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SUMMARY 
This work presents first results of a study on the postural 
behavior of subjects based on mobile platform on which the 
subject is standing. A real time motion capture measures the 
subject posture; a personal computer analyzes the collected 
data and control the motion of the platform using suitable 
algorithms. The balance of the subject is so perturbed and 
her/his skill is necessary to avoid falling down. 
After an introduction, the paper describes the systems and 
presents preliminary results highlighting the potentiality of the 
devices both for diagnoses and therapy of postural disorders. 
 
 
INTRODUCTION 
Postural disorders are held responsible for vertebral and 
rheumatic pains; they are a major public health issue in most 
of western World countries. Among the French population, 
postural disorders represent the third source of health 
expenditure. Improving posture management is therefore both 
an economic and a public health necessity. 
Since human stand-up posture is a late and complex 
evolutionary acquisition, it implies virtually every sensor and 
actuator of our body. Using the new possibilities offered by 
robotics and virtual reality technology, we aim to combine 
those highly innovative techniques to better understand and 
measure human posture and to dynamically solicit body’s 
posture management inputs (proprioceptive, vestibular and, in 
future, visual inputs). 
The general –modern- approach in postural rehabilitation 
consists in looking for the root-causes of the disorders and 
once the faulty function is identified, to solicit it gradually, in 
order to “train” and hopefully improve it to its original level.  
The postural management system training is based on the 
controlled stimulation of patient’s postural input, by placing 
him/her on an unstable support and immersing him in a 
disturbing virtual environment. Passive plates provide a 
reactive destabilization, in contrast to real situations, where 
the uneven floor is usually fixed. By contrast, the motorized 
platforms [1], [2], [3], [4] and more those which are controlled 
[5] provide a safe and realistic simulation. As a result, the use 
of unstable motorized and controlled platforms for the postural 
rehabilitation shows pertinent advantages (safety, attractive 
exercises, personal monito 

ring, exercise diagnosis...). Furthermore, it also represents as 
an alternative to the analysis of the motor control 
programming posture such as the study of particular diseases 
(myopathy [6], Parkinson’s disease [7]). Indeed, the posture 
measurement during time, foot/ground interaction efforts and 
the activation patterns of specific muscles during reactions to 
stability perturbations caused by a motorized platform, enables 
analysis of pathological behavior [7]. 
 The key idea of this project is to design a powerful adaptive 
rehabilitation device, able to take into account the patient’s 
posture as an input, in order to adapt the rehabilitation process 
to the patient’s progress. The device will be an integrated 
solution including: 
 
� An accurate human posture measurement device, 

including upper body position assessment 
� A dynamic and safe balance board 
� A visual display, enabling full control over the patient’s 

visual feedback (future option) 
� An innovative control, able to control the balance board 

using patient’s posture input and adapt the protocol 
parameters to the specificity of this patient. 

As for today, no other project does include the human posture 
as a critical input in the board. The whole system will work in 
close-loop, enabling to control in a safe environment the 
patient’s proprioceptive, vestibular (and in future visual) input. 
 
 
METHODS 
The system, installed at the ISIR lab of UPMC, is composed 
by the following parts: a controllable 2DOF (degrees of 
freedom) mobile dynamic platform, a real time motion capture 
system, a force platform, and a PC for the data collection and 
elaboration which also implements the control algorithms.  
On the platform is established a reference frame: the origin is 
in the platform center, the Z axis points upward, the X axis 
points forward and the Y axis points laterally to the left. So 
when the subject stands in a rest position, axes XZ define the 
sagittal plane, and YZ the frontal one. 
The mobile platform (figure 1) can be inclined rotating it 
around the X or the Y axes. A rotation around Z will be added 
in future. The maximal inclination angle is about ±10°. The 



platform is actuated by two brushless motors that can be 
controlled in position, velocity and acceleration. The geometry 
of the transmission that relates the motor rotations with the 
platform inclination have been developed and taken into 
account in the control algorithms. The accuracy has been 
verified using an electronic level; errors were less that 0.1°.  

 
Figure 1. The current dynamic platform (2DOF) 

The motors are controlled by Compax C3Sl12T11 axis 
controllers. They are connected by RS-232 to the PC. 
The motion capture system is Codamotion© with 3 CX1 [8] at 
choosing frame rate of 200Hz using active markers; it is 
connected to the PC by a RS422 interface. 
The force platform is a 6-channel AMTI OR6-7-2000 
connected to the PC by a RS232 interface. 
The PC is equipped with SDK [9] real time operative system. 
The interfacing with the acquisition system is performed using 
the library Codamotion© RTN and the control algorithms are 
developed in C++ language. 

 
Figure 2. A preliminary setup of the dynamic platform and the 
motion capture system 
 
Many markers are placed on the subject (head, shoulders, 
upper arms, hips) and their position is monitored by the 
motion capture system. 
At the beginning the platform is moved to a horizontal ''home'' 
position and the motors position is recorded.  
The subject is requested to stand on the platform in a rest 
position (legs extended, upper limbs hanging laterally, head 
horizontal watching forward). The positions of the marker on 
the head is collected for few seconds, and its coordinates are 
averaged to establish the initial rest position.  
Then the subject is requested to perform a predetermined 
motion, the current marker positions are collected. The 
difference between the current marker positions and the rest 
positions are real-time used to proportionally actuate the 
platform orientation. 
For instance the platform inclination is command as follows 

( )
( ) 00

00

yy

xx

xxk

yyk

θθ
θθ

+−±=
+−= m

 

where θ represents the platform inclination, x and y are the 
coordinate of a chosen marker, k is a suitable gain, and the 
subscript 0 marks the initial values (home or rest position). 
The gain may be positive or negative giving the possibility to 
experiment in-phase or counter-phase trials. 

58 60 62 64 66 68 70 72 74 76 78

0

5

10

15

 

 
platform motion
marker motion

 
Figure 4 Tracking of the platform motion which follows an 
arbitrary marker motion with a limited delay (system test). 
The tracking is lost for negative values because the platform 
reaches its motion limit. 
 
 
RESULTS AND DISCUSSION 
Preliminary tests have been performed to verify the system 
and prove the effectiveness of the proposed methodology. One 
of the first issues to be faced is the determination of the most 
suitable value for the gain k. Theory and experimental tests 
proved that high absolute values may bring the system to 
instability. However the instability is also related to the 
subject behavior which is one of the topics to be analyzed 
during the research. 
 
CONCLUSIONS 
Preliminary tests show that the system is reliable, effective 
and very promising for the study and the therapy of postural 
disorders. A future development is the implementation of a 
methodology for the optimal tuning of the gain k to be used 
for each individual subject. In this way the system is more 
user adaptable. 
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