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ABSTRACT

This study established the magnitude of systematic bias and random error of horizontal force-velocity (F-
v) profile variables obtained from a 1080 Sprint compared to that obtained from a Stalker ATS Il radar
device. Twenty high-school athletes from an American football training group completed a 30 m sprint
while the two devices simultaneously measured velocity-time data. The velocity-time data were modelled
by an exponential equation fitting process and then used to calculate individual F-v profiles and related
variables (theoretical maximum velocity, theoretical maximum horizontal force, slope of the linear F-v
profile, peak power, time constant tau, and horizontal maximal velocity). The devices were compared by
determining the systematic bias and the 95% limits of agreement (random error) for all variables, both of
which were expressed as percentages of the mean radar value. All bias values were within 6.32%, with
the 1080 Sprint reporting higher values for tau, horizontal maximal velocity, and theoretical maximum
velocity. Random error was lowest for velocity-based variables but exceeded 7% for all others, with slope
of the F-v profile being greatest at + 12.3%. These results provide practitioners with the information
necessary to determine if the agreement between the devices and the magnitude of random error is

acceptable within the context of their specific application.
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INTRODUCTION

Sprint running is an important athletic ability for field-based sport play, athletics events, and even some
winter sports (e.g. bobsledding). When working to improve speed during athlete training, coaches and
sport scientists can use technology to monitor training volume?, provide feedback®, regulate training
session loading parameters®, gather performance insights'®, and record mechanical capabilities®.
However, coaches and sport scientists should understand the accuracy and limitations of the devices they
choose to use. In doing so, they can better understand the diagnostic value of the technology and

determine how different devices can be used interchangeably to provide comparable information.

Spatio-temporal measurement of athlete sprint running performance is frequently used by coaches and
sport scientists used to determine the horizontal force-velocity (F-v) relationship during sprint running.
192022 A Stalker ATS radar device (Applied Concepts, Dallas, TX, USA), which can be used to record
velocity-time data during sprint running at 46.875 Hz, is often the technology of choice to calculate the
horizontal F-v relationship ?* and has been used in research with sprint 8, rugby "4, and soccer 2 athletes.
The intraday reliability>?? and validity of the technology to measure velocity® and split times'®'” have

been previously confirmed.

A 1080 Sprint device (1080 Motion, Liding®, Sweden) is another piece of technology that has become
available for commercial use and can measure an athlete’s velocity-time curve during sprint running. The
1080 Sprint features a servo motor attached to a spooled cable that can be used with the accompanying
software as a robotic resistance or towing device. The system uses an optical encoder that is attached to
the motor axis to measure the speed of the cable movement which is recorded by the accompanying
software at a sampling rate of 333 Hz. It is assumed that the speed of cable can be used as a surrogate
measure for athlete velocity during linear sprint running since the cable is attached to the athlete with a
waist harness. The manufacturer reports the velocity and distance measurement accuracy to be + 0.5%
and £ 5 mm, respectively.? However, these measurements were taken under controlled laboratory

conditions which differs from how the cable moves during use with athletes. The measurement accuracy
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of the 1080 Sprint compared to a radar device (Stalker Pro 1) has been assessed during 30 m sprints with
highly trained sprinters.?® However, minimal information was reported regarding the methodological
approach, statistical analysis, and findings. The coefficients of variation were reported as 5.11% for 0-10
m time, 4.32% for 10-20 m time, and 1.51% for 20-30 m time but no information was provided
regarding the between-device measurement bias and variation values, the device measurement mean and
standard deviation values, or other derived metrics such as those used in force-velocity profiling.?® Thus,
minimal information is currently available regarding the measurement accuracy of the 1080 Sprint,

particularly for use in force-velocity profiling.

Considering the recent research interest in the 1080 Sprint as a training tool 8112152125 and measurement
device ° and given its increasing use by coaches and sport scientists, it seems prudent to establish the
agreement between data calculated from the 1080 Sprint and an alternative technology already widely
used in practice, a radar device. More specifically, it is of interest to understand if measures collected with
one device can be compared to measures collected by the other device in situations where athletes may
train in facilities which have different devices or in a facility which has both devices. Similarly, it is
important to understand how to evaluate data reported in research from the different devices. The findings
of this study would provide researchers, coaches, and sport scientists with the necessary information to
determine if the agreement between the devices is acceptable within the context of their specific
application and, thus, potentially allow for interchangeable use between devices. Therefore, the purpose
of this study was to establish the magnitude of systematic bias and random error of horizontal F-v profile
variables obtained from 1080 Sprint to those obtained from a widely used radar device (i.e. Stalker ATS

