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Our recent studies have found that as humans and animals 
move, they minimize mechanical cost of transport. 
Mechanical cost of transport is the total work needed to 
move a unit of mass over one unit of distance. Many 
current prosthetics and robotic devices use passive, or 
proportional integral derivative (PID) control systems for 
motion control. These current methods are not well 
developed to help make the user more comfortable walking 
and to reduce the potential for further injury.

The use of collision control, reducing CoTmech, for 
prosthetic and robotic applications to make a more energy-
efficient, natural gait. We designed four ‘foot’ models to 
compare the dynamics: Cushioned, Human Proportion, 
Double-Human Proportion, and Toddler Prosthetic. We 
used SOLIDWORKS motion analysis and MATLAB to 
compare the feet and determined that  the Double-Human 
Proportion was the best option, reducing CoTmech by 81% 
compared to the current feet, the Cushioned feet, on the 
robot.

Abstract

This project aims to determine which foot model is best for 
this application, with the overall goal of creating a model 
that uses collision control. From these results we can use 
this control strategy in new prosthetics and other robots to 
increase energy efficiency, provide comfort to the wearer, 
and decrease injury.

Purpose

• Simulated all foot models using SOLIDWORKS Motion 
Analysis

• Calculated collision dynamics by writing a MATLAB 
script

• Compared to other walking robots and real-life data

Methods 

Robot Specifications

Mass 8.8 kg
Radius/ Leg 
Length

0.25 m

• Mechanical cost of transport (CoTmech) is the total work needed to move a unit 
of  mass over one stride length

• The overall Collision angle is equal to the total mechanical cost of transport
• Energy required for movement is minimized by keeping force and velocity 
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Collison Dynamic Theory

Results
Foot Model Length (m) Width (m) CoTmech

Real Human Foot 0.072 0.026 0.07
1. Cushioned 0.059 0.11 0.90
2. Human Proportion 0.072 0.026 0.87
3. Double-Human 
Proportion

0.164 0.11 0.17

4. Toddler Prosthetic 0.165 0.102 0.51

• The model with the Double-Human Proportion foot that 
is slightly larger than the average human foot is the best 
of the tested options

• When testing feet that were smaller or similar size to the 
expected size of a human foot for this robots “leg length” 
or radius had a 95% larger CoTmech compared to the 
average CoTmech of a human walking

• The best foot, Double-Human Proportion, has a flat 
surface like the bottom of a foot and the curved edges 
like the heel and toe of a foot this shape proves to help 
the robot walk most similarly to a human walking

• It has been proven that as a foot length gets longer the 
CoTmech approaches zero therefore our results are valid

• Using this application of Collison control in actuated 
prosthetics will help to reduce wearer discomfort and 
increases energy efficiency  

Discussions

• Physical testing with the actual robot to compare to the 
simulation results

• Adding a spring to the front of the robot to act as the 
force from toes

• Adding rubber or foam material to the current plastic foot 
to reduce initial collision force
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