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Abstract

This study aimed to establish the concurrent validity and agreement of the K-power
(KINVENT Biomecanique, Montpellier, France) hybrid sensor system that combines Ultra-
Wideband and Inertial Measurement Unit measures against criterion timing gates for
recording 20-m sprint performance in adolescent athletes. Fifteen trained adolescent
track and field sprinters (age: 15.2 &+ 2.4 years) performed two maximal 20-m sprints.
Sprint times were simultaneously recorded using timing gates and the K-power sensor.
Validity and agreement were assessed using paired-samples t-tests, Intraclass Correlation
Coefficients (ICCs), Coefficient of Variation (CV), and Bland—-Altman analysis. Sensitivity
was determined by comparing the Typical Error (TE) to the Smallest Worthwhile Change
(SWCQ). No significant systematic bias was observed between the devices (p > 0.05). The K-
power sensor demonstrated excellent absolute agreement (ICC = 0.96, [95% CI = 0.94-0.98)
and a low relative error (CV = 1.07%). The device displayed high sensitivity, with a TE
(0.034 s) smaller than SWC (0.040 s). In conclusion, the K-power sensor is a valid and
reliable instrument for measuring 20-m sprint times, being a practical alternative to timing
gates. While the system is sensitive (TE < SWC), the Minimal Detectable Change of 0.094
s likely reflects the inherent biological variability of adolescent mechanics; thus, coaches
should view changes exceeding 0.09 s as meaningful for individual athletes.

Keywords: Ultra-Wideband technology; inertial measurement unit; reliability; validity;
kinematics; biomechanical analysis; track and field; athletics; adolescence; sprint

1. Introduction

Sprint performance is a fundamental determinant of success in a wide range of athletic
disciplines, ranging from track and field to team sports such as soccer, rugby, and basketball.
Consequently, the accurate monitoring of sprint, acceleration, and maximal velocity capa-
bilities is a primary concern for strength and conditioning coaches and sports scientists [1].
Reliable data is essential not only for profiling athletes and monitoring training adaptations
but also for quantifying return-to-play readiness following injury [2].

In laboratory settings, optoelectronic systems or densely spaced photocell arrays serve
as the absolute reference methods for kinematic velocity profiling. However, in applied
field settings where such equipment is logistically impractical, practitioners typically rely
on electronic timing gates and radar or laser guns as the practical criterion standard [3].
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While these field-based methods are widely accepted, they possess inherent limitations;
for instance, handheld radar and laser devices are subject to potential measurement errors
related to the cosine effect (angle dependency), signal filtering, and proprietary manufac-
turer algorithms. However, it is important to note that these field-based methods detect
‘kinematic’ onset (visible displacement) rather than the ‘kinetic’ onset (force application)
measured in laboratories [4]. This constitutes a distinct measurement onset difference
between variables (reaction time vs. movement time) rather than a measurement error,
yet it complicates comparisons between field and laboratory data. While electronic timing
gates and radar systems provide high validity and reliability, they present distinct logistical
limitations. Timing gates are often expensive, time-consuming to set up, and limited to
measuring average velocity between specific fixed points rather than continuous motion.
Similarly, radar and laser devices require strict line-of-sight protocols and typically allow
for the assessment of only one athlete at a time, reducing the efficiency of testing large
squads [5].

To address these constraints, practitioners have increasingly turned to wearable tech-
nologies, such as Global Navigation Satellite Systems (GPS) and microsensors [6,7]. While
modern 10-18 Hz GPS units combined with accelerometers have shown acceptable validity
for linear sprints beyond 15 m, they may still face challenges in capturing the rapid, micro-
changes in velocity that occur during the initial start phases of short sprints compared to
higher-frequency local positioning or inertial systems [8,9].

The assessment of sprint time over short distances is particularly critical for adolescent
populations, since sprinting velocity is developed differently compared to adults [10].
Research indicates that the duration of the acceleration phase in youth is highly variable and
influenced by factors such as biological age, sex, growth rate, and training status [11-14].
While some studies suggest that prepubescent athletes may achieve a velocity plateau
over shorter distances, trained adolescents often continue to accelerate beyond 30 or
40 m [10]. Consequently, the assessment of sprint time over 20 m specifically targets the
initial acceleration capabilities, acknowledging that this distance may not capture the
maximal velocity phase in adolescent trained sprinters [15,16]. However, simply recording
the total sprint duration is insufficient for profiling young athletes. Keskinis et al. recently
demonstrated that children can achieve identical total sprint times (e.g., over 15 m) while
exhibiting significantly different temporal strategies—some reaching maximum velocity
early, while others are still accelerating [17].

