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CellulARSkin

- Ensured that user was in the correct position 
  and was ready for movement
- Capable of detecting pressure, distance, 
  sensor orientation, and temperature
- Connection fault tolerance

- Hydraulic transmission with DC
  motors
- 15 Degrees of freedom
- Leaves user's hands free
- Automatic trajectory correction
- Equipped with gyroscopes, 
  strain gauges, force-torque
  sensors, and pressure sensors
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Control FlowComponents Exoskeleton Kinematics

The Exoskeleton

- Eight patients were trained for about 600 hours with this control scheme.
- The system was demonstrated at the 2014 FIFA World Cup by having a paralyzed individual deliver 
the opening kick.
- This was the first BMI demonstration in a large public setting.

- We designed a robotic exoskeleton to restore locomotion in patients with complete spinal cord  injuries.
- EEG and EMG were used as inputs for discrete state control.
- The user dictates high level state transitions while the exoskeleton performs low level control of movement 
and ensures stability and safety.

Controls Computer

- Receives EEG and EMG biosignals
- Interprets biosignals as state transitions
- Provides visual and tactile feedback
- Monitors user interaction with exoskeleton

EMG

- Muscle contractions used to pause EEG classifier
  and confirm pending state transitions

Tactile Sleeves

- Foot contact or swing phase
- Illusion projected onto arms to give subjects a more realistic 
  walking experience
- Removable hardware for easy cleaning and repair of vibrators

Brain Products V-Amp

- Aggregates signals from 16 EEG channels and 2 EMG channels
- Records at 2000 Hz

EEG Cap

- Non-invasive recording technique used for brain control
- EEG layout enables maximal discernment between left
  and right motor imagery

Custom LED Display

- Mounted to the helmet of the user
- Primary mode of communication
  between user and exoskeleton
- Displays simplified representation
  of EEG classifier
- Adjustable positioning to ensure that
  lights are placed in a location that
  does not interfere with the user's field
  of view

Protection

- Custom-designed helmet insert to
  protect from injury from heavy 
  impact on head

Introduction

Height: 184 cm
Weight: 80 kg

Subject Height Range: 165-180 cm
Max Subject Weight: 80 kg
Max Speed: 1 step/s
Max Speed Tested with Subjects: 1 step/3 s

Conclusion

Using our control scheme, a total of eight participants 
with spinal cord injury were able to brain-control the 
exokseleton to walk, stop, and kick without the need of 
an external operator.  

Our results indicate that BMI-based control of an 
exoskeleton can become a feasible assistive or 
rehabilitative tool for patients with SCI. By using this 
training paradigm, we we able to prepare all 
participants for use of the exoskeleton in a real world 
setting.

- Roughly 130,000 new spinal cord injuries (SCI) occur each year 
(ICCP 2014).
- SCI increases a person's risk towards secondary medical 
complications, clinical depression, and becomes an obstacle in 
socioeconomic participation.
- SCI increases the risk of premature death by a factor of 2 to 5, and 
even more in developing countries (WHO 2014).
- Conventional treatment of SCI is still limited to physical therapy.
- Brain-machine interfaces (BMIs) challenge the existing methods of 
rehabilitation.
- BMIs extract motor commands from functional brain areas and send 
them directly to actuators that execute the desired movements.
- The Walk Again Project is an international research collaboration 
locomotion to people affected by SCI.
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