I1) during a 30 m sprint run.
MATERIALS AND METHODS

Twenty athletes volunteered to participate in this study (mean + standard deviation; age: 16.5 + 0.51
years, stature: 180 + 6.73 cm, body mass: 71.2 + 8.11 kg). The athletes were all members of the same

high-school American football training group. Inclusion criteria required athletes to be currently training
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and categorised as a position player other than an offensive or defensive lineman. Athletes were excluded
if they were under the age of 16, had a current or previous injury that may be further aggravated by
participating in the study, or did not pass the Physical Activity Readiness Questionnaire. All study
procedures were approved by the host University Institutional Review Board. Participants provided

written informed consent and parental assent before participating in the study.

Procedures

The testing session started with a warm-up protocol that mimicked the athletes’ usual practice session
preparation, which included time for a self-directed warm-up routine and coach-directed running drills.
Following the warm-up, each athlete completed two maximal effort 30 m sprints. Given the aims of the
study, the second trial was used for analysis so that only one trial from any given individual was included
in the dataset, and the first trial was stored in the event a technological glitch or operator error rendered
the second trial unusable. The sprints were performed from a two-point, split stance position. Athletes
were instructed to remain still prior to initiating the forward movement of the sprint start and were
allowed to go when they felt ready. Two devices were simultaneously used to measure athlete velocity, a
Stalker ATS Il radar device and a 1080 Sprint motorised resistance device. The radar device (Stalker ATS
11, Applied Concepts, Dallas, TX, USA) was positioned 5 m directly behind the starting line at a height of
1 m to approximate the athletes’ centre of mass location. STATS software (Version 5.0.2.1, Stalker ATS
I1, Applied Concepts, Dallas, TX, USA) was used to collect the radar data at 46.875 Hz. The cable of the
1080 Sprint was attached to the athlete with a waist harness and the device was placed on the floor 1.5 m
behind the starting line. A diagram of the experimental set-up is provided as Figure 1. Per manufacturer
recommendations, all trials were completed with the 1080 Sprint in Isotonic mode. The minimum load
setting of 1 kg was utilised, necessary for the device to function and thought to be required to maintain
tension on the cable. Quantum software (1080 Motion, Liding6, Sweden) was used to collect the 1080

Sprint data at 333 Hz.
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The raw velocity-time data was exported from both software programmes. A custom-made MATLAB
script (MATLAB R2019b, The MathWorks, Inc., Natick, Massachusetts, USA) was used to calculate
individual linear F-v profiles by first fitting the velocity-time data up to the estimated 30 m end-of-sprint
with an exponential equation following the method presented in Morin et al. 2° This included the use of
the time shift correction which ignored all velocity data lower than 1.5 m/s and extended the model fit
backwards to estimate the instant of movement onset for all sprint trials. Following, outlier samples were
identified by a residual function to remove all data points >+ 2 x standard deviation of the residual (i.e.
approximately 5% of the data points) and the final exponential equation was fit to these data after a single
iteration of outlier removal. From this final exponential fit, time constant tau and horizontal maximal
velocity (Vumax) Were obtained, and then the variables of theoretical maximum velocity (Vo); theoretical
maximum horizontal force (Fo), peak power (Pmax), and slope of the F-v profile (Sev; expressed relatively

to body mass) were computed following the method previously proposed and validated. 2022
[Figure 1 here]
Statistical Analysis

Means and standard deviations were calculated to represent the centrality and spread of the calculated
variables. The variables calculated from the 1080 Sprint velocity-time data were compared to the
variables calculated from the radar by determining the bias (mean measurement difference between the
devices, 1080 Sprint — Radar) and random error (1.96 x standard deviation of the differences between the
devices), and the 95% limits of agreement.* To standardise the comparison of the bias and random error
values between the different variables of interest, the bias and random error values were also expressed as
a percentage of the mean radar value, thus, setting the radar values as reference for comparison purposes.
Considering that the random error calculation only represents the maximum random error likely observed
in 95% of cases, the corresponding typical error of estimate was also calculated as standard deviation of
the differences between the devices and expressed as a percentage of the mean radar value. Further,

graphical representation with Bland-Altman plots were used to show the measurement difference between
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the devices for each sample with the 95% limits of agreement against the mean of the two measurement
devices. To provide a visual standardisation between the different variables for the Bland-Altman plots,
both bounds of the y-axis were set to whichever of + 15% of the mean radar measure had a greater

