
q Abstract
• Dynamics of human and animal walking has been studied for centuries.
• Recent studies have shown that animals and humans minimize mechanical energy.[1]
• We aim to replicate these dynamics in robots, prosthetics, and machines to minimize energy

consumption and smooth the dynamics for comfort, robustness, and longevity.
• For this research, we propose and analyze

four foot shapes: circular foot, advanced
foot, actuated advanced foot, and
advanced foot with 12 feet.

• We aim to determine which foot model best
minimizes the mechanical cost of transport.

• Of the four foot shapes, we found that the
actuated advanced foot model most effectively
minimizes the mechanical cost of transport.

Figure 2. Dynamic Control Platform [4]
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Figure 5: Foot 2 – Advanced foot Figure 7: Foot 4 – Advanced foot - 12

Figure 4: Foot 1 – Circular foot Figure 6: Foot 3 – Actuated advanced foot

q Discussion:
• Feet 3 and 4 (the actuated and 12-foot Advanced models) performed best, with CoTmech values 45% and 

33% smaller, respectively, than the circular model (Foot 1). 

• These results confirm our hypotheses that orthogonality between force and velocity can be better 
maintained by:
o Increasing the number of feet.
o Actuating the foot, as is done by the ankle in humans and animals.
o Modeling the heel/toe configuration of human feet.

• The Advanced foot model with actuation (Foot 3) approaches the low CoTmech of human walking: 0.13 
for Foot 3 versus 0.1 for human walking.

• The Advanced foot model with actuation (Foot 3) used a simple actuation scheme of rotating the ankle 
at a constant speed. We propose that a more advanced actuation profile will more closely approach 
human walking CoTmech.
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q Conclusions & Future Work
Conclusions:
• We modeled two types of feet (ball and heel/toe models) and four configurations.
• Our study showed that the Advanced (heel/toe) foot model with an actuated ankle minimized 

mechanical cost of transport and approached the CoTmech of humans, which agrees with our hypothesis 
of decreased cost with ankle actuation and more human-like foot shapes.

Future work:
• Create a heel/toe model with the same proportions as humans compared to the leg (i.e., radius of the 

Dynamic Control Platform).
• Analyze effects of parameter variations of feet: heel/toe length, elasticity, curvature, etc.
• Vary actuation profiles of ankles.
• Compare actuated with non-actuated versions across models.

Figure 1. Vertical oscillations of the center of mass during a walking stride [3]

q Results

q Foot Models
• Foot models (1-4) are shown in Figures 4-7.
• Foot 1 is a ball (circular) model of the foot, and the other feet model the heel/toe of human feet.
• The circular shape of Foot 1 (Figure 4) models the existing ball-like feet on the Dynamic Control Platform 

(see Figure 2).  
• The Advanced foot model designs, Feet 2-4 (Figures 5-7), all model the heel/toe foot of humans but vary 

in their actuation (only Foot 3 is actuated) and number of feet; Foot 4 has 12 feet whereas the other 
models only have six.

q Introduction
• Common prosthetic and robotic devices use 

passive, PID (proportional, integral, derivative), or 
other methods for controlling their motion.

• Existing methods are inefficient, uncomfortable, or 
even cause further injury.

• We modeled the Dynamic Control Platform that 
performs step-to-step transitions from one foot to 
the next.

• The Platform has 6 feet (shown in red/black in 
Figure 2).

q Purpose of Research
• We aim to model the Dynamic Walking Platform to determine which foot models and control 

profiles minimize the mechanical cost of transport.
• The results are compared to human walking dynamics.
• This research is important because this control strategy can be implemented in prosthetics and 

robots to increase energy efficiency, comfort, and regular use and decrease injury. 

q Methods
• We simulated our models using Working Model 2D.
• The Platform weighs 9kg (19.8 lbs.) and was implemented in simulation.
• Force and velocity vectors were collected every 1 millisecond.
• Collision dynamics theory states that energy is minimized by keeping force and velocity vectors as

nearly perpendicular as possible throughout the stride.
• Stride is calculated by analyzing a full cycle of vertical oscillation (see Figure 1).
• We measured the instantaneous and overall stride collision angles, which measure the deviation of

force and velocity vectors from perpendicular.
• The stride collision angle is equal to the mechanical cost of transport (CoTmech), which is the cost of

moving a unit body weight a unit distance in the direction of travel. [2]
• We developed Python code to calculate instantaneous and overall collision angles for each stride.

Instantaneous collision angle:   𝜙 = arcsin !"#
! #

Overall collision angle:    Φ = CoTmech =
∑ ! # %
∑ ! #

= ∑ !"#
&#!'(

Author: Ana Maria Smith | anasmith@unlv.nevada.edu
Faculty Mentor: Dr. Sarah Harris

Department of Electrical and Computer Engineering, University of Nevada Las Vegas

Modeling Human Walking Dynamics

REU: SMART CITIES
#1950872

Figure 3. Force and velocity vector configurations [2]

Figure 9. Non-actuated prosthetic foot model [5]
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Figure 10. Actuated prosthetic foot model [6]

q Prosthetic Application
• The images below show some examples of prosthetic application of actuated feet.
• Figure 9 shows a passive foot-ankle prosthetic, and Figure 10 is an actuated foot-ankle prosthetic.
• The algorithms and models we developed in this study aim to improve the performance and reduce 

the energetic cost of actuated foot-ankle prosthetics.

Table 1. Improvement of CoTmech compared to Foot 1

Figure 8. CoTmech of four foot designs

• Figure 8 shows the average stride collision angle 
(Φ) for each foot model across 2-3 full strides of 
the Dynamic Control Platform.

• Φ is equal to CoTmech.
• The red line indicates average CoTmech for humans 

when walking. 

• Table 1 shows the percentage improvement in 
CoTmech of  the proposed foot models compared to 
the circular foot (Foot 1).