To eventually detect these subtle temporal differences, coaches and practitioners
require valid instrumentation capable of capturing high-resolution data. However, before
the internal temporal strategies (e.g., phase transitions) of a new device can be trusted,
its fundamental ability to record the total duration of the effort against a criterion must
be established. Therefore, the purpose of this study was to determine the concurrent
validity and agreement of the K-power hybrid sensor system compared to timing gates for
measuring the total 20-m sprint time, serving as a primary validation step for its use in
adolescent track and field athletes.

2. Materials and Methods
2.1. Design of the Study

To establish the comparative validity and agreement of 20 m sprint times and peak
velocity derived from the K-power sensor, a group of trained young athletes was recruited.
The K-power sensor was compared against gold-standard criterion measures (infrared
timing gates) during a single testing session. Participants completed two 20 m sprints,
separated by 5 min of rest. Ethical approval was granted by the Institutional Research
Ethics Committee (Approval Number: 268/2025).
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2.2. Participants

Fifteen adolescent track and field athletes (age: 15.15 &= 2.40 years; height: 165.49 + 10.37 cm;
body mass: 65.13 £ 6.67 kg) provided written parental consent before participation. In-
clusion criteria were: (1) aged 14-18 years; (2) trained athletes currently performing three
or more training sessions per week that included resistance exercise and sprint-specific
exercises; and (3) the absence of injury for at least three months prior to testing. The athletes
were instructed not to perform any strenuous lower-body activity for a 72-h period before
the tests. Any non-lower-body exercise completed within this period was recorded in an
activity diary and replicated before any subsequent sessions.

2.3. Experimental Procedures

Participants attended two sessions: (1) a familiarization session to practice the sprint
protocol and determine preferred starting stance, and (2) the experimental testing session.
All testing was performed outdoors on a track and field stadium. Before the sprint tests,
the participants executed a standardized warm-up comprising dynamic stretching and
progressively faster runs (1 x 70% and 2 x 90% of maximal effort, separated by 2-3 min)
according to their usual practice.

All sprints were completed wearing spikes. Sprint performance was recorded using
timing gates (WITTY System, Microgate, Bolzano, Italy) as the criterion system. The gates
were positioned at approximately hip height (~100 cm from the surface of the track) and
were adjusted at the height of the participants’ pelvis [18] at the starting line (0 m) and the
20 m mark.

Simultaneously, data were collected using the K-power system (KINVENT Biome-
canique, Montpellier, France). The K-Power system is a wearable wireless motion-tracking
device designed for sports performance and rehabilitation assessment. It combines Ultra-
Wideband (UWB) ranging and nine-degree-of-freedom inertial sensing (9-DoF inertial
measurement unit—IMU) to provide high-precision kinematic measurements of distance,
velocity, acceleration, angular velocity, and orientation during dynamic tasks such as squats,
jumps, sprints, shuttle runs, and gait analysis. K-Power operates within a hybrid sensing
framework in which the IMU delivers high-frequency motion information, while the UWB
subsystem provides absolute distance references relative to one or more fixed anchors. The
system communicates with several UWB anchors in real time and continuously evaluates
the ranging quality to automatically select the most stable measurement path. A dedicated
signal-processing pipeline filters raw UWB data, removes transient outliers, and rejects
multipath or interference-affected readings to ensure consistent ranging accuracy even
under fast motion or indoor reflections. All motion data are transmitted via low-energy
Bluetooth to the KINVENT v.2.22.0 (KINVENT Biomecanique, Montpellier, France) mobile
application. The software utilizes a proprietary sensor fusion algorithm with an output
frequency of 200 Hz. This algorithm integrates the high-frequency inertial data (IMU) to
fill the temporal gaps between the lower-frequency UWB position updates, providing a
reconstructed velocity profile. This algorithm integrates the short-term dynamic resolution
of the IMU with the long-term spatial stability of UWB ranging through an adaptive fu-
sion framework, maintaining both responsiveness and drift-free position estimation. The
K-Power device can operate both indoors and outdoors.

