
 

RELIABIL ITY  AND VALIDITY  OF THE XPS™ SYSTEM

A PORTABLE PRECIS ION MOTION TRACKING DEVICE

August  2019 / /  XCO Tech Inc .
 
Authors :  Co l in  Wal lace ,  Michae l  Le ies  and Scot t  McMi l lan
 



| XCO Tech Inc . PAGE |  02

Where we are

TODAY
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Introduction
 
Performance testing is a key component of a
clearly defined training plan and an evaluation of
potential success for a variety of sports. One
event in particular is the National Football League
(NFL) Scouting Combine, the league’s annual pre-
draft tool to evaluate new players. The results
from these tests are used to predict the
successful transition from the collegiate ranks to a
professional career, and the primary outcome
measures for these tests are commonly recorded
by hand timing or timing gates. The premier event
at the NFL Scouting Combine is the 40-yd dash, a
timed event similar to the 100 m race at track and
field competitions.
 
In sport science research higher precision is often
required and the gold standard used in labs for
motion analysis is a motion capture system. There
are several challenges to working with a motion
capture system, including the laborious effort
involved in set up, the space required for the
system to be installed and, once in place, many
systems are restricted to a specific area and
cannot be transported. Currently, timing gates are
the tools used for recording 40-yd dash times at
combine events because they are cheaper and
more portable compared to motion capture
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systems; however, timing gates do require
substantial time and effort to set up and are
prone to errors in the form of false signals (e.g., a
hand breaks the photo beam and triggers the
start of a sprint before the athlete has moved).
 
To solve these problems, XCO Tech Inc. has
developed the eXact Positioning System (XPS™), a
novel motion tracking system that is portable,
requires less than 1 minute to set up and boasts
centimeter-level precision. XPS™ uses ultra-
wideband (UWB) technology, along with a triaxial
accelerometer and gyroscope, to capture athlete
position in 3D. The athlete wears a single tag that
communicates with a hub to determine athlete
position in real time. The aim of this study was to
determine the validity and reliability of the XPS™
compared to motion capture systems and timing
gates.
 
 
 

METHODS
 

Data Collection
Motion data were collected in a 10 m sprint at 240
Hz using an 8-camera motion capture (MOCAP)
system (Eagle, Motion Analysis Corp., Santa Rosa,
CA, USA). Timing data were collected in a 30 m
sprint using the Zybek PowerDash 3X (ZYBEK)
system (Zybek Sports, CO, USA). Zybek is the
market leader in timing gates and their technology
was used at the NFL Scouting Combines in 2011-
2013 and 2016. In both experimental sprint tasks,
the XPS™ collected position and timing data
simultaneously with MOCAP (10 m) and ZYBEK (30
m).
 
 

10 m Sprint
Two athletes completed 17 sprints that were
successfully captured by both the XPS™ and
MOCAP. The XPS™ hub was located 5 m from the
start line of the sprint and the athlete wore a belt
around the waist with the tag situated on the
posterior aspect of the body at the level of the
sacrum. The MOCAP marker was placed directly
beside the XPS™ tag and each athlete was asked
to stand still prior to the recording. The XPS™ tag
and MOCAP marker were zeroed to this initial
position prior to each sprint. Positional data were
simultaneously collected in a motion capture
laboratory by the XPS™ and MOCAP during a 10 m
sprint (Figure 1). The two systems were
synchronized using a button-press event,
electrically fed into both systems. All times
included in this report are relative to the
synchronization of this signal.
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic illustration of the 10m Sprint.
 
 
 
 
 
 
 
Figure 2. Schematic illustration of the 30 m sprint.
 
 
 



30 m Sprint
Two athletes completed 11 sprints that were
successfully synchronized between the two
systems. Timing data were simultaneously
collected by the XPS™ and ZYBEK on an indoor
soccer field. The XPS™ hub was located 5 m from
the start line of the sprint and the athlete wore
the XPS™ tag in a belt around the waist with the
tag placed on the posterior aspect of the body at
the level of the sacrum. Three timing gates were
set up at 10 m, 20 m and 30 m from the start line
(Figure 2). To account for the XPS™ tag being
worn on the posterior aspect of the athlete (i.e.,
sacrum), XPS™ times were calculated at distances
of 9.85 m, 24.85 m and 29.85 m. This adjustment
was necessary as the XPS™ tag is approximately
15 cm behind when the runner breaks the timing
gate beam with their chest due to the location of
the tag. The two systems were synchronized by
feeding the output of the timing gates into the
expansion inputs on the XPS™ hub so that all
events were timed using the same clock. Timing
 

gate signals are registered by the XPS™ with
processing latency not exceeding 200 µs. The
timing gates were aligned with a laser range finder
to within ± 0.005 m. All times included in this
report are relative to the synchronization of this
signal.

