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Introduction and Problem Description

Besides the progress we see in the last decades, modern humanoid robots, exoskeletons, gait rehabilitation train-
ing devices or lower limb prosthesis do still not reach human performance by far. For many aspects of bipedal
locomotion, there is a fundamental lack of understanding of the underlying biomechanics principles and control
schemes.

One mechanism that is assumed to contribute to the high efficiency and natural leg dynamics in human walking
is the swing leg catapult. This expression describes an effect in human walking arising shortly before the hind leg
leaves the ground to swing forward. An impulsive power output at the ankle joint is observed propelling the leg
forward into swing, similar to a catapult launching to fire its projectile [3, 5].

The project EcoWalk at our chair aims to find a functional description of this swing leg catapult in human walk-
ing and implement it on the child-sized bipedal robot EcoWalker, see fig. 1.

Figure 1: Schematic, CAD rendering, and image of the EcoWalker robot from MPI Stuttgart [4]. The schematic on
the left shows the angle definitions, the joint angle limits, and the spring tendon routing. The toe tendon is mounted slack
without a spring. The four-bar mechanism limits trunk motion to the sagittal plane and prevents trunk rotation. EcoWalker is
a child-sized bipedal robot weighing 2.2 kg. The knee and hip joints are actuated by motors adapted from the SOLO robot
modules [2]. The robot’s ankle joints are purely passive elastic. Springs imitate calf muscles. The knee muscle spring tendon
mimics the Vasti muscle group. A rotating toe spring reproduces the elasticity of the foot. The stiff toe tendon between the
femur and toe segments increases ground clearance. It pulls the toes into dorsiflexion when the knee flexes more than 20◦.
Figure adapted from [4].

1



Task Description

Your work will be to implement a neuromuscular control architecture for the motor control of EcoWalker based on
[1]. After successful implementation, you will compare different control principles, including position control, force
feedback control and current control.

Requirements

• Experience with simulation of dynamical systems (Multibody-Simulation)

• Profound knowledge in technical mechanics and dynamics

• Strong background in control theory

• Experience with electronics, microcontrollers and robotic hardware

• Coding in Python

• Curiosity and strong motivation

• Independent, structured problem solving and documentation

• Previous robotic hardware experience in robotics may be beneficial, but is not required
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