The system set-up consists of 2 sensors, one fixed on the athlete’s lower back and an
anchor sensor placed on a stable tripod (90 cm high) 3 m behind the start line. The K-power
sensor was fixated on the lumbar area using a specialized belt that provided a snug fit on
the body. Participants assumed their preferred 2-point (split-stance) crouch 50 cm behind
the 0-m timing gate. After sensor confirmation, participants self-initiated each maximal
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trial. Two maximal trials were performed, with an interval of 3 min. The data acquired for
the analysis were:

e  Criterion Time: Timing for the 0-20 m sprint was initiated by the athlete’s torso
breaking the first timing gate (0 m) and concluded upon breaking the second gate
(20 m);

e K-power Time: The K-power sensor recorded the full sprint, and the corresponding
0-20 m split time was extracted from the raw data from its software for a direct
comparison. The start criterion for the K-power system was set at a velocity threshold
of 0.2 m/s and a covered distance of 0.5 m. This threshold was selected to filter
low-frequency signal noise and pre-start sway inherent to IMU data, ensuring that the
recording triggered only upon the initiation of distinct forward locomotion.

2.4. Statistical Analysis

The validity and agreement of the K-power sensor were compared against the gold-
standard criterion measures (timing gates) using RStudio (v4.3.1), with an a level of 0.05.

At first, the mean absolute error (MAE) was calculated as the absolute difference
between the Criterion Time and the K-power Time. Then, the systematic bias was assessed
using a paired-samples ¢-test to determine the mean difference between devices. Relative
agreement was quantified using a two-way mixed-effects Intraclass Correlation Coefficient
(ICC) for absolute agreement, with values interpreted as: >0.90 (excellent), 0.75-0.90 (good),
0.50-0.74 (moderate), and <0.50 (poor) [19]. The linear relationship was assessed using
Pearson’s correlation coefficient (r), while overall concordance was measured with the
Concordance Correlation Coefficient (CCC). Absolute agreement was visualized using
Bland-Altman plots to establish the 95% Limits of Agreement (LoA).

Proportional bias was tested by regressing the absolute differences against the means
of the paired measurements. Error quantification was performed using several metrics.
The Typical Error (TE) was calculated (TE = SDdiff//2) to quantify the standard error
between the two devices. The Standard Error of Measurement (SEM) was calculated from
the criterion measure to assess precision. From the SEM, the Minimal Detectable Change
at the 95% confidence level (MDC95) was also calculated (MDC95 = SEM x 1.96 x +/2)
to determine the smallest change required to be 95% confident that the change is real and
not due to random error. Relative absolute error was quantified using the Coefficient
of Variation (CV), calculated as the TE expressed as a percentage of the criterion group
mean [CV = (TE/mean of timing-gates) x 100]. The CV was interpreted as: <5% (good),
5-10% (moderate), and >10% (poor). For practical context, the Smallest Worthwhile Change
(SWC) was calculated as 0.2x the between-subject standard deviation of the criterion
measure. In the absence of a specific physiological performance anchor for this cohort,
this distribution-based method was selected to represent the smallest standardized effect
size (Cohen’s d = 0.2) that would imply a shift in an athlete’s rank relative to the group
population [20]. To quantify the magnitude of differences between the measurement
systems, Effect Sizes (Cohen’s d) were calculated for the paired comparisons. These were
interpreted in accordance with specific guidelines for rehabilitation and sports research as:
trivial (<0.2), small (0.2-0.6), moderate (0.6-1.2), large (1.2-2.0), and very large (>2.0) [21].
Additionally, 95% Confidence Intervals (95% CI) were reported for all point estimates to
provide a measure of the precision of the statistical findings [22].

3. Results

Agreement thresholds for 20 m sprint time were set at CV < 10% and ICC > 0.85. No
significant systematic bias was observed between the two devices (#(29) = 1.127, p > 0.05).
The magnitude of the difference was considered small (Cohen’s d = 0.21; 95% CI [—-0.0081,
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0.027]). Absolute agreement was excellent, with an ICC of 0.96 (95% CI: 0.94, 0.98) and a
CV of 1.07% (Figure 1).
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Figure 1. Bland—Altman with limits of agreement (left panel) and the line for smallest worthwhile
change (SWC) and correlation for 20-m sprint times (right panel); LoA: limits of agreement; CCC: con-
cordance correlation coefficient (1,5 = 30).

