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INTRODUCTION 
Diseases of the nervous system affect the structure  involved in equilibrium with a consequent reduction of the 
capacity of controlling gait and balance. 

The most used clinical test to characterize the instability is the static posturography, which tests the balance 
from the measure of the position of the center of pressure (COP) of the subject while he is standing on a force 
platform. 

The sensibility of static posturography can be increased by increasing the oscillation of the COP: the subject 
can be placed in conditions of unstable equilibrium or stability limit, that is the main concept of dynamic 
posturography. 

Most of the indices used to analyze postural balance are based on the hypothesis that the subject’s behavior during static equilibrium 
could be approximated as an inverted pendulum, thus, the validation of the inverse pendulum hypothesis during dynamic posturography 
must be analyzed to permit feasible diagnosis. The inverse pendulum model gives a relation between the center of pressure (COP) and 
the center of mass (COM) of the subject. 

STABILITY INSTABILITY 

THE MEASUREMENT SYSTEM 

THE ACTUATION SYSTEM 
The actuation system is composed by a moving 
platform, called IsiMove, with 4 degrees of freedom: 

Å Rotation around X axis (max ±15°, ±15°/s) 
Å Rotation around Y axis (max ±15°,  ±15°/s) 
Å Rotation around Z axis (max  ±120°, ±75°/s) 
Å Translation along the X axis (max ±120mm, 

±250mm/s) 

THE FORCE PLATFORM 
The COP position is measured using a 
pressure sensor matrix platform (Matscan, 
Tekscan). 

52 sensors for each column and 44 sensors 
for each row are used to computed the COP 
with a measurement accuracy of 83nm. The 
COP position is measured computing the 
weighted average of the pressures measured 
by each sensor 

THE VISION SYSTEM 
The kinematics of the subject is 
measured with a marker based 
vision system composed by two 
triangulating devices (Coda-
CX1, Coda Motion). 
Each device acquires the 
infrared light emitted from each 
marker (placed over the 
subject) using three different 
cameras. We use two devices to 
increase the measurement 
accuracy and to reduce the 
presence of marker occlusions. 

MARKERS: 
We placed 10 
marker on the 
posterior side of the 
subject to measure 
his instantaneous 
kinematics. 

INVERSE PENDULUM VALIDATION Measurement protocol during a 
sample test: 
1. STANCE PHASE, from 0s to 13s: the 

subject stands on the force 
platform with the robotic platform 
stopped. This is the case of static 
posturography. 

2. PERTURBATION PHASE, from 13s to 
26s: the subject stands on the force 
platform and the robotic platform 
moves around the Z axis. This is the 
case of dynamic posturography. 

In both conditions the COP and the 
COM position where acquired 
simultaneously (right, upper graph) 
and their difference were computed 
(right, lower graph). 
This test shows that when perturbation 
occurs, the inverse pendulum model is 
not valid to accurately describe the 
stability of the subject. 

To maintain his equilibrium the subject behave like an inverse 
pendulum. In this case, there is a relation between the 
subject’s COP position and the subjetc’s COM position and 
acceleration: 
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Where: 
Å I is the  moment of 

inertia of the body 
(without the feet); 

Å W is the body weight; 
Å h is the COM height. 
During the equilibrium 
the human muscles 
generate torques (Mi) to 
maintain the body 
stability. FRONTAL  
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