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Summary

Theory about the stability in dynamic situations based on the inverted 
pendulum model
New spatial variable, the extrapolated center of mass which enables to 
formulate stability condition which is valid for both static and dynamic 
situations
Experimentation on standing human stability



Key concepts

Center of mass (CoM)
Center of pressure (CoP)
Base of support (BoS)
Extrapolated center of mass (XcoM)
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Stability situations 
when v > 0

Case a: CoM < XcoM < CoP < BoSmax

No problem, No action
Case b: CoM < CoP < XcoM < BoSmax

Action needed, move CoP in front of XcoM.
Time to action limited: XcoM will reach BoS 
in a ‘time to contact’

Case c: XcoM > BoSmax
Unstable case, no movement of CoP prevent 
CoM pass outward of the BoS
Only solution change the BoS



Experiment

10 subjects (5 male, 5 female)
• age 23.3 (std:1.3) years
• body mass 74.1 (std:12.4) kg
• leg lenth 0.936 (std:0.06)m

5 situations
• 2 feet
• 1 feet
• 2 feet toes
• 1 feet toes
• walking on a treadmill



Results



Pros and Cons

Pros
• Enhanced Understanding of 

Stability
• Quantitative Measures

Cons
• Limitations of the Model
• Dynamic Situations Complexity
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Exam questions

What’s the XcoM and how it improves the old method ?
The XcoM is the extrapolated center of mass, XcoM is defined as the position of the 
center of mass (CoM) adjusted for its velocity. It’s improves the old model by taking in 
account the velocity of the center of mass. It creates a new stability condition that is valid 
in static and dynamic situations

What’s the difference between spatial and temporal stability ?
Spatial stability is the smallest distance between XcoM and BoS. It bears direct relation 
to the minimal impulse needed to bring the subject out of balance, and it can be applied 
not only for standing but for all postures in which the body is more or less erect.
Temporal stability is the spatial distance divided by the velocity. It refers to the time when 
you gonna fall if you do nothing.



Any questions ?


