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Abstract

The use of valid, accurate and reliable systems is fundamental to warrant a
high-quality data collection and interpretation. In 2015, FIFA created a department
of Electronic Performance and Tracking systems, collecting under this name the
more used tracking systems in team sport setting: high-definition cameras, Global
Positioning Systems, and Local Positioning Systems. To date, LPS systems proved
to be valid and accurate in determining the position and estimating distances and
speeds. However, it is hypothesized that between LPS, ultra-wide band (UWB) is
the most promising technology for the future. Thus, this chapter was aimed to make
an update about UWB technology in sport: the FIFAs regulation, manufacturer that
provide this technology, the research articles that assessed validity and reliability of
UWB technology, and the criteria standard for the use of this technology.

Keywords: electronic performance and tracking systems, local positioning systems,
UWSB, technology, accuracy

1. Introduction

Since the monitoring of match performance is now considered a fundamental part
of contemporary team sport’s players development, professional soccer clubs invest
significant amount of money to nurture elite players [1]. Overall, the quantification of
both internal and external training and match load are useful in a practical context to
aid game understanding and decision making in relation to individual and collective
physical training content and prescriptions [1, 2].

Today, training load monitoring is made thanks to Electronic Performance and
Tracking Systems (EPTS) [3, 4], which are classified into three types based on
different technologies: Global Positioning Systems (GPS) or Global Navigation
Satellite Systems (GNSS) [5-7], semi-automatic video camera systems (VID)

[8], and Local Positioning Systems (LPS) [9]. The fact that GPS/GNSS and LPS
were not allowed during official competition, together with VID are non-invasive
technologies, were the main reasons to VID has been the most used EPTS before
2014. However, the acceptance of the use radio-frequency based technologies
during competitions, some installation difficulties of VID, and the possibility to add
additional microelectromechanical sensors (MEMS) makes that radio-frequency
technologies have become most common in team sport settings [4]. However, since
some scientific validity and reliability studies have compared LPS and GPS/GNSS
based EPTS [10-12], and they have shown high precision measures using LPS, the
use of LPS seems to grow in the future [4, 13, 14].
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Indoor positioning wireless technologies are classified into infrared, radio-
frequency (Radio frequency identification (RFID), Wi-Fi, Bluetooth and ultra-
wide band [UWB]), and ultrasound systems [13]. Among different types of
wireless indoor positioning systems, UWB is a promising technology for indoor
positioning and tracking [13] and also for outdoor venues where there is no
possibility of the surrounding infrastructure interfering in the results [3, 13, 14].
Therefore, the aim of this review was to make an update about UWB technology
in sport.

2. Safe and accuracy certificates of UWB in team sports

International Federation of Amateur Football (FIFA) organized an event
in which EPTS of those manufacturers that wish an official assessment of its
devices” security may be evaluated under standards and common conditions. All
of these providers” devices evaluated positively are certified with International
Match Standard (IMS) license and published in the FIFA’s website [15]. In addi-
tion, FIFA offer a second certificate under the name “FIFA Quality” certificate, in
which manufacturers show the accuracy of their devices against a Gold Standard
registration system. Tables 1 and 2 show those manufacturers that provide UWB
technology-based devices with IMS or “FIFA Quality” certificates.

Manufacturer Brand Test Institute

REALTRACK SYSTEMS SL WIMU PRO Victoria University

STATSports Group LTD APEX POD Sports Labs Ltd.

Catapult Sports VECTOR Sports Labs Ltd.
Table 1.

UWB manufacturers with IMS certificate.

FIFA Quality certificate

Manufacturer Brand Test Institute Certification
period
Catapult Sports VECTOR (LPS) Victoria University 05-FEB-20
23 JAN-22
REALTRACK SYSTEMS SL WIMU PRO Victoria University 29-NOV-19
23JAN-22
Table 2.

UWB manufacturers with FIFA quality certificate.

3. UWB in scientific articles

Based on a recently published systematic review about the validity and reliability
of LPS technology [9], and additional one added due to its recently publication [16],
it may be summarized that three studies used UWB technology with 6 antennae
around the field and, in general, 18 Hz [10, 17-19], and one used UWB technology
with 8 anchors and 33 Hz [16]. All of them belong to three different manufacturer:
Realtrack Systems [10, 17, 18], KINEXON [20], and Ubisense [19].
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3.1 Validity of UWB technology

