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Background

Sensory     
Feedback

Integration of FINE 
system with a single 
DOF myoelectric 
prosthesis allows 
subjects to “feel”

Phase 2: in-home 
trials launched

Traditional Prosthesis

Widespread 
dissatisfaction among 
users due to lack of 
fine motor control and 
psychosocial 
repercussions

FINE

Flat Interface Nerve 
Electrodes (FINE) 
implanted on 
median nerves 

Successfully 
production of 
natural tactile 
sensation without 
paresthesia 



Problem Space

Sensory Feedback 
Prosthesis System
The primary research team 
has developed a device and 
method to provide amputees 
with sensory restoration and 
motor control

Desire for Biomimetic 
Prosthetic Control
Current velocity-based 
prosthetics cannot properly 
emulate human muscle 
contraction (force-based).

Transition to In-Home 
Trials
Transition to testing 
functionality for everyday 
use.
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Force-Based 
Controller

Problem Statement: Velocity based commercially available myoelectric prostheses are not 
controlled in the same manner as an intact musculature system and cannot be used as a fully 
accurate comparison for motor control functionality of these systems.



Needs Assessment: Patient 

● Comfortable with no extra adjustments needed for the socket
○ Easily adapted to the patient’s already customized socket

● Adjustable for different patients 
○ Brand/type of prosthetic 
○ Amputation type 
○ Muscle capabilities 

● Ease of Use
○ Minimal learning curve

● Easily donned and doffed
○ Electrode placement and wearable components should be as broad and simple as possible 
○ The user should be able to apply and remove the system by themselves

● Psychological Effect
○ Consider psychological effects of using a removable device



Needs Assessment: Patient 

● Wearable
○ Processor either in sleeve above the prosthesis or incorporated into the prosthesis itself 
○ Must be tolerable weight for daily use

● Safety
○ Must be designed and built according to quality standards to ensure there are no safety hazards 

from the mechanical or electrical components
○ Must integrate ability to turn off in emergency situations 

● Cost-Effective
○ Components used should be cost-effective to create an inexpensive and easily accessed 

solution for all users



Needs Assessment: Clinician/Researchers 

● Easy access for parameter manipulation 
○ If the design requires manual manipulation of electrode setting given amputation or 

manipulation of muscle activity parameters, a user friendly interface should be created.
● Speed of EMG to prosthesis actuation 

○ Should optimize the translation of a captured EMG signal to corresponding prosthesis posture 
to provide accurate modeling of an intact hand

●  Motor control testing functionality
○ Easy integration into lab testing environment with common motor control experiments

● Software and Design Documentation 
○ Research Auditing 
○ Data and results from the clinical experiments being run can be published 

● Clinical Trial Regulations
○ Data output and patient regulations must be considered since device is to be used in clinical 

trial setting 



Needs Assessment: System

● Durable 
○ Daily use will require durability in different environmental conditions and during general activity

● Integration
○ Must integrate seamlessly with implanted neuromodulated sensory feedback system in users
○ Should minimize noise interference with implanted neuromodulated sensory feedback system 

and other devices
● Scalable

○ Solution should be applicable to any commercial OttoBock myoelectric prosthesis with minimal 
modification required

● Biomimetic
○ Natural hand-posturing created by overriding required velocity-based prosthetic inputs 



Project Approach

EMG

● Develop adapter that 
converts EMG signals from 
surface electrodes to 
commands

● Incorporate new algorithm

Force

● Convert velocity-based 
prosthetic controller into a 
force-based system

● Better mimic natural hand 
posture, motion, and 
function

● Directly relate the 
amplitude of muscle 
contraction to the position 
of the hand

Integration

● Analog signal translation 
interfaced with existing 
prosthetic equipment 

● Adaptable across 
prosthesis types and 
brands 



Literature/Subject Review 

● Myoelectric Prosthesis 
○ A general understanding of the system we are going to be adding to 

and manipulating, current practices regarding its use, and 
ground-breaking additions to the system 

○ Potential Contacts 
■ Dr. Goldfarb 
■ Dr. Withrow 

● Hand Posturing 
○ Natural muscle activation and its relationship to normal hand 

posturing in relaxed and activated modes need to be identified
○ Experimental Process Identification 

● Control Systems 
○ Understanding the relationship between algorithm development and 

functional instrumentation as it relates to prosthesis development 
● Patent Search 

○ Searched approximately 300 patents to identify related material and 
the current design space  and avoid infringement in those areas



Project/Design Timeline

Gant Chart 

Meeting schedule ect 

(Fill space) 

● Experimenter Specialization 

● Adaptation 

● Approval 



Initial Design/Brainstorming 

External EMG 
Surface Electrodes 

EMG 
Microcontroller 

Integration 
Platform (Arduino)

Power Source 

Digital to Analog 
Conversion (DAC)

Internal Prosthetic 
Reaction and 

Actuation 

Natural Muscle 
Activity  

 Corresponding 
Hand Posturing

Raw 
Signal Intent 

Interpretation 
(Algorithm)

Filtered 
Signal 

Voltage  

Prosthesis  
Signal  



Hardware Brainstorming
Options for Microcontrollers

● Arduino 
○ Ease of Software  and EMG 

controller integration 
● Arduino MKR1000

○ Small Size 
○ WiFi connectivity for easy access 

to internal code 
○ Built in rechargeable energy 

source  

● Compact with limited interference 
from  implanted electrodes 

● Myoware Muscle Sensor 
○ Easily integrated into arduino 

platform 
○ Compact with only one extended 

electrode 
○ Common for this function 

Options for EMG Controllers 



Intent Interpretation- Algorithm

Finite State Machine 
(Current)

Pattern Recognition
(Future)

No Muscle Activation
V = 0

Desired Closed Hand 
Posture

No Muscle Activation
V = 0

Relaxed C Hand 
Posture

No Muscle Activation
V = 0

Desired Open Hand 
Posture

No Muscle Activation
V = 0

Relaxed C Hand 
Posture

Muscle Group 1
Active Motor Drive

Muscle Group 2
Active Motor Drive

Muscle Group 2
Active Motor Drive

Muscle Group 1
Active Motor
Drive

Relaxed C Hand Posture
Maintained Muscle Activation

Regression 
Algorithm

Relaxed C Hand Posture
Maintained Muscle Activation

Dynamic 
Opening

Dynamic 
Closing



Where We Are and Where We Are Going 

Design Day

Communicate

Ensure 
System is 
Functional, 
Safe, 
Scalable, and 
Meets 
Expectation

Modify and 
Improve Design

Integrate 
System 
Components

Make and Test 
Model

Needs 
Assessment

Patient, 
Clinicians/
Researchers, 
System

EMG 
Interfacing,
Intent 
Interpretation,
Hardware 
Interfacing

Generate/Evaluate 
Possible Solutions

Velocity-based 
prostheses not 
controlled in 
same manner 
as intact control 
system

Define the 
Problem

Literature Review, 
Timeline, 
Hardware 
Collection, 
Non-Functional 
Prototype



What Questions Do You 
Have?
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