
BME Knee Exoskeleton
Team 102

October 2, 2024



2

Team Introductions

Aaron Gonzalez
Biomedical Engineer

Joseph Liberato
Biomedical Engineer

Arianna Escalona
Biomedical Engineer

Kyle Giddes
Mechanical Engineer

Nikolya Cadavid
Mechanical Engineer

Andrew Baumert
Biomedical Engineer

Joseph Liberato



3

Sponsors and Advisors

Engineering Mentor
Taylor Higgins

Point of Contact
& Advisor

Academic Advisor
Shayne McConomy

Professor

Academic Advisor
Stephen Hugo Arce

Professor and 
Sponsor

Joseph Liberato



Objective & Background
Joseph Liberato
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• Goal: Develop a device to enhance recovery from knee surgery.

• Target Procedures:
• Total Knee Replacements (TKR)

• Anterior cruciate ligament (ACL) reconstruction

• Medial collateral ligament (MCL) reconstruction

• Functions:
• Provides immediate mechanical assistance

• Delivers electrical stimulation (e-stim) to aid physical therapy

• Outcome: Accelerate patient recovery and improve rehabilitation 
results.
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Objective
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Project Background - Inspiration
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Project Background – Clinical Background



Project Scope
Kyle Giddes
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Kyle Giddes 9

Safe, Supervised, Speedy Post-Surgery Recovery
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Designed for (Almost) Everyone
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Convenience over Novelty
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Combining Good Ideas
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Providing Measurable Value 

Without our design

Hypothetical Recovery Time
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Providing Measurable Value 

With our design

Hypothetical Recovery Time
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Providing Measurable Value 

With our design

Without our design

Reason to use
 our design

Hypothetical Recovery Time
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Instilling Confidence



Key Goals
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Modular 
Design

Convenience
Integrated
Electrical 

Stimulation
Data Aquisition Safety



Customers

Primary Market: 

Physical Therapy Clinics
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Secondary Market: 

Post-Surgery Patients



Customer Needs
Nikolya Cadavid
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Customer Concerns
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What is most important?
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Customer Requirements IWF:

1. Biomechanically Acc. 10

2. Mechanical Rehab 9

3. Adjustability (Fitting) 7

4. Electrical Rehab 7

5. Data Acquisition 6

6. Ease of Use 5

7. Comfort/Pain reduction 4

8. Cost 3

9. Modularity (Component) 2

10. Durability 2

11. Bulkiness/Aesthetic 0



Establishing Design Inputs
Andrew Baumert
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The X10 Knee Recovery System
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Existing Solutions

Bioness L300 Go®

Checkpoint 2 



• Data Acquisition 
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Design Inputs and Function Bases
Checkpoint 2 

• Mechanical 
Assistance/Resistance

• Modularity



• Safety
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Design Inputs and Function Bases
Checkpoint 2 

• Electrical Stimulation • Comfortability



o Meet with Class TA for a Progress Check

o CAD Simple Prototype
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Additional Objectives
Checkpoint 2 



Mechanical Progress
Aaron Gonzalez
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• Assistive / Resistive features
o Adjustable Assistance

o Personalized Resistance Levels

• Passive and Active Components
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Mechanical Progress



• Frame Design
o Lightweight Material

o Adjustable Fit

• Control System for Mechanical Components
o Motor Control

• Modularity and Attachments
o Customizable Components
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Mechanical Progress
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Next Steps for Mechanical Development

Refining CAD Model

Improving Adjustability

Integrate Motors and Springs

Consider Safety Improvements



E-Stim Progress
Arianna Escalona
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E-stim Progress

• Human-Human Interface Kit 
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Parameter TENS (for pain relief) NMES (for Quadriceps 
Activation)

Pulse Frequency (Hz) Typically 50-150 Hz Typically 30-80 Hz

Intensity (Amplitude) Low to moderate High

Pulse Duration (µs) 50-100 µs 200-400 µs

Waveform

Target Nerves Sensory nerves Motor nerves 

Duration of Use Longer sessions (30-60 
minutes per session)

Shorter sessions (10-30 
minutes per session)
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Next Steps for E-Stim Development

Testing TENS Unit

Understand Circuit Design

Meet with Expert

Review FDA Guidelines

Consider Power Options



Thank you!
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