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Stride Metrics
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Individual Foot Trajectory Estimation

▪ Integrate foot-mounted IMU data to estimate position
▪ Subject to integration drift error
▪ Can eliminate integration drift by employing zero-velocity updates (ZUPTs)

▪ ZUPT-based Foot Trajectory Estimation
▪ Each time foot is on the ground, assume it reaches zero velocity
▪ Use this assumption to correct for integration drift each stride
▪ Demonstrated good accuracy for individual stride metrics (~2% error in 

total distance travelled) [1]

4

[1] Ojeda and Borenstein, J. Nav., 2007.



▪ No way for right and left foot IMUs to know where each other are
▪ Use range measurement to fuse individual foot trajectory estimates
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Models

𝜇 = 𝑥𝑅 , 𝑦𝑅, 𝜃𝑅, 𝑥𝐿, 𝑦𝐿, 𝜃𝐿
𝑇

𝜇𝑡 = 𝜇𝑡−1 +

∆𝑥𝑅 cos 𝜃𝑅 + ∆𝜃𝑅 − ∆𝑦𝑅sin(𝜃𝑅 + ∆𝜃𝑅)

∆𝑦𝑅 cos 𝜃𝑅 + ∆𝜃𝑅 + ∆𝑥𝑅sin(𝜃𝑅 + ∆𝜃𝑅)
∆𝜃𝑅

∆𝑥𝐿 cos 𝜃𝐿 + ∆𝜃𝐿 − ∆𝑦𝐿sin(𝜃𝐿 + ∆𝜃𝐿)

∆𝑦𝐿 cos 𝜃𝐿 + ∆𝜃𝐿 + ∆𝑥𝐿sin(𝜃𝐿 + ∆𝜃𝐿)
∆𝜃𝐿

Action Model Measurement Model

𝑧 =
(𝑥𝑅 − 𝑥𝐿)sin𝜃𝐿 − (𝑦𝑅−𝑦𝐿)cos 𝜃𝐿
𝑥𝑅 − 𝑥𝐿 cos𝜃𝐿 + (𝑦𝑅−𝑦𝐿)sin𝜃𝐿

State Control

𝑢 = ∆𝑥𝑅, ∆𝑦𝑅, ∆𝜃𝑅, ∆𝑥𝐿, ∆𝑦𝐿, ∆𝜃𝐿
𝑇
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Control Input

▪ Raw outputs of ZUPT 
algorithms must be modified to 
implement in EKF
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𝑿𝑾

𝒀𝑾

𝜽𝒕

𝑢 = ∆𝑥𝑅, ∆𝑦𝑅, ∆𝜃𝑅, ∆𝑥𝐿, ∆𝑦𝐿 , ∆𝜃𝐿
𝑇



Measurement Model
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𝑧 =
𝑑
𝑟

=
(𝑥𝑅 − 𝑥𝐿)sin𝜃𝐿 − (𝑦𝑅−𝑦𝐿)cos 𝜃𝐿
𝑥𝑅 − 𝑥𝐿 cos𝜃𝐿 + (𝑦𝑅−𝑦𝐿)sin𝜃𝐿



Experimental Setup

▪ Ultrasonic sensor to obtain 
instantaneous distance 
between two feet (hooked up 
to Arduino)

▪ IMU to measure human 
kinematics

▪ Walked ~50m down hallway 
with consistent stride width

Ultrasonic sensor
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IMU
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Results



Results
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EKF converges over time

Mean: 0.27 m
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Upcoming Work

▪ Longer walking trial to demonstrate good long-term accuracy after 
convergence

▪ Test performance with turning
▪ Look into ways to improve initial estimates for faster convergence
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Thank You
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