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Introduction

• Modeling Human
• Improving design and control of 
humanoïd robots.
• Improving the knowledge of motor 
diseases. 
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Postural Coordination Modeling

Postural Coordination Experimentation

CoP Constraint
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Human modeling
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Humanoid Robots

 Postural coordination model based on robotic control 
scheme: [Bonnet08]

 
Torque control is needed

Torque saturation:

Pseudo-inverse minimizes 

Minimum Torque Change
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Humanoid Robots
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Experimentations

On HOAP3:
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Muscle Model

Passive stiffness (Muscle Model):
 [Hill38][Huxley69][Zajac89]
DEMAR Project
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Muscle Model
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Model
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Assessment 
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Fig. 9. General block diagram of the musculoskeletal postural coordination model. Input Xd is the prescribed head position on X axis, which is measured
onto the subject. PD represent a neural controller to track the target, Uss is the supraspinal neural signal, the output is the joint position θ. The reflex
loops on joint positions and velocities (provided via spindles) and on torque (GTO) change the Uss control signal, and hence modify muscle stiffness. The
muscle group block is described on Fig. 7. θ0 and θ̇0 are quiet stance values, θ=(π/2, 0)T and θ̇0 = (0, 0).

loop model scheme minimises an energetic criterion while
minimising the joint deviations from rest position.
Therefore our non-linear control scheme is composed

of a double inverted pendulum as biomechanical model, a
muscle group (see section III-C), a classical PD controller
in operational space, a torque feedback representing the GTO
and joint positions and velocities feedback representing the
SFR, as shown on Fig. 9.
On Fig. 9, DKM is the direct kinematics model, J+ is

the pseudoinverse matrix and KIa and KII respectively the
position and velocity feedback gains at spindles level.

IV. IDENTIFICATION RESULTS

A. Identification of equivalent spindle feedback gains

Based on motor-control literature and as argued in section
III-D, we propose to identify for each frequency step the
SFR gains, i.e. KII1, KIa1, KII2 and KIa2, where index
1 stands for ankle and index 2 for hip. All other model
parameters are taken constant and known prior to identi-
fication, chosen according to physiological considerations.
They correspond to the same typical subject described in
section II. In addition, the operational space gains are taken
as P = 800 and D = 1000, in order to let the closed-loop
model follow the desired head position with a good accuracy
for all frequencies. As regarding physiological meanings, this
tuning process is equivalent to adjusting as close as possible
the dynamical reflex behaviors of each movement at a given
frequency, to the actual ones.
In this study, SFR gains identification is addressed in the

stochastic framework, where the maximum-likelihood ap-
proach makes it possible to derive a criterion to be optimized
to estimate these gains and an asymptotic uncertainty domain
associated with the estimated gains [26]. Under the usual
Gaussian assumptions for the probability density function of
the data and measurement errors, the maximum-likelihood
estimator boils down to the least-square estimator, which

TABLE I
IDENTIFIED SPINDLE GAINS AND STANDARD DEVIATION

f (Hz) KII1 KIa1 KII2 KIa2

0.2 1815 ±0.01 553.4 ±9e-5 132.7 ±0.02 190.8 ±0.04
0.4 1987 ±44.9 257.4 ±0.56 185.6 ±16.4 1.003 ±0.57
0.65 1203 ±8.7 499.9 ±0.16 21.92 ±0.55 4.990 ±0.15

minimizes the quadratic norm of the following output error:

J =
2

∑

i=1

10T
∑

t=0

(θihum
− θisim

)2 (7)

where T is signal period for a given frequency, θhum and
θsim are respectively the human experimental and simulation
output joint positions.
Because the model employed is nonlinear in its param-

eters, the minimization is usually performed by iterative
search. We used here a Gauss-Newton algorithm to minimize
(eq. 7). The asymptotic standard deviation associated with
the estimated parameters are taken as the square root of the
diagonal entry of the inverse of Fisher information matrix
[26]. Both estimated SFR gains and associated standard
deviations are given in table I, for f = 0.2Hz, f = 0.4Hz
and f = 0.65Hz.

B. Comparison of experimental data with identified model
results
In order to evaluate the quality of our model, hence to

give indications about the validity of our modelling and
identification results, we will compare here the identified
model simulation results and actual data. Fig. 10, 11 and
12 show the actual human movement of the head, ankle and
hip joints, the CoP location and the ones obtained by the
identified model parameters.
The identified model simulation joint angles results for

in-phase and anti-phase modes and during the phase tran-
sition are similar to the ones measured experimentally on
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Experimentations on Sherpa
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Modeling Postural Coordination of 
Hemiplegic Patients
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• Only antiphase postural coordination 
for hemiplegic patients.
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Conclusion

Conclusion
Robotic control scheme including torque saturation is able to 

reproduce human postural coordination.
Control scheme with pseudo-inverse allows to reproduce 

minimal torque change behavior.
Muscle model reduces discrepancy between human and 

virtual human.
This model is based on physiological data and can be a tool 

for decision making in the rehabilitation field. Specifically for 
quantifying the motor disease and recovery time for 
hemiplegic patients.

Ongoing work
model including interaction between handicapped side and 

healthy side (hemiplegic patient). 


