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Introduction

● How can we design a low cost, soft, wearable ankle device that is 

actuated passively by the human user’s weight to reduce human effort 
required while walking?



● Human skeletal muscle

○ Pneumatic actuators can achieve similar output

McKibben Air Muscle

Introduction — Bio-inspiration

Human Muscle

Our Pneumatic 
Actuator

https://docs.google.com/file/d/12GwE2iRPJHDmHdHKx5SU7uLJRvWgwJWN/preview


● When is a human putting in muscle effort into while walking?

Introduction — Human Muscles during Gait
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Robotic Devices (State of the Art)

Introduction — Devices Assisting in Walking

Non-Robotic Devices

ReWalk Robotics- ReStore Exosuit [3]Foot Drop AFOs

Plantar-flexion 
Assistive Exosuit [2] 

Lower Limb  
Exoskeleton [1]



● Instead of electronics/sensors, 
we propose to use a closed 
pneumatic system to identify 
gait events and turn on and off 
our pneumatic muscle
○ Apply robotics research on 

pneumatic muscles to a low 
cost device

Our Device

https://docs.google.com/file/d/1FgEZUiiErhplvZr_LraoQUM6srZIF2yD/preview


● Model our pneumatic muscle to make 

design decisions

Methods — Actuator Modeling 

~500 g

Volume Measurements

No Weight

Stiffness Characterization

https://docs.google.com/file/d/1MpgJlgdVKQjyqXgDytNG2swCm0OzFW51/preview


Methods — Reservoir Design Iterations

● Used volume 

measurements required 

for actuator to choose 
reservoir size

● Reservoir placement 

based on muscle 

activation

https://docs.google.com/file/d/1dbQJTs-0dUgdW4zUfmyh_lLvywNsFJ9O/preview


Methods — Reservoir Design Final

Parts of the Assembly Manufacturing Steps



Parts of the Assembly Manufacturing Steps



Methods — Reservoir Design Final

Outline Cut Iron Assemble

1.5 hrs of Manufacturing Time



Outline Cut Iron Assemble

1.5 hrs of Manufacturing Time



Methods — Full Assembly
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Bill of Materials

# Part Name

1 Reservoir

2 Actuator

3 Velcro Strap

4 Modified flip flop with elastic 
straps

5 Wedge spacer

6 Modified flip flop base
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Methods - Features

Cut out to fill 
reservoir 
with air (flush 
with flip flop) 

Elastic 
limit 
strap (to 
prevent 
tripping)

Actuator 
attachment to 
reservoir mimics 
flip flop 



Methods - Features

A B

C



● Setting up experiment

● Restrictions

● Device is not one size fits all

Experimental Design — Preliminary

https://docs.google.com/file/d/1_aVtJyT9A6znMWkw1O3TXUiH1lVy6YSc/preview
https://docs.google.com/file/d/1zspoUyc3bh920LGYPMBDmUCIeTHkx3YL/preview


SL

MG

TA

PL

Baseline

Passive

Active

Three 
Experimental 

Conditions

(3 min each)
Goniometer

Methods — Experimental Protocol

● Collected MVC measurements and calibrated goniometer



Baseline Walking barefoot

Results — Demo

https://docs.google.com/file/d/1uTZN1hLXcDQ9JP8KGKAZgSAS69wha2r9/preview
https://docs.google.com/file/d/1fmoUK1OuD333kd6OdCfrOELzOs_v_6pK/preview


Passive Actuator disconnected

Results — Demo

https://docs.google.com/file/d/1s51dfndhMJPW26CuGnB_D0QBnRc7ENYo/preview
https://docs.google.com/file/d/1rzrqo8cUrcgu3sDl8Z-K2AhqET_1YpL_/preview


Active Actuator connected

Results — Demo

https://docs.google.com/file/d/1FgEZUiiErhplvZr_LraoQUM6srZIF2yD/preview
https://docs.google.com/file/d/1DO2jfnBepOOgh-2MrTvKITMrjo1NVl95/preview


Results — Data Processing

● EMG and goniometer data 

filtered/scaled using filtering 

techniques found in previous gait 

studies [4]

● Analysis code identifies heel 

strike from force plate data

○ Each step can be overlapped 

to find mean response

Visualizing EMG Filtering

MVC



The actuator 

increased 

dorsiflexion 

during swing

Reservoir 

placement 

during stance 

affected gait

Results — Ankle Angle

Stance Phase Swing Phase



Results — Dorsiflexion Muscle Activation

Some 

reduction in 

effort during 

swing

Stance Phase Swing Phase



Results — Plantarflexion Muscle Activation

Stance Phase Swing Phase Stance Phase Swing Phase



Discussion — Comparing Our Results

● Effect of common AFOs: “several persons 

tried to plantarflex their ankles during 

toe-off, although they were restricted in 

this direction by the AFO” [5]

● We created a low cost pneumatic 
artificial muscle device without subjects 

carrying air compressors/motors in a 

backpack or tethered system

[4] 



● Improve design
○ Shoe design, reservoir placement

○ Material selection

● Gather data from more subjects

○ This was difficult since we made one 

sized shoe

● Directly compare to other affordable 

braces on the market

Future Work



● Viable design to assist dorsiflexion
○ Real-world application

● Create inexpensive and accessible 

prototype

● This concept could be expanded 

upon to create untethered, soft 

wearable robots

Conclusion
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Questions?



- Similar designs

- State of the art devices (quick review) 

ReWalk Robotics:
ReStore Exosuit(2)

(1)

Introduction - State of the Art
(
2
)