The MAE metrics were all small (MAE = 0.038 s; TE = 0.034 s; SEM = 0.034 s). The
instrument demonstrated excellent sensitivity, as TE (0.034 s) was smaller than the SWC
(=0.0402 s). However, MDC95 was found to be 0.094 s. This indicates that while the
instrument’s TE is low enough to detect meaningful changes, a change of at least 0.094 s
would be required to be 95% confident that a change observed in a single athlete is real.

4. Discussion

The primary aim of this study was to assess the concurrent validity and agreement
of the K-power hybrid sensor system against gold-standard timing gates during short-
distance sprinting (20-m dash) in adolescent athletes. The main finding of this investigation
is that the K-power sensor demonstrates excellent agreement and negligible systematic
bias for measuring sprint duration. Consequently, it can be considered a valid practical
alternative to electronic timing gates for field-based monitoring of linear speed.

The analysis of the 20-m sprint times revealed a very high level of relative agreement
between the K-power sensor and the criterion timing gates. The ICC was found to be
0.96, that indicates strong rank-order consistency. Evidence for absolute validity is instead
provided by the Bland—Altman analysis and the small effect size of the bias. Furthermore,
the CV of 1.07% indicates a low relative error magnitude, falling well within the strict
threshold of <5% often cited as a benchmark for acceptable precision in sports performance
technology [20]. While CV is primarily a reliability metric, in this context it confirms that the
random error between the systems is proportionally small relative to the sprint duration.

Crucially, the paired samples ¢-test was used specifically to screen for systematic
fixed bias between the devices. The analysis indicated no significant mean difference
(p > 0.05). While this lack of statistical significance does not confirm method equivalence on
its own, when viewed alongside the narrow Bland—Altman Limits of Agreement (Figure 1),
it suggests that the K-power system does not introduce a substantial fixed error relative to
the timing gates. This is a significant finding, as wearable devices (particularly GPS) often
display systematic errors during high-intensity accelerations due to sampling rates that are
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insufficient for capturing rapid changes in velocity [9,23]. The absence of bias suggests that
the hybrid UWB/IMU technology used in the K-power system successfully mitigates these
sampling limitations over short distances, providing data that is essentially interchangeable
with timing gates for group mean comparisons [24,25]. However, it is important to note that
this agreement in total time (average velocity) does not inherently validate the continuous
velocity profile or the system’s ability to resolve intra-sprint sampling issues. Verifying
the quality of the velocity reconstruction requires future validation against continuous
reference methods (e.g., laser or optoelectronic systems).

When assessing the utility of a device for performance monitoring, it is vital to dis-
tinguish between the device’s typical error and its ability to detect meaningful changes in
performance [26]. The TE observed in this study was 0.034 s. This value is lower than the
calculated SWC of 0.040 s. This relationship found between them (TE < SWC) indicates
that the K-power system possesses “good” sensitivity. In a practical setting, this means
that the K-power sensor is sufficiently precise to detect performance improvements that
would be considered practically meaningful for this cohort of athletes. However, it is ac-
knowledged that this SWC threshold is statistical in nature; whether a 0.04 s improvement
translates to a specific physiological adaptation or competitive advantage requires further
context-specific validation.

The sensitivity of the K-power system (TE = 0.034 s) must be interpreted against the
specific temporal demands of youth sprinting. Keskinis et al. utilized a time difference
threshold of just 0.01 s between 5-m splits to distinguish between sprint phases [17]. While
this threshold specifically applies to split granularity, it serves as a rigorous benchmark for
the precision required in sprint diagnostics. The fact that the K-power system demonstrated
a TE of only 0.034 s for the entire 20-m duration suggests that the accumulated measurement
error is minimal. Although this total error is naturally higher than the single-split threshold,
its proximity in magnitude indicates that the system possesses the stability required for
effective field-based monitoring, even if it does not yet claim the millisecond-level resolution
of laboratory photocells for phase transitions. As noted by Keskinis et al. [17], traditional
photocells are limited in their ability to pinpoint the exact temporal transition between
sprint phases, and wearable devices like the one validated here—or similar novel systems
integrating optical gates with IMUs [27]— theoretically may offer a more practical solution
for monitoring these specific velocity progression patterns in real-time [24]. Furthermore,
recent advances in IMU data analysis provide reliable gait event detection information
that can support athletes monitoring [28], not only for velocity profiling, but also for the
progression of the step kinematic parameters. Nevertheless, it is important to distinguish
that, while the current study confirms the system’s validity for total sprint duration, its
potential for identifying continuous phase transitions represents an inherent advantage of
the technology type rather than a variable validated in this specific protocol.