absolute magnitude.
RESULTS

The velocity-time data from the 1080 Sprint was unable to be modelled by the exponential function
within the known time domain of the recorded sprint for five athletes. This was identified by the modelled
velocity starting to increase from 0 m/s at a time instant which occurred clearly before there had been any
movement in the raw data, i.e. the exponential model identified movement onset to occur before any
movement had occurred based on the raw data signal. Figure 2 provides an example of one of these
athletes’ sprint trial where the exponential modelled velocity (dashed line) starts to increase from 0 m/s
before a time which was known to be prior to any movement based on the raw 1080 Sprint data. These
trials were therefore removed from all analyses resulting in 15 remaining athletes. The exponential
modelling of the velocity-time data was fitted with an average R? = 0.97 and all R? > 0.96 for the radar-

derived data and an average R? = 0.97 and all R? > 0.91 for the 1080 Sprint-derived data.

Mean and standard deviation of the variables calculated are presented in Table 1 along with the bias and
random error values. The Bland-Altman plots are displayed in Figure 3. A positive bias, indicating a
higher measurement by the 1080 Sprint, was found for tau, Vumax, and Vo. For Pmay, the bias measurement
resulted in a value of 0.00 W/kg, however, the corresponding random error value (x 0.94 W/kg)
represented a range of £ 7.09% of the mean Pmax value measured by the radar. Further, the random error
was largest for tau, Fo, and Sg, representing + 9.98%, + 9.41%, and + 12.3% (respectively) of the mean
value measures by the radar. These random error values corresponded to a typical error of estimate of
5.09%, 4.80%, and 6.30% for the tau, Fo, and Sgy measures, respectively. FOr Vumax, Vo, and Pmax, the

typical error of estimate values were 1.29%, 1.49%, and 3.62%, respectively. The velocity-time data
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simultaneously recorded for one athlete’s sprint trial along with the corresponding exponential model can

be found in Figure 4.
[Figure 2 here]
[Table 1 here]
[Figure 3 here]
[Figure 4 here]
DISCUSSION

This study established the magnitude of systematic bias and random error between horizontal F-v profile
variables obtained from a 1080 Sprint to that obtained from a radar during a 30 m sprint run. The
calculation of systematic bias for the horizontal F-v profile variables resulted in positive bias (indicating a
higher measurement by the 1080 Sprint than the radar device) for tau, Vumax, and Vo. All bias values were
within a 6.32% difference between the devices. The largest relative magnitudes of random error measured

between the two devices were found for tau (£ 9.98%) and Sgy (+ 12.3%).

While some lack of agreement is generally expected when quantifying performance measures from
different measurement methods, careful consideration of the amount by which the methods differ is
important for practical interpretation.* When a systematic bias is present, practitioners can utilise the bias
value as a standardised offset between the measurement methods. For example, in this study, the 1080
Sprint produced lower mean Fo values resulting in a bias of —0.14 N/kg. Moving forward, practitioners
could systematically increase the Fo values measured by the 1080 Sprint by 0.14 N/kg to correspond to
the value that would be recorded by the radar for this athlete population. However, practitioners should
not simply proceed with this approach without considering the magnitude of random error present to give
insight into the range in which most differences between the two devices will lie. For example, for the

Pmax results in this study, although a systematic bias of <0.01 W/kg was identified, the random error value
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(= 0.94 W/kq) represented a range of + 7.09% of the mean Pnax radar value. Therefore, although the
devices would on average yield comparable Pmax values across a number of trials, any two trials could be
over 14% different if they occurred at the opposing limits of the random error, and practitioners should be

are of this in the context of their specific application.

