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Abstract—A flexible simulation platform for human gait
with exoskeletons is presented to support the analysis of the
human-robot interaction and performance assessment of
control strategies design, e.g., assist-as-needed. The platform
includes the dynamic modeling of the lower limb’s exoskeletonhuman with six degrees of freedom in sagittal plane, actuated
by servomotors, where the movement equations are explicitly
obtained through the Euler-Lagrange approach. The full model
is hybrid and it contains four sub-models that are switched
between themselves according to the gait cycle phases; also, it
comprises the joint actuators dynamics and the low level
control system, this modeling was assembled in SimulinkMatlab. It is shown that the proposed platform is a useful tool
for assistance control strategies in the gait rehabilitation.
Furthermore, simulation results for the Exo-H3 exoskeleton
show the successful tracking of angular trajectories, the level of
human participation, and the realistic torques.

I. INTRODUCTION

M

OST of the foundational concepts and control
techniques for human gait exoskeletons are inspired or
emerge from the bipedal robotics field. Wearable
exoskeletons are characterized by their kinematic and
dynamic behavior, which in turn determine the design of
mechanical structures and model-based control systems [1],
[2]; these features can be modeled and implemented to run
dynamic simulations for further offline assessment of gait
function [3]. The gait cycle process of the humanexoskeleton coupled system can be divided into four
different contact phases, which generates continuous and
discrete states, and can be described through a hybrid model.
The work [1] proposes a hybrid model of exoskeleton and
each phase of the full model is triggered with the time data.
In other similar research [4], a mathematical hybrid 3Dmodel was developed and it is characterized by a continuous
swing and an instantaneous double support phase, and there
is a discrete event to trigger the transition to the next phase.
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This contribution presents a simulation platform for the
dynamic modeling of exoskeleton for human gait. The
Mathematical approach of dynamic modeling and its
considerations, conception of the model switching estimator
and computation of the interaction torque are explained.
Finally simulation results for the Exo-H3 exoskeleton are
presented.
II. MATERIAL AND METHODS
A. Mathematical approach of dynamic modeling and its
considerations
The conception of the mathematical model of a lower
limbs exoskeleton with human along the sagittal plane is
developed. The phases of the gait cycle for the kinematic
modeling are taken into account, and it is important to
emphasize that the reference system is variable in time
according to the leg in support. The equations of motion of
the dynamic models for each phase of the gait cycle were
conceived through the Euler-LaGrange representation.
B. Conception of the model switching estimator and
computation of the interaction torque
The models are switched to generate a smooth and single
output signal for a joint. Thus, a model switch indicator is
built to show the current phase of the gait cycle, and it is
calculated online using the relative distances between the
feet.
The interaction torque, ( ), in a joint is the sum of the
motor torque; torques produced by other motors, torques due
to static, Coulomb and viscous friction; human torque ( );
and torque by external forces.
is an input to the system,
therefore, it must be generated according to the desired
profile. However, it can be calculated as indicated by (1).
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III. RESULTS AND DISCUSSION
The simulation platform, Fig. 1(a), is assembled in
Simulink-Matlab and describes the dynamic behavior of the
Exo-H3 exoskeleton [5], Fig. 1(b). The platform calculates
signals per joint such as the motor/interaction torque;
positions, speeds, and angular accelerations; there is the
possibility of applying for friction torque compensation.
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Fig. 1.. (a) The simulation platform for dynamic modeling of lower limb rehabilitation exoskeleton. The Lagrangian calculation (L
L) is the
difference between the kinetic and potential energy and it is a function of the positions ( ) and angular velocities ( ̇ ). The sampling tim
time ( )
allows the adequate synchronization of the information flow through the Simulink blocks. The dotted lines show the activation of the models
switch. The joint angle
angles ( ) are the inputs of the kinematic models, and the motor torque
torques ( ) applied to the joints are the control inputs for the
dynamic models. (b) The ExoExo-H3
H3 robotic exoskeleton (Technaid S.L.) has six degrees of free
freedom
dom (sagittal plane) and it is operated by DC
servo
servomotors
motors [5].
[5] (c) The motor
motor tor
torque
ques for 100% assisstance of full system
system,, and switching indicator from 1 to 4 to indicate the phases. The open
openloop simulation was for ten gait cycles, each gait cycle lasts three seconds. The model parameters are the height and mass of the human, the
positions of the COMs, moments of inertia passing through the COMs, and mass of the mechanical structure and motors.
positions

Four continuous dynamic models are generated with the
Euler-LaGrange
Euler
LaGrange formulation, which represent the phases of
the gait cycle and are switched to describe the dynamics
based on the torques applied to joints.
joints. Simulation
Simulations
imulations of bipeds
in sagittal plane with respect to a reference system allow
testing the feasibility of trajectories that are conceived on
other platforms. The
T obtained results by the kinematic and
dynamic modeling fit satisfactorily with the observed data in
the literature [6], [7].
[7] The motor torque level
levels are low during
the double support and single support phase, and they are
within the physical ranges of action
action.. The
he transitions between
phases are smooth
smooth, Fig. 1(c)
1 ). There
here is still a lot of current
research in the control laws design for an exoskeleton
assisting a patient,
patient, including the treatment of constraints and
disturbances to add robustness to the control system.
ONCLUSIONS
S AND OUTLOOK
IV. CONCLUSION

The simulation platform shows that it is a versatile and
flexible tool for research in assisted rehabilitation of the
human gait. Therefore, the platform is useful for the analysis
of gait, and control strategies design; it is used to simulate
control cond
condition
ition for static and dynamic balance, gait assist,
impedance, force feedback, etc.; the validation of the
forward kinematic modeling achieves a successful tracking
of the experimental displacement trajectories, which were
previously applied to the inverse kinematics model; the
he

transfer of final conditions during the models switching and
the synchronized resetting of the integrators allow obtaining
smooth and bounded outputs at the beginning of double
support; for future works, assist
assist-as
as-needed
needed control will be
developed to measure the rehabilitation effectiveness of
patients and various clinical protocols to validate them
them.
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