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Summary 
Wearable sensors enable collection of large quantities of data 
from real-world movement, but the variety of behaviors 
recorded makes it challenging to distill generalizable 
knowledge from these data. This research develops a method 
for comparing the effects of mobility interventions on 
frequently-repeated movements in data recorded during 
everyday life. A case study compares gait kinematics from 
week-long data sets using two types of footwear.  

Introduction 
Continuous wearable movement monitoring has the potential to 
reveal the effects of health interventions on everyday mobility. 
But, it is challenging to distill the resulting “big data” into 
generalizable knowledge or clinical decisions. The major 
challenge is behavioral variability: the effects of different 
interventions can be obscured by the varying prevalence of 
different underlying activities in the recorded data set.  

But, certain subsets of a person’s movement pattern are 
frequently repeated. A person may walk the same routes from 
home to a bus stop, or from a workstation to a break room, up 
to several times per day. Movement along these common paths 
has the same location, and often the same conditions and 
purposes, each time it occurs. We hypothesize that these 
specific movement conditions are as repeatable as laboratory 
tests and can be analyzed statistically to compare movement 
changes attributable to specific mobility interventions. Here we 
describe a method for identifying, clustering and analyzing 
frequently repeated movements. We demonstrate its utility 
through real-world comparative analysis of two subtly different 
conditions: walking with athletic shoes and with sandals.  

Methods 
The method builds on techniques for outdoor and indoor 
pedestrian tracking and path reconstruction, combined with 
statistical clustering and feature recognition to identify straight-
line paths. Tracking is accomplished through pedestrian dead-
reckoning in which a foot-mounted inertial measurement unit 
(IMU) is used to reconstruct the wearer’s foot movement, and 
thereby his/her path [1]. Because this reconstruction suffers 
from inherent drift, it is stabilized using GPS signals whenever 
the wearer is outdoors. During indoor periods away from GPS, 
a Kalman Smoother corrects the path using both past and future 
outdoor GPS fixes. Additional assumptions further stabilize the 
indoor trajectory based on known types of motion, such as 
periods of no motion (sitting or standing still) and measured 
altitude changes using a barometric pressure sensor (e.g. in 
elevators). Path reconstruction can be stabilized for up to a few 
hours of indoor movement, depending on IMU quality. The 
result of this process is an estimate of the wearer’s location at 
all times throughout the recorded period.  

To compare interventions, the wearer’s path is separated into 
clusters of matching paths, such as straight-line segments in 
specific locations and directions, which are repeated multiple 
times in all conditions under test. For path clusters containing 
enough total strides, foot motion is reconstructed anew using 
only local data (no GPS updates) and cut into individual strides. 
These strides are used to compute outcomes [2] such as stride 
length, stride width, ground clearance, and any other signals 
recorded concurrently. Finally, strides are grouped according to 
different experimental interventions and compared statistically.  

Results and Discussion 

To demonstrate the method, a single subject wore an IMU+GPS 
system on one foot for two weeks: one week while wearing 
athletic shoes and one week while wearing sandals. The path 
clustering algorithm identified many repeated paths (Fig. 1), of 
which four at or near the subject’s workplace recorded over 300 
strides with each style of footwear. Analysis of Covariance 
(ANCOVA) of strides along these paths found that at matched 
speed, walking with sandals resulted in longer strides (1.47 vs 
1.42 m, P<1e-4) on all paths and increased vertical ground 
clearance (0.035 vs 0.030 m, P<1e-4) on three of four paths.  

Conclusions 
Detection of even subtle differences with high statistical power 
illustrates the value of this repeated-paths method for 
determining the effects of mobility interventions on real-world 
movement. Future work will focus on adding additional 
biomechanical sensors and applying the method to compare the 
effects of prosthetic feet and lower-limb orthoses.   
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Figure 1. Frequently repeated movement paths in a 2-week dataset. 
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