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Objective Idealized State

Infrequent Feedback Expensive SessionsNo Improvement in 
Walking Gait

Current State

Ethical Considerations

Over 700,000 Americans are 
affected by CP

Most 
frequent 
cause of 
motor 

disability in 
children

Causes 
complex & 
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us motor 
disorders 

causing gait 
deviations  

Approach A: Stretch Strain Sensor Approach B: Linear Taper Potentiometer

Measure Vpp to indicate knee angle

Vpp= 281mVVpp= 362mV

Knit conductive silver fabric
Silicone dielectric

Fabrication

Results

Step 1: Attach wires 
using iron-on decal

Step 2: Ecoflex™ silicone is mixed 
1A:1B by weight and cured on a 
hot plate in a 3D printed mold 

made for reproducibility 

Step 3: Use thin layer of uncured silicone to 
attach the conductive fabric on each side of 

the rubber silicone. Cut sensor to size.  

Unstretched Stretched

Potentiometer system provides a more precise 
knee flexion angle measurement despite being  a 
simpler design

Concept

Results

Custom made PLA arm

Hollow shaft linear 
taper potentiometer
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Normal Development 

➢ Sleeker design for a more comfortable device
➢ Paired with step sensor 
➢ Adjustability for a wider age range and broader 

applications 

Conclusion

Future Work

Modeled Cerebral Palsy
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Develop a wearable device that will allow patients to 
acquire feedback in real-time while they complete 
exercises and in their everyday life in order to allow 
them to make significant progress in correcting their 

walking gait and ultimately increase their 
independence and quality of life

Time (seconds)

Cerebral PalsyNormal Gait

0                                  5                                  10                                15
Time (seconds)

0                                 5                                   10                                  15

Model a parallel plate capacitor using 
conductive fabric & cured silicone dielectric

Calculate voltage drop of the sensor 
during stretch

Cerebral Palsy is the most frequent cause of 
motor disability in children and causes complex & 

heterogeneous gait deviations.  

Existing treatment methods include frequent 
physical therapist sessions that are time 

consuming and expensive. 

 
We aim to develop an at-home and affordable gait 
monitoring system that enables patients to make 
significant improvements and thus increase their 

independence and quality of life.

When flexion is 0o
 
 the recorded voltage 

will equal the baseline voltage

Normalized (%)

       Cerebral palsy gait before surgery
       Cerebral palsy gait post surgery
       Age-matched control
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1. Patient-Physician Relationship
2. Children safety/FDA regulated
3. Comfort/ 
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The potentiometer system provides a more precise 
knee flexion angle measurement and enables 

real-time feedback and classification of gait cycles

Sleeker design to improve comfort of device

Pair device with step sensor for a more detailed analysis of gait

Adjustability for wider age range and broader applications
Calibrate potentiometer to get precise angle

Use a linear taper potentiometer 
system to calculate knee flexion angle

Record each gait cycle and observe if 
patient can hit 0o flexion with every step

→ 29% relative change
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Average max: 55.9°

Average min: 5.7° 

Cycles performed 
correctly: 33.3%

Automatic cycle 
detection and 
classification

START

Fixed potentiometer 

Arm rotates with knee CAD rendering of box which will 
house all electrical components

Circuit diagram of the strain 
sensor design.

Circuit diagram of the 
potentiometer design.

Extension Flexion 

9V LiPo
Battery

Potentiometer

Bluetooth 
Module

Arduino receives 
analog signal from 

potentiometer

Analog signal 
converted to 

corresponding angle

User Interface 
displays real-time 
knee flexion data

Physician-patient 
relationship

Comfort of deviceChild safety Affordable to all 
patients

Strain Sensor

10k Resistor

9V LiPo
Battery

Bluetooth 
Module
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Motivation

Graphical User Interface 

Plastic Housing

LiPo Battery

Arduino Uno

Bluetooth Module

MicroSD Storage

Convert analog signal to the 
corresponding angle 
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