 
Statistical Analysis
Data are presented for each sprint distance, along
with a 5 m split in the 10 m sprint, and 10 m and
20 m splits for the 30 m sprint, as the Mean
Difference (MD), Mean Absolute Difference (MAD),
Limits of Agreement (LOA) based on a Bland-
Altman analysis, Intra Class Correlation (ICC, two
way random, single measurement model) and
Pearson’s r (Table 1). To test time differences
between the two systems, paired-samples t-tests
were used for each distance marker. The ⍺-level
was set to 0.05 a priori. All statistical analyses
were performed using SPSS (v.23).
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RESULTS
 
The MAD between the XPS™ and MOCAP at 5 m
and  10 m mark of the 10 m sprint were 0.009 s
and 0.015 s, respectively (Table 1). For the 30 m
sprint, the MAD between the XPS™and ZYBEK at
10 m, 20 m and 30 m were 0.014 s, 0.013 s and
0.012 s, respectively. For all sprint splits in both
the 10 m (p < 0.001) and 30 m sprints (p < 0.001),
ICC analysis showed excellent reliability of the
XPSTM system (ICC = 1.00). Further, Pearson’s r
show perfect agreements (p < 0.001) between the
XPS™ and MOCAP system for all splits of the 10 m
sprint (Figure 3), and between the XPS™ and
ZYBEK for all splits (p < 0.001) of the 30 m sprint
(Figure 4).
 
A paired-samples t-test revealed no statistically
significant difference between the XPS™ and
MOCAP systems at 5 m (p = 0.65). A statistically
significant difference was found at 10 m  (p =
0.01), with the XPS™ reporting a time 0.010 ±
0.003 s slower than the MOCAP system. This
represents the ability of the XPS™ to be within 10
ms accuracy of a MOCAP system. In examining the
times reported for the 30 m sprint, no statistically
significant differences were found between the
XPS™ and ZYBEK at 10 m (p = 0.50), 20 m (p =
0.18) or 30 m (p = 0.22).
 
Bland-Altman analysis revealed an excellent
agreement between the XPS™ and MOCAP
systems in a 10 m sprint with a bias of 0.004 s
[-0.024, 0.033] (Figure 5). Similarly, an excellent
agreement was seen between the XPS™ and
ZYBEK systems in a 30 m sprint, with a bias of
0.003 s [-0.029, 0.035] (Figure 6).

Figure 3: Correlation of XPS™ with MOCAP (all data
points from 5 m and 10 m splits).

Figure 4: Correlation of XPS™ with ZYBEK(all data
points from 10 m, 20 m and 30 m splits).



DISCUSSION
 
This study examined the validity and reliability of the
XPS™ compared to a motion capture system in a 10
m sprint, and a timing gate system in a 30 m sprint.
Excellent reliability was found for the XPS™ with ICC
values of 1.00 for all measurement comparisons in
both sprint distances. Perfect agreements (i.e.,
Pearson’s r = 1.00) were found for all split times
across both sprints between the XPS™ and both
motion capture and timing gates. The XPS™
demonstrated excellent agreement with both a
motion capture system and timing gates for sprints
of 10 m (with a 5 m split) and 30 m (with 10 m and
20 m split times) and no bias, as the LOA framed 0 s
for both.
 
The NFL Scouting Combine uses a 40-yd dash. While
this study included a sprint trial of 30 m (32.8-yd),
testing beyond 30 m was not done due to the
limited number of gates available. It should be noted
that only two athletes performed each of the 10 m
and 30 m sprint trials. Increasing the number of
athletes will certainly generate more robust data;
however, given the level of accuracy the XPS™
displayed, we do not anticipate any difference in
outcomes between the XPS™ system and the motion
capture or timing gate systems with the addition of
more participants in subsequent studies.
 
 

Figure 5. Bland-Altman plot of the difference in
times from a 10 m sprint, including a 5 m split
time, plotted against the average time. Red line
indicates the average bias; upper and lower solid
lines indicate the limits of agreement.

Figure 6: Bland-Altman plot of the difference in
times from a 30 m sprint, including 10 m and 20 m
split times, plotted against the average time. Red
line indicates the average bias; upper and lower
solid lines indicate the limits of agreement.
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