The horizontal F-v relationship is useful for gaining insight into the sprinter’s mechanical effectiveness
during sprint running but is reliant on a macroscopic model of the centre of mass velocity. ?? In this study,
25% of the sprint trials captured by the 1080 Sprint device were unable to be modelled with the
exponential equation fitting process. Simple visual inspection (post-analysis) of the raw velocity data
recorded by the 1080 Sprint appears to show-an unusually rapid increase in velocity very early in the trial
(see Figure 2 as an example) for some athletes. It is possible that the velocity data recorded by the 1080
Sprint for some athletes does not well match their true centre of mass velocity during this initial portion
of the sprint, and this likely led to the onset of the sprint being modelled to occur at an unrealistic instant
for five of the athletes in this current study owing to the simple nature of the model fitting process. Given
the nature of the 1080 Sprint, this may have been exacerbated by any preparatory movement of the torso
prior to the final forward initiation of the sprint, particularly given the relatively inexperienced nature of
the athletes tested. A similar limitation in accurately tracking centre of mass motion during the initial
steps has been previously reported with velocity estimates from a laser-based device 3, and this would
theoretically also be the case for the radar, but neither are reliant on the attachment of, and tension within,
a cable. On the 1080 Sprint machine a cable load setting is required for machine operation. In this study,
the lowest load setting (1 kg) was used to reduce restriction of the athletes’ maximal performance and in
an attempt to record true maximal performance values. However, with this load setting, slack is easily
developed in the line and this could be an additional contributing factor to any error between the
measured velocity values and the true velocity of the athlete’s movement. A greater load setting would
increase the tension between the athlete and the machine to reduce excessive motion of the cable. But it is

unknown how a higher load setting could hamper maximal performance resulting in a different F-v
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profile calculation and limiting the comparison to measures from different devices. Finally, whilst the
additional 1 kg load was not accounted for in the data processing undertaken in this study and this may
have resulted in a slight underestimation of horizontal force production, this would have been consistent
across both of the compared devices due to the simultaneous nature of data collection with both devices.
However, researchers should account for this in future studies if comparing 1080 Sprint measures to those
obtained from other measurement methods (e.g. gold standard force plate measures) and when sprinting

unloaded.

The accuracy of the F-v profiling computation is dependent on successful identification of movement
onset. 2 It is important to note that in this study we systematically removed questionable data around
movement onset by use of a velocity-based threshold and the model fit was extended backwards to
identify movement onset for all sprint trials. This permitted a consistent application of the modelling
approach for both the radar and 1080 Sprint data. Thus, the findings of this study are applicable when a
similar approach is utilised. Any perceived limitations of the 1080 Sprint presented here should not be
viewed as an overarching reflection of the viability of the machine use in general. Rather, this information
is a cautionary note of the potential use and application of the data recorded and processed under the
conditions described here (i.e. testing of non-sprint specialist, developmental athletes, some of whose
two-point start techniques may have led to difficulties in the measurement of accurate initial velocity data
from the 1080 Sprint device). Future research should endeavour to identify other processing approaches
for F-v profiling with the 1080 Sprint velocity data that are successful for all trials, as well as ensuring

that the start techniques of athletes are carefully monitored and controlled.

IMPLICATIONS

The data presented in this study provide practitioners with the level of systematic bias and measurement
error present when using the above-described approach to F-v profiling with velocity data recorded from
a 1080 Sprint and Stalker ATS Il radar. Individual decisions should be made on whether the potential for

error is acceptable within the intended application, including the variables of interest and the specific
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within- or between-athlete comparisons being made. For example, a practitioner may deem it acceptable

to use the two devices interchangeably to provide feedback during a training session but choose to utilise

one device consistently for periodic performance testing.
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Radar 1080 Sprint Start Line

> Sprint Direction >

Figure 1. A diagram of the experimental set-up.
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Velocity (m-s)

Time (s)

Figure 2. An example of the horizontal velocity recorded by the 1080 Sprint (solid line) and the
corresponding exponential modelled velocity (dashed line) which could not be modelled within the time

domain of the recorded sprint for one athlete’s sprint trial.
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one athlete’s sprint trial is presented with the corresponding exponential modelled velocity.
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Table 1. Device measurements (mean £ SD) and between device bias, random error, and
limits of agreement.

1080 Sprint  Radar Bias*  Biaso  Random  Random g5, o n
Error Error %

Tau (s) 117+009 110£009  0.07 6.32% +011  +998% (-0.04,0.18)
Vhmax (m-s)  7.80+0.69 7.66+069  0.14 1.85% +019  +254%  (-0.05,0.34)
Fo (N/kg) 661+036 675040 -014  -205%  +064 +941% (-0.77,0.50)
Vo (m-s) 8.08+0.74 7.92+074 0.6 2.02% +023  +292%  (-0.07,0.39)
Srv (%) -0.82+£007 -0.86+008  0.04 408%  +011 +123%  (-0.07,0.14)
Prax (W/kg)  13.3£169 1332169 <001  0.00% +0.94  £7.09% (-0.94,0.94)

*A positive bias indicates a higher measurement by the 1080 Sprint device than the radar device; LOA = limits of

agreement. The bias % and random error % are calculated as a percentage of the mean radar value.



