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I. INTRODUCTION

The understanding of the human dynamics and the mech-
anisms in which the human beings are able to interact with
the external environment are two of the most promising
challenges for the scientific community. The reason of this
interest lies in the application of such collaborative tech-
nologies in industrial and rehabilitation fields, as well as in
daily-life scenarios. If the application is aimed to enhance
a collaborative task between a human agent and a robot
(i.e., a manipulator in industrial scenarios or an orthesis in
rehabilitation field), it implies that the robot has to know
mandatorily what the partner is (in term of modelling)
but also his dynamics (internal forces and joint torques).
Although several well-distributed technologies on the market
make possible the estimation of the real-time human motion
(e.g., motion capture systems as Vicon, Xsens and Microsoft
Kinect), the estimation of exchanged forces with the external
environment is still an outstanding problem.

The novelty of this work is to bridge this gap thanks to a
combination of different sensing technologies and a whole-
body dynamics estimation algorithm. The overall technology
will allow an online estimation in daily-life environments.
Based on the theoretical probabilistic background of our pre-
vious work [1], we developed a YARP-based architecture [2]
for retrieving the human whole-body dynamics estimation.

II. TECHNOLOGY DESCRIPTION

A. Kinematic modelling

The human modelling is a pivotal step for retrieving the
human dynamics. The Xsens motion capture system provided
the kinematic data for building the model. By adopting
the classical widespread formalism in robotics [3]-[4] we
propose a human body model as an articulated multi-body
system represented by an oriented kinematic tree with 23
moving links. The links are modelled with simple geometric
shapes (parallelepiped, cylinder, sphere), connected by 3
Degrees-of-Freedom joints.

B. Dynamic modelling

The second crucial point is to obtain the dynamics infor-
mation (i.e., internal forces and joints torques). Since their
direct measurement cannot not be retrieved in vivo, the best
practice consists in estimating these quantities measuring the
forces exchanged by the user with the environment (i.e.,
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external forces). The dynamics information is provided by
two AMTI force platforms.

C. YARP architecture

The YARP middleware [2] is used to perform the human
dynamics estimation in a real-time domain. Its advantage lies
in minimizing the effort in the infrastructure-level software
development by facilitating code reusability and modularity.
Figure 1 shows the YARP architecture. The pink area is
composed by three modules:

• the human-state-provider module reads the link infor-
mation from a human model (built in a pre-acquisition
phase) and returns the human state.

• the human-forces-provider module reads forces com-
ing from different YARP-based sources and transforms
them into the human reference frames.

• the human-dynamics-estimator module performs a
Maximun-a-Posteriori algorithm for estimating the dy-
namic quantities of each link composing the human
model (see algorithm details in [1]).

The gray area is in charge of the real-time visualization
of i) the human model and its kinematics, ii) the external
forces acting on contact links, iii) the joint torque estimation
by means of a ROS-based visualizer [5] . Software repository
freely available on Github1.

III. TOWARDS THE EX-SITU ESTIMATION

Despite being the gold standard in measuring ground
reaction forces, the force platforms are considered a limiting
technology. They require i) to be mounted in a laboratory
environment (i.e., no ex-situ acquisitions) and ii) to be
at least two platforms to record a human movement (one
platform per foot). We developed a prototype of wearable
shoe capable of measuring 3D forces and 3D moments
(Figure 2a). The shoe is instrumented with a couple of
force/torque sensors developed by the Istituto Italiano di
Tecnologia (Figure 2b) for the humanoid robot iCub [6].
Preliminary results on the calibration of this prototype are
very promising. The forthcoming work will be addressed
to translate the experimental framework in Figure 1 into a
framework where the human subject can interact in a daily-
life environment. This will be possible by substituting the
force platforms readings with the measurements coming from
the YARP-based sensorized shoes.

1https://github.com/robotology/human-dynamics-estimation
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Fig. 1: The YARP architecture for estimating and visualizing human dynamics. The software architecture is able to estimate every 10 ms
the dynamic quantities in the model and to visualize the information about the kinematics and the dynamics of the human via RViz. Here
the particular case of a human-robot interaction is shown.
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Fig. 2: (a) Prototype of wearable shoes for computing ground forces
and moments. (b) Force/torque sensor.
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