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• Ad hoc PhD courses / schools:
– Machine Learning
– Scientific Programming and Visualization with Python
– EECI- International Graduate School on Control 2020- M10 Model Predictive Control, Remote
– SIDRA 2021 PhD Summer School, Bertinoro University Residential Centre

• Courses attended borrowed from MSc curricula
– Field and service robotics
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Pennsylvania, 23/05/2022-27/05/2022
– Conferenza I-RIM 3D 2022, 4 Conferenza Italiana di Robotica e Macchine Intelligenti Roma,

Italia, 7/10/2022-9/10/2022
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• Objective: robust control of 
autonomous systems in unstructured 
environments 

• Importance of limbed parallel robots: 
can move in challenging terrains and 
overcome obstacles 

• Open challenges for limbed parallel 
robots: intrinsecally unstable and 
easily subject to external disturbances
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• Problem statement 
– Control of limbed parallel robots able to work in 

challenging environments

– Legged robots: easily subject to disturbances given by 
irregularities in the terrain

– Cable-driven robots: easily subject to disturbances and 
irregular movements given by the flexibility of the cables

Viviana Morlando



• Objective
• Realization of framework able to improve performance 

of limbed parallel robots against disturbances
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PhD thesis overview (2/3)

• Reject disturbances on the legs given
by irregular terrain or collisions with 

obstacles
• Reject disturbances acting directly on 

the center of mass
• Realize a specific case study for care 

assistance

• Realize a smooth movement
modulating the cables tension

• Act against the vibrations of the 
mobile base caused by the flexibility

of the cables

Legged
Robots

Cable-Driven Parallel
Robots
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PhD thesis overview (3/3)
• Methodology

• Optimal control solutions

Disturbance Observer Based Whole-Body 
Controller

• Estimation of forces acting on the legs
• Estimation of forces acting on the 

center of mass

Model Predictive Control
• Using a wrench-based problem to 

modulate the cables tension
• Minimize the oscillations of the base 

given by the flexibility of the cables

Legged
Robots

Cable-Driven Parallel
Robots
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• Robust locomotion for legged robots
v Retain the balance
v Adapt foothold to the roughness of the terrain 
v Reject external disturbances
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PhD thesis
• Proposed solution: Whole-body control with disturbance observers
• Methodologies:

v Decouple the centroidal’s dynamics (the dynamics of the center of mass) 
from the legs’ ones

v Consider the disturbances acting both on the center of mass and on the 
swing and stance legs 
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• Novelties:
v Disturbances acting on the swing legs are explicitly addressed
v A hybrid observer is used for the center of mass, composed of two different 

kinds of observers, a momentum- and an acceleration-based
v Only directly measurable values from the IMU are employed in the hybrid 

observer

PhD thesis
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• A guide dog to help visually impaired people
v The quadrupedal robot is enabled to guide a human through a leash
v The observer is employed to retrieve information about the tension of the 

leash
v A supervisor is realized based on the interaction force measured through the 

observe

PhD thesis
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PhD thesis
• Model predictive 

control (MPC) for 
cable-driven robots
v Realize a smooth 

movement modulating the 
cables tension

v Minimize oscillations 
caused by the flexibility of 
the cables

v Reject external 
disturbances
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The floating manipulator has been developed at the Robotic System Lab, ETH 
Zurich. Considering its main characteristics, it is:

• A cable-driven robot

• Suspended at four poles

• Designed for gardening application

• An underactuated robot: 4 DoFs

PhD thesis
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PhD thesis

Without MPC Using MPC

• Novelties:
v A model predictive controller for an underconstrained cable-driven parallel 

robot
v Centroidal dynamics are employed
v A smooth movement with damped oscillations is obtained



Thank you for your attention!
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