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My research focuses on design and control of wearable robotic systems and technologies using a 
human-machine systems engineering approach. Applications include rehabilitation robotics, 
neural engineering, human-computer interaction, and assistive technology like robotic prosthetics 
and exoskeletons. My clinical research focuses on assisting persons with mobility impairments due 
to aging and/or physical disabilities such as osteoarthritis, amputation, multiple sclerosis, stroke, 
Parkinson’s disease, and spinal cord injury. Other applications include human performance 
augmentation and injury prevention in emergency search and rescue, firefighting, healthcare, 
aerospace, and manufacturing. Overall, my research program leverages both computational and 
experimental methods to human-machine interaction.  
 
My computational research includes the use of system identification and medical imaging to 
design user-specific biomechanical and musculoskeletal models that physically interact with 
physics-based computer models of mechatronic systems. Predictive simulation of these integrated 
“biomechatronic” system models via forward dynamics and optimal control allow engineers to 
efficiently optimize design and control parameters prior to time-consuming and expensive physical 
prototyping. My research also includes the development of inverse optimal control and inverse 
reinforcement learning algorithms to quantify the optimization objective function during human 
movements, both with and without interacting with robotic technologies. These inverse 
simulations can provide insight into basic human neuroscience and provide bioinspired control 
policies that can be programmed into wearable robotic systems.   
 
My experimental research includes the design and use of energy-efficient actuators (i.e., series 
elastic actuators and backdriveable actuators with low impedance transmissions) that exploit the 
passive dynamics of human movement, allowing for reduced device weight and extended battery-
powered operating times. Additive manufacturing is used to design 3D-printed actuators in order 
to minimize cost and improve accessibility. My research also involves the development and use of 
inertial sensors, neural interfaces, and computer vision systems (i.e., smart glasses) for planning 
and control of mobility assistive technologies like robotic prostheses and exoskeletons, powered 
wheelchairs, and sensory feedback systems for persons with visual impairments. These wearable 
sensors can also be applied to activity monitoring and to interface with portable electronic devices 
in the general population.  
 
Using the aforementioned computer simulations and wearable sensors, my research also involves 
the development and use of deep learning networks that are lightweight and efficient for onboard 
real-time inference with mobile and embedded computing devices. In summary, my research 
program uses a multidisciplinary combination of biomedical engineering, mechatronics, and 
computer science to optimize the design and control of humans interacting with wearable robotic 
systems and technologies for movement assistance, rehabilitation, and performance 
augmentation.   


