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NeuroCIMT project #7
• Stroke subjects

• develop and evaluate an on-body sensing system 
• Remote monitoring of motor function - lower extremities 
• Activities of daily life
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Existing Technology

5van Meulen et al, 2016

• Stability during walking
• Healthy – Positive DSM
• Lower BBS - Negative DSM
• Information about compensatory mechanisms
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Disadvantages of ForceShoes

• Heavy
• Conspicuous
• Possible Discomfort
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Alternative - Pressure Insoles

• Lightweight, Inconspicuous
• 1D Plantar pressure

7

• Existing Technology 
• Alternative - Pressure Insoles
• Experimental Study 
• Results
• Reflection
• Further Steps



Gaps?

• Require 3D Forces/Moments 
• XCoM and DSM

• 1D Pressure information from Pressure Insole
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Regression Modelling?



Experimental Study
• 10 Subjects wore ForceShoes™ along with 

Pressure Insole
• 10 m Straight line walking
• Preferred Walking speed
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Modeling 3D forces and moments from 
plantar pressure

Rouhani et al, 2010 10
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Extrapolated Center of Mass (XCoM)
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Dynamic Stability Margin
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Dynamic Stability Margin

Predicted Stability Total 
SamplesStable Unstable

Actual 
Stability

Stable 14797 140 14937
Unstable 139 2831 2970

Derivative Value
Sensitivity (Unstable) 0.95
Specificity (Stable) 0.99
Accuracy 0.98



Reflection

• Possible method to replace ForceShoes™
• Lightweight alternative
• High degree of correlation, Low RMS of differences
• High accuracy
• Speed dependent
• Machine Learning?
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Further Steps

• Generic Model
• Sensor Reduction
• Standalone Pressure Sensing System

• Pressure Sensors, IMU, Ultrasound
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THANK YOU
Questions?



22

• Existing Technology 
• Alternative - Pressure Insoles
• Experimental Study 
• Results
• Reflection
• Further Steps

Dynamic Stability Margin



Stable/Unstable?

Predicted Stability Total 
SamplesStable Unstable

Actual 
Stability

Stable 14797 140 14937
Unstable 139 2831 2970

23

• Existing Technology 
• Alternative - Pressure Insoles
• Experimental Study 
• Results
• Reflection
• Further Steps



Derivatives of Confusion Matrix
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Derivative Definition Value
True Positive (TP) True Instability 2831
True Negative (TN) True Stability 14797
False Positive (FP) False Instability 140
False Negative (FN) False Stability 139
All Positives (P) Total Instabilities 2970
All Negative (N) Total Stabilities 14937
Sensitivity TP/P 0.95
Specificity TN/N 0.99
Precision TP/(TP+FP) 0.95
Negative Predictive Value TN/(TN + FN) 0.99
Fall Out FP/N 0.01
False Discovery Rate FP/(TP + FP) 0.05
Accuracy (TP + TN)/(TP + FP + FN + TN) 0.98
F1 2TP/(2TP + FP + FN) 0.95
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Derivative Value
Sensitivity (Unstable) 0.95
Specificity (Stable) 0.99
Accuracy 0.98



Experimental Study
• 10 Subjects wore ForceShoes™ along with 

Pressure Insole
• Medilogic System (RRD)
• ~150 Resistive Sensors

• Shoe size 44
• Average Weight:  76 ± 6 kg, Height: 1.77 ± 0.05 m, 

Age = 25 ± 2 years.
• 10 m Straight line walking
• Preferred Walking speed
• Sampled at 50 Hz
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