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The Challenge
• 4 per 1000 children have Cerebral palsy, with 

up to 99% have equinus foot [2]

• Orthopaedic muscle or tendon lengthening 
surgery 

• Post-operation, CP patients undergo physical 
therapy to relearn walking

• To assess improvement the change in gait 
pattern needs to be monitored

[3]



Comfortable Sensitive to Changes Portable

Device must comfortable to walk 
in and not impede patients 

typical gait

Device must be able to 
distinguish changes in gait 

patterns

Device must be minimal, 
lightweight and easy to remove

Design Criteria



Number of sensors Costs Size

The maximum number of sensors 
that can be connect to the 

Arduino is 4.

The cost of manufacturing and 
the materials of the device must 

not surpass 400 dollars.

The size of the breadboard can be 
bulky.

Design Constraints



Our Approach
• Using 4 sensors we will measure average 

range of motion during walking and detect 
the presence of heel strike during gait

• 2 BNO055 orientation sensors measure angle 
of ankle joint

• 2 force sensitive sensors track weight 
transfer from heal to toe
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(Inside look)



Initial Prototype

Orientation 
sensors

Force
sensors



Current Prototype



Meeting Design Constraints and Criteria

Number of sensors Costs Size

We utilized 4 total sensors, 
matching the Arduinos limit.

Summing the bill of materials, we 
totalled 122 CAD.

Breadboard is placed in an 
unobtrusive area to mitigate size 

issues.

Comfortable Sensitive to Changes Portable

Adjustable nature of the device is 
to optimize user comfort.

Sensors used provide a varied 
range of data depending on gait.

Device is easy to take on and off, 
and has minimal impact on gait.



Demo



Required Inputs/Variables

• Readings from 2 BNO055 sensors at 
sampling frequency

• Readings from 2 FSRs at sampling 
frequency

• Sampling Rate: 50 Hz

• Start Button:  Determines when to 
commence collecting 1000 samples

• Pre-set calibration Angle: 10 
degrees, can be adjusted



Data Processing
Collect Sample of 
Sensor Readings

Delay 20 ms

1000 samples 
collected?

Display data in 
graph

No

Yes

• Readings from sensor will be taken and output in an 
understandable way by our algorithm

• 𝑎𝑛𝑔𝑙𝑒: Refer to next slide for formula

• Threshold for FSR: >3095 is interpreted as 0, <3095 is interpreted 
as 1

• Filter: Built in low-pass filter

Convert sensor data BNO055 
data to Euler angle

Convert FSR data to binary

Output all 3 readings 
to MATLAB



Data Processing



User 
Interface



Data Analysis
• BNO055 sensor data is used to make a plot of joint 

angle throughout gait

• FSRs determine angle that heal and toe strikes occur 
and can be overlayed on plot

• Angle measurements throughout gait can be 
exported to MATLAB for further analysis by 
physician Sample of output graph



Validation Plan
• Compare  2 distinct gait patterns to 

determine if device can distinguish  
differences

• Confirm angles measured by device 
match manually measured angles

[3,4,5]



Performance 
Test Results

• System expresses equine gait in two 
ways:

• The lack of heel strikes (force sensors)

• Higher minima of ankle angles 
(BNO055 sensors)



Results & Conclusion

Accomplished Goal Patient Oriented Next Steps

Device can distinguish 
irregularities between typical and 

equinus gait

Our device helps users to develop 
skills that will improve their 

quality of life

Develop further analysis tools, to 
identify phases of gait and 

implement Bluetooth connection



Bill of Materials
Item Cost Acquisition Cost (Tax, 

Shipping)
Source

1 ESP32-PICO-KIT V4 1 x $17.54 $2.28 Amazon
2 BNO055 sensor 2 x $29.32 $15.62 Digikey
2 Force sensing resistors 2 x $6.37 $1.51 Amazon

1 Breadboard 1 x $5.20 $0.67 Next Gen 
Guitars

20 Jumper wires 20 x $0.14 $1.35 Amazon
2 10k Ohm resistors 2 x $0.10 $0.01 Amazon
Straps $1.43 $0.19 Ali Express
3D Printing $2.33 $0.30 Amazon
Total $100.88 21.93 $122.81

https://www.amazon.ca/Development-Wireless-Module-Bluetooth-Arduino/dp/B07HG5XHLB/ref=asc_df_B07HG5XHLB/?tag=googleshopc0c-20&linkCode=df0&hvadid=335526236542&hvpos=&hvnetw=g&hvrand=1141149658546087790&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000871&hvtargid=pla-880970728247&psc=1
https://www.digikey.ca/en/products/detail/adafruit-industries-llc/4517/11684812
https://www.amazon.ca/Pressure-Precise-Force-Sensitive-Resistor-Resistance-Type/dp/B07T1CHY58/ref=asc_df_B07T1CHY58/?tag=googleshopc0c-20&linkCode=df0&hvadid=459390733136&hvpos=&hvnetw=g&hvrand=13179273538398792057&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000871&hvtargid=pla-1002375752122&psc=1
https://nextgenguitars.ca/products/breadboard-400-point-solderless-plug-in.html
https://nextgenguitars.ca/products/breadboard-400-point-solderless-plug-in.html
https://www.amazon.ca/RGBZONE-120pcs-Multicolored-Dupont-Breadboard/dp/B01M1IEUAF/ref=asc_df_B01M1IEUAF/?tag=googleshopc0c-20&linkCode=df0&hvadid=292991875355&hvpos=&hvnetw=g&hvrand=18153630631282850491&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000871&hvtargid=pla-314762810808&psc=1
https://www.amazon.ca/Projects-100EP51210K0-10k-Resistors-Pack/dp/B0185FIOTA
https://www.aliexpress.com/item/1005004402898155.html?spm=a2g0o.productlist.main.31.3808246euWvlUf&algo_pvid=ed17ac46-22c4-4cf5-b1f5-4ee8b43b4acd&aem_p4p_detail=202302280843266432702897562880001478353&algo_exp_id=ed17ac46-22c4-4cf5-b1f5-4ee8b43b4acd-15&pdp_ext_f=%7B%22sku_id%22%3A%2212000029051626162%22%7D&pdp_npi=3%40dis%21CAD%214.65%212.56%21%21%21%21%21%402102169316776026066164530d0750%2112000029051626162%21sea%21CA%210&curPageLogUid=fKkuK5ZOepl0&ad_pvid=202302280843266432702897562880001478353_16&ad_pvid=202302280843266432702897562880001478353_16
https://www.amazon.ca/AMZ3D-1-75mm-Printer-Filament-Black/dp/B01BZ5ND8O/ref=asc_df_B01BZ5ND8O/?tag=googleshopc0c-20&linkCode=df0&hvadid=292982668511&hvpos=&hvnetw=g&hvrand=11041723555878620694&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9000871&hvtargid=pla-380498731113&psc=1


Additional Costs
Item Cost

Design Studio Tools N/A
3D printer $10 x 2 hours

Computer $10 x 30 hours

Total $320
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