Furthermore, existing literature indicates that sprint performance in adolescents is
mechanistically characterized by prolonged contact times and braking phases compared
to adults [29]. Given this unique biomechanical profile, establishing the validity of the
total sprint duration provided by the K-power system serves as an essential foundational
step for the longitudinal monitoring of this cohort. However, practitioners must interpret
individual changes with caution. The MDC95 was calculated at 0.094 s. While this value
is substantially higher than the SWC, it is imperative to acknowledge that this threshold
is heavily influenced by the performance variance inherent to the developmental cohort
examined. It is acknowledged that this threshold might be too high for elite adult sprinters,
where performance gains are often much smaller. Nevertheless, it is suggested that, in
elite adult sprinters, this threshold might be lower due to increased homogeneity in such
populations [30]. To clarify this, further research is required examining elite sprinters.
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Research indicates that running mechanics in youth athletes are often characterized
by greater variability compared to adults, with developing athletes exhibiting higher
step-by-step inconsistency due to ongoing neuromuscular maturation and coordination
refinement [17,31]. This elevated ‘biological noise’ naturally inflates the standard deviation
of the group and, by extension, the derived MDC. Consequently, the threshold of 0.094 s
likely reflects the instability of adolescent motor performance rather than solely sensor
precision. It is plausible that testing experienced sprinters, who possess more stable force
application and kinematic patterns [32], would yield a lower MDC, further validating
the system’s precision for elite populations. However, it must be acknowledged that
elite cohorts often exhibit reduced between-subject variance (homogeneity); this statistical
characteristic may paradoxically lower the ICC values even if absolute measurement
precision remains high.

From a practical standpoint, the K-power system offers distinct logistical advantages
over traditional timing gates. Timing gates require time-intensive set-up, precise align-
ment of tripods, and are vulnerable to environmental factors such as wind or accidental
disruption by athletes [3]. Furthermore, single-beam timing gates are susceptible to false
triggering by an athlete’s limbs (e.g., a swinging arm) rather than the torso, which has been
shown to introduce measurement errors in up to 32% of trials [33]. A set-up combining
time-gates and a motion start sensor fixed at the leg did not reliably detect meaningful
changes in sprint performance over a 20-m distance since SWC was less than the TE [34]. In
contrast, the K-power sensor, fixed to the lower back, tracks the movement of the athlete’s
center of mass, potentially offering a more consistent representation of the start of the
sprint. The K-power system, utilizing a single anchor and a wearable sensor, allows for a
more streamlined workflow, particularly when testing larger squads. The data suggests
that strength and conditioning coaches can utilize this system to measure short sprint
performance in adolescent athletes provided they are aware of the MDC thresholds when
analyzing individual progress.

While the results are promising, this study is not without limitations. First, the
sample size consisted of 15 adolescent athletes; future research should examine elite adult
populations where the margins of performance improvement (SWC) are even smaller.
Second, this study only validated linear sprinting over 20 m. The accuracy of the system
during longer sprints (e.g., 40 m or flying sprints) or multidirectional movements remain to
be established in future research. Finally, while the K-power sensor showed no bias, strictly
adhering to the manufacturer’s placement protocols (lower back firm fixation) is essential,
as sensor movement artifacts could influence IMU data integrity.

5. Conclusions

In conclusion, the K-power hybrid sensor provides valid and reliable measures of
20-m sprint performance in trained young athletes. With an ICC of 0.96 and a TE lower
than the SWC, it serves as an effective field-based tool for monitoring speed development.
However, practitioners should note an MDC95 of 0.094 s when interpreting individual
performance changes. Future investigations should aim to extend these findings to elite
adult populations and explore the system’s utility in multidirectional agility tasks. Such
advancements are necessary to determine the broader utility of the system. Currently, the
data supports the K-power system specifically as a valid practical alternative for recording
20-m sprint times in youth track and field athletes.
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Abbreviations

The following abbreviations are used in this manuscript:

CCC Concordance correlation coefficient
Ccv Coefficient of variation

GPS Global navigation satellite systems
ICC Intraclass correlation coefficient
IMU Inertial measurement unit

LoA Limits of agreement

MDC95 Minimal detectable change at the 95% confidence level
SD Standard deviation

SEM Standard error of measurement
SWC Smallest worthwhile change

TE Typical error

UWB Ultra-wideband
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