
• Designing virtual constraint controllers for stable 3D 
quadruped locomotion (amble gait) of a simulation 
model of Vision 60

• Two prosthesis testbeds for decentralized control
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• To investigate a potentially transformative 
decentralized feedback control framework to 
robustly stabilize walking trajectories of legged 
robots

• To derive optimization algorithms that provably 
generate robust decentralized controllers for hybrid 
systems

• To investigate decentralized feedback control 
architectures for robotic quadruped locomotion

• To investigate decentralized feedback control 
architectures for robotic prosthetic legs by human 
amputees subjects

Goals and Objectives

Multi-Domain Hybrid Models of Locomotion

Robust Stabilization

• - and         -optimal control problems on the Poincaré
section

Iterative BMI Algorithm for 
Tuning Decentralized Controllers

We develop an effective numerical algorithm based on a
sequence of iterative and offline optimization problems
involving Bilinear Matrix Inequalities (BMIs) to overcome
specific difficulties arising from the lack of closed-form
expression for the Poincaré map, high dimensionality, and
underactuation in tuning the parameters of decentralized
feedback controllers.

Cooperative Hybrid Subsystems

Proposed Decentralized Control

• The local feedback controllers are parameterized and 
general nonlinear feedback laws which have access to 
their own local measurements (i.e., local states)       as 
well as a subset of external measurable global variables

• In order to coordinate the action of local controllers, 
we make use of a common phasing variable           that 
is measurable for all subsystems       for                               

Results

• Designing decentralized virtual constraints and local I-O 
feedback linearizing controllers for stable walking of 
amputee locomotion with a transpelvic prosthetic leg

• No expensive force sensor and no high-gain controller 
for dealing with nonlinear interactions

• 45% improvement in the and         norms

• Sensitivity Analysis

• BMI Optimization

• Iteration

Steps of the BMI Algorithm
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Vision 60 (Ghost Robotics)

Gen 1 UTD Leg
Highly geared for 
position control

Gen 2 UTD Leg
Quasi-direct drive 
for torque control
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