaching a far target.  
 

 

 

Figure 19 : Example of application of parameters modification of objective function: in the first time the 
mannequin try to reach the target (a) and if is not possible a modification of parameters function is 

realized (b) 

 

NEURAL NETWORK FOR CALCULATION IN REAL TIME  
For the calculation in real time, the artificial neural network (ANN) will be used (22-23), because of its rapidity 
of mapping Rn to Rm . This ANN model will be divided into four parts with one part per body segment (Figure 
20). A ANN model will trained for each subject using the existing postural data. For one subject, the inputs will 
be the data collected by vehicle sensors. The outputs will the driver’s joint angles. 
 

Target 

a) b) 
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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.   

 

References 

1. Directive 1999/98/CE  de la Commission, du 15 décembre 1999, portant adaptation au progrès technique de 
la directive 96/79/CE du Parlement européen et du Conseil concernant la protection des occupants des 
véhicules à moteur en cas de collision frontale. 

2. Miriam A. MANARY, Carol A. C. FLANNAGAN, Matthew P. REED & Lawrence W. SCHNEIDER 
(1998): predicting proximity of driver head and thorax to the steering wheel. ESV Windsor, Canada, 16th 
International technical conference Mai 31 to June 4. Paper number 98-S1-0-11. 

3. Matthew P. REED, Miriam A. MANARY, Carol A. C. FLANNAGAN & Lawrence W. SCHNEIDER 
(2002): a statistical method for predicting automobile driving posture. HUMAN FACTOR, vol. 
44,n°.4,Winter 2002, pp 557-568. 

4. Matthew P. REED & Carol A. C. FLANNAGAN (2000): Anthropometric and postural variability 
limitations of the boundary manikin approach. Society of Automotive Engineers, Inc. 2000-01-2172. 

5. M. HETIER, H. MORVAN & P DRAZETIC (2004): A new approach for safety crash test: using a genetic 
algorithm. International Journal of Crashworthiness. Volume 9 Issue 6 – December 2004. 

6. Hetier, M., Morvan, H., Drazetic, P. and Markiewicz, E., 2002. Analysis, modelling and simulation of 
human behaviour during a phase of pre-crash and their consequences during the collision. Archive of 
physiology and biochemistry ISSN 1381-3455, p  

7. Karl-Heinz BAUMAN, Rodolfo SCHONEBURG & Rainer JUSTEN (2001): the vision of a comprehensive 
safety concept. ESV Amsterdam, The Netherlands, 17th International technical conference, June 4-7, paper 
number 493. 

8. Mackay, M., Hassan, A.M. and Hill, J.R. (1998): observational studies of car occupants’ positions. ESV 
Windsor, Ontario, Canada, 16th International technical conference on the enhanced safety of vehicle, May 
31-June 4 paper number 98-S6-W-42. 

C
ollecting D

A
T

A
 

S
ensors  inform

ation 

Postural Deduction 

 Neural networks 

Calculation of left harm and trunk 

Calculation of right harm  

Calculation of left leg 

Calculation of right leg 



APROSYS Project                                                      Posture prediction module – FINAL 
AP-SP53-0009-B  

 19/19 

9. M. KASSAAGI, T. PERRON, E. PEAN, H. GUILLEMOT & J.C. BOCQUET (1999): study of drivers’ 
behaviour in rear-end accident situations on a driving simulation. Driving Simulation Conference DSC’99. 

10. Mohamed KASSAAGI, Guillaume BRISSART & Jean Christophe POPIEUL (2003): a study on driver 
behavior during braking on open road. ESV Nagoya, Japan, 18th International technical conference, May 
19-22, paper number 340 

11. Mickaël HETIER, Frederic ROBACHE, Barbara AUTUORI, Xuguang WANG & Hervé MORVAN 
(2005): Experimental investigation and Modeling of driver’s frontal pre-crash postural anticipation. Digital 
Human Modeling for Design and Engenieering Symposium Proceedings 2005. 

12. J. Denavit and Hartenberg (1955): “A kinematic notation for lower-pair mechanisms based on matrices”, 
Journal of applied mechanics June 1955. 

13. Wang, X. and  Verriest J.P.(1998) : “A geométric algorithm to predict the arm reach posture for computer-
aided ergonomic evaluation”,the journal of visualization and computer animation, 1998,Vol 9 pp. 33-47. 

14. Tolani, D. and Badler N. I. (1996) : “Real-time inverse kinematics of the human arm”, Presence,1996, Vol 
5.4 pp. 393-401. 

15. Tolani, D., Goswani A., Badler N. I. (2000) : “Real-time inverse kinematics techniques for anthropometric 
limbs.”, Graphical Models, 2000, Vol 62 pp. 353-388.    

16. Zhao, J. and Badler, N.I. (1994) : “ Inverse kinematics positioning using nonlinear programming for highly 
articulated figures.” Transactions On Graphics, 1994, Vol. 13.4 pp. 313-336. 

17. Lagarias, J.C., J. A. Reeds, M. H. Wright, and P. E. Wright (1998): “Convergence Properties of the Nelder-
Mead Simplex Method in Low  Dimensions”, SIAM Journal of Optimization, Vol. 9 Number 1, pp. 112-
147, 1998. 

18. Badler N.I., Phillips C.B. and Webber B.L. (1993) : “Simulating Humans”, Oxford University Press 1993. 
19. Paolo Baerloher and Ronan Boulic (2004) : “An inverse kinematic architecture enforcing an arbitrary 

number of strict priority levels” The Visual Computer, Volume 20, Number 6, August, 2004. 
20. Jean Pierre VERRIEST (2003): MAN3D : Un Mannequin numérique pour la simulation ergonomique – 

Société de Biomécanique, Journée thématique Humanoïde, 15 mai 2003 Valenciennes. 
21. SAE Standard, Devices for use in defining and measuring vehicle seating accommodation – SAE J826 

JUL95.  
22. McCulloch, W.S, Pitts W. (1943): “A Logical calculus of ideas immanent in nervous activity”, bulletin of 

mathematical biophysics 5, 115-133. 
23. Yann Le Cun (1987): “Modèle connexionnistes de l’apprentissage“, doctoral thesis, Paris-6.  
24. A. Fournier (1980) : “ Generation de movement en robotique application des inverse généralisées et 

pseudo-inverses”,  doctoral thesis, Université des sciences et techniques du Languedoc. 
 
 
  


