
  

 

I. INTRODUCTION 

The aim of the MIRAD project (an integrated 
Methodology to bring Intelligent Robotic Assistive Devices 
closer to the user) is to generate scientific and technological 
knowledge that is applicable to a wider area of robotic 
devices that dynamically interact with humans. To test and 
validate the obtained methodology, a challenging bilateral 
intelligent active lower-limb orthosis will be designed, built 
and tested to assist people suffering from functional 
weaknesses. Knowledge and results from other projects 
within our group that are related to this domain, such as 
ALTACRO (Automated Locomotion Training using an 
Actuated Compliant Robotic Orthosis) and KNEXO (KNee 
EXOskeleton) [1], can be shared to achieve the objectives. 
The first prototype will be a 1-degree of freedom single 
instrumented joint, to be mounted on the hip or knee, 
supporting the wearer during normal gait and sit-to-stance. 
The kinetic and kinematic data is obtained from [2] and from 
biomechanical experiments. 

II. SINGLE INSTRUMENTED JOINT 

A fundamental step towards designing the single 
instrumented joint is to define the necessary parameters that 
make up the design, and finding an objective function that 
allows one to achieve a certain predefined goal while 
remaining within the boundaries that lead the design. The 
actuation principle is a type of variable stiffness actuator 
called a MACCEPA (Mechanical Adjustable Compliance and 
Controllable Equilibrium Position Actuator), using rigid 
linkages. A sketch is provided by Fig. 1, which contains the 
different variables of the system. Letters A, B and C represent 
the lengths of the linkages. The variable k is the stiffness of 
the spring, while P stands for its pre-compression length. The 
angle α is responsible for generating an amount of torque T 
about point a, caused by the force f. It is our objective to 

 

Figure 1. Configuration of a MACCEPA using rigid linkages. [3] 
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define all of these parameters and generate a torque trajectory 
that is desired by the application, but with the least amount of 
energy and power required. Once the design parameters have 
been defined after completion of the optimization, matched 
with the trajectory of the angles α, the characteristics of the 
mechanical load are known for each motor function and joint. 
The load curves and their corresponding maximum lower 
bound curves (MLB) provide a graphical method to select a 
suitable motor, for a specific range of transmission reduction 
ratios, of which one can be chosen by evaluating a trade-off 
between motor efficiency, total weight and mechanical 
efficiency. The joint will mainly be used to test the properties 
and characteristics of the actuator experimentally, evaluating 
its potential and effectiveness for further development within 
the project, and serve as a first test subject for control 
engineering. 

III. FUTURE WORK 

 Future prototypes will significantly increase in 
complexity and eventually will have evolved from a 1-degree 
of freedom single joint to a complete assistive lower-limb 
exoskeleton. The device is required to assist people suffering 
from functional weaknesses during various motor functions, 
such as gait, sit-to-stance, stair ascent, unlevel walking, 
taking a turn,… Research will reveal on which motions to 
concentrate the design and how much level of assistance is 
needed, while still having the ability to provide assistance in 
other motor functions. Thoroughly investigating the 
biomechanical requirements needs to lead to innovative joint 
design and make the exoskeleton wearable. Another 
important point of attention will be the formulation of the 
objective function to minimize the amount of work and 
power, as this forms the foundation of the optimization, and 
a starting point for the design. The influence of each variable 
needs further analysis, and perhaps equally important, which 
variable to incorporate in the first place. 

ACKNOWLEDGMENT 

This project is funded by the Agency for Innovation by 
Science and Technology (IWT) under grant number 120057. 

REFERENCES 

[1]  P. Beyl et al., "Safe and Compliant Guidance by a Powered Knee 
Exoskeleton for Robot-Assisted Rehabilitation of Gait," Advanced 

Robotics, vol. 25, no. 5, pp. 513-535, 2011.  

[2]  D. Winter, Biomechanics and motor control of human gait, second 
edition, University of Waterloo Press, 1991.  

[3]  J. Geeroms, L. Flynn, R. Jimenez-Fabian, "Ankle-Knee Prosthesis with 

Powered Ankle and Energy Transfer for CYBERLEGs Prototype," in 
IEEE International Conference on Rehabilitation Robotics, Seattle, 

Washington USA, 2013.  

Design of a 1-Degree of Freedom Proof of Concept MACCEPA 

Actuator for use in a Robotic Assistive Lower-Limb Exoskeleton 

T. Schepers, K. Junius, M. Rahman, B. Vanderborght and D. Lefeber 

Robotics & Multibody Mechanics, Vrije Universiteit, Brussels, http://mech.vub.ac.be/robotics 


