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Abstract
Race walking has attracted increasing attention in Japan due to the
success of Japanese athletes in international competitions such as
the World Athletics Championships. However, race walking has
unique rules, including Loss of Contact (LC), which make it diffi-
cult for beginners to acquire correct walking form. In addition, the
number of instructors capable of providing appropriate coaching
is limited. Therefore, an approach that supports form acquisition
in environments without instructors is required. In this study, we
propose an LC detection approach that uses wearable inertial sen-
sors on both shoe insteps and the waist (lower back) to support
race walking form acquisition. In our preliminary evaluation using
data collected from two participants, the proposed method distin-
guished normal race walking from intentionally induced LC with
approximately 98% accuracy and a macro-averaged F1-score of 98%.

CCS Concepts
• Human-centered computing→ Ubiquitous and mobile comput-
ing systems and tools; Ubiquitous and mobile devices.
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1 Introduction
Race walking is a track and field event officially included in the
Olympic Games. In recent years, it has attracted increasing at-
tention in Japan due to the success of Japanese athletes and the
establishment of world records. On the other hand, race walking
faces several challenges, including concerns about the fairness of
judging due to the difficulty of its rules and the risk of foul calls, as
well as a shortage of judges and instructors capable of coaching it.

Race walking has two unique and important rules: (1) at least
one foot of the athlete must remain in contact with the ground
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Figure 1: Research overview

at all times, and (2) the advancing leg must remain straight from
the moment of ground contact until it reaches the vertical posi-
tion [6]. Athletes are required to walk a specified distance while
continuously complying with these rules. However, rule violations
are generally judged through visual observation by referees. In 20
km race walking events, competitions may last longer than one
hour, making it difficult for referees to maintain concentration for
extended periods of time. In addition, due to the small number
of race walking participants, there are only a limited number of
instructors with sufficient knowledge and experience to properly
teach these rules to beginners. This shortage of instructors is also
one of the challenges facing race walking.

In recent years, many studies have investigated sports motion
analysis using wearable sensors and cameras, and rule violation
detection methods for race walking using inertial sensors, cameras,
and other sensors have also been proposed [1, 7–12]. In addition,
prior biomechanical studies have examined differences between
experienced and novice race walkers, speed-dependent kinematic
factors, judges’ ability to identify legal and non-legal techniques,
and ground-reaction-force characteristics of world-class athletes [2–
4, 13]. However, methods requiring sensors attached to the body
or external cameras still face several challenges, including limita-
tions in wearability and measurement environments, as well as
potential effects on athletic performance. Therefore, a method ca-
pable of stable sensing while minimizing interference with athletes’
movements and sensations during competition is required.

Against this background, this study aims to support race walking
beginners in acquiring proper form in environments without in-
structors. In our previous study, we proposed a Loss of Contact (LC)
detection method using shoe-mounted sensors [5]. In this method,
a distance sensor as well as acceleration and gyroscope sensors
were attached to the heel of the shoe. However, feature importance
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Figure 2: Components of the proposed sensor device

analysis revealed that the contribution of distance data was low,
and that the distance data frequently contained unstable values. In
addition, our previous method had issues regarding the stability
and wearability of the heel-mounted fixture.

To address these issues, this study redesigns the sensing con-
figuration by removing the distance sensor and relying solely on
wearable inertial sensors. We also changed the sensor placement
from the heel to the instep and introduced an additional waist (lower
back) sensor to capture body motion associated with race walking
form. In addition, we design a custom sensor fixture that integrates
the sensor into a compact module, enabling easy attachment to
the shoe instep while improving fixation stability during walking.
Using sensor data collected from both insteps and the waist, we
construct an LC detection model and evaluate its performance in a
preliminary study with two participants. The results show that the
proposed method can classify normal race walking and LC with
98% accuracy and a macro-averaged F1-score of 98%.

2 Proposed Method
Building on our previous study [5], we redesign the sensor con-
figuration and attachment positions to improve wearability and
measurement stability. We then construct an LC detection model
using the collected sensor data and evaluate its effectiveness.

2.1 Sensor Configuration
Our previous method employed a shoe-mounted device that in-
corporated a distance sensor in addition to accelerometers and
gyroscopes. However, feature importance analysis showed that
distance-derived features contributed only marginally to classifi-
cation performance. Moreover, the distance measurements were
often missing or unstable, which could compromise the robustness
of the method. Therefore, in this study, we redesigned the sensing
configuration to rely solely on accelerometers and gyroscopes.

Figure 2 shows the components of the proposed wearable sensor
device. We used a MetaMotionS1 sensor, which measures accelera-
tion and angular velocity. To improve attachment stability during
walking, we designed a custom sensor fixture and fabricated it us-
ing a 3D printer. A silicone insert molded to the shape of the sensor
was placed inside the fixture to securely hold the sensor and reduce
displacement during movement.

1https://mbientlab.com/metamotions/

Figure 3: Sensor assembly process
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Figure 4: Sensor devices attached to the shoes and the waist

To assemble each instep-mounted unit, the two fixture compo-
nents were connected with cords, and the MetaMotionS sensor
was held between them. This structure integrated the sensor and
fixture into a compact module (Figure 3). The completed module
was then attached to the instep of the shoe using hook-and-loop
fasteners, allowing it to be easily mounted while keeping the sensor
stable during walking (Figure 4a). We attached these modules to
both the right and left insteps. In addition to foot motion, race
walking involves characteristic movements of the pelvis and trunk
as athletes maintain continuous ground contact and comply with
race walking rules. We therefore hypothesized that body motion
around the waist would provide complementary information for
LC detection beyond the information captured by the foot-mounted
sensors. Based on this hypothesis, a third sensor was mounted at
the center of the participant’s lower back. The waist sensor was
fixed using hook-and-loop fasteners and a clip (Figure 4b).

2.2 Feature Extraction and Model Training
We performed feature extraction using tsfresh2, a Python library
for automated time-series feature extraction. Acceleration and an-
gular velocity data obtained from the sensors mounted on the right
instep, left instep, and waist were synchronized by timestamp and
integrated into a single multivariate time-series representation. The

2https://tsfresh.com/
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