Realtrack Sytems” UWB (WIMU PRO™, RealTrack Systems, Almeria, Spain)
was tested in indoor context to assess its validity, revealing 5.2 cm (0.97%) and
5.8 cm (94%) of mean absolute error (MAE) of all estimations in x- and y- posi-
tion, respectively [17] (Table 3). The same system, in outdoor field showed a MAE
of 9.57 cm in x-axis positioning and 715 cm in y-axis positioning [18] (Table 3). A
third study assess the validity of an UWB during linear, circular and zig-zag drills
in soccer training in walking and running intensities [10]. The authors showed
a bias (%) of 0.55 to 5.85% for determining distance covered, and, moreover, a
bias between —0.56 and 0.67 for determining mean velocity [10]. Additionally,
this system has been compared with an GNSS revealing lower MAE than satellite-
based system (Table 3). Athlete tracking technology is continually improving due
to developments in microprocessors, data processing, and software [21]. Hence,
Realtrack System have provide a new modified UWB with height antennae and
33 Hz, which has been recently compared against a real-measure [16]. The authors
showed that the mean difference (MD) was less than 4 cm and in 95% of the cases
was between 1 cm and 7 cm. the magnitude of the differences was expressed as
0.28% with real measures as the reference. %CV was less than 1% in all cases
(Table 3). Despite the fact that Realtrack System (Almeria, Spain) has published
most of the article, an alternative brand of UWB (Ubisens Series 7000 compact
tag) was also tested for its accuracy [19]. The authors also showed sufficient accu-
racy to test positions of players independently of the length of the recorded runs
(Table 5). Summarizing, all manufacturers that provide UWB technology have
showed acceptable accuracy levels for monitoring the position of players in team
sports settings (Tables 3-5).

3.2 Reliability of UWB technology

Four studies [16-18, 20] aimed to assess the reliability of LPS based on UWB
technology. Hoppe et al., (2018) assessed the reliability calculating the differences
between the KINEXON ONE UWB devices of each positioning system (i.e. the
between device reliability) though typical error. They found typical errors between
0.1 (criterion variable of 10 m jogging with jump) and 1.7 (criterion variable of
129.6 m entire circuit). The LPS revealed good reliability for the entire distance
covered, walking over 10 m and sprinting with change of direction, sprinting over
30-m, sprinting over 5-20 m and theoretical maximal force and horizontal power
[20]. In addition, Hoppe et al., [20] compared the results of GPS and UWB, and
despite some contradictorily results, comparisons of reliability between the GPS
and LPS was mainly favorable to LPS [20].

Regarding to the other commercial UWB based device from RealTrack Systems
was tested for its intra- and inter-unit reliability [17]. These tests assisted with under-
standing the degree of error and the amount of variation between the units. A Mann—
Whitney U test was performed to compare differences in the differently designed
routes and between devices (i.e. the variation in data measured in one participant or
another). Inter-unit reliability (i.e. the difference in using one device or another) was
determined using Hopkins’s reliability spreadsheet to calculate the percentage typical
error of measurement and the intra-class correlation coefficient (ICC) values. The
intra-unit reliability of UWB in mean velocity varied between 0.895 and 0.999 of
ICC (95% of confidence interval) and the low and upper (for inter-unit variability)
ranged between —0.09 and 0.42%. In the case of distance covered, the typical error
of UWB varied between 0.94 and 4.87% and the lower and upper bias was between
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Ref. Article’s information Outcomes What this
Document Add?
Hoppe e Aim: accuracy/reliability. * Distance covered * Overall, 20 Hz
etal., [20] . - UWB had
* Environment: indoor. UWB 18 Hz: TEE: 1.6-8.0%: . o
’ T superior validity
e Brand: 1.0, Munich, Germany. CV:11-51% and reliability
e Algorithm: not defined. UWB 20 Hz, TEE: than 18 Hz UWB

Number of anchors: 12

Sampling frequency: 18/20 Hz.
Gold Standard: not defined.

Drill: Specific circuits: walking,
jogging, and sprinting sections
that were performed either in
straight-lines or with changes
of direction.

1.0-6.0%; CV: 0.7-5.0% and 10 Hz GPS.

Sprint

UWB 18 Hz, TEE:
4.5-14.3%; CV: 3.1-75%

UWB 20 Hz, TEE: 2.1-9.2%;
CV:1.6-7.3%

* Relative loss of data sets due
to measurement error

UWB 18 Hz = 20.0%

UWB 20 Hz = 15.8%

Table 4.

Studies that assess validity or veliability of KINEXONs UWB (Munich, Germany) (adapted from

Rico-Gonzdlez et al. [3]).

Ref. Article’s information QOutcomes What this
Document Add?
Leser  Aim: accuracy. ¢ Runs = difference with trun- e UWB had

etal., [19]

Environment: indoor.

Brand: Ubisens Series 7000
Compact Tag.

Algorithm: TDOA/AOA.

Number of anchors: 6

Sampling frequency:
4.17 £ 0.01 Hz per-tag.

Gold Standard: trundle wheel.

Drill: Runs in the center of
the playing field and at the
borders; Matches (5vs. 5 + 1
player (without ball contact)
leading a trundle wheel).

dle wheel: 8.25 + 4.07%;
95% LoA: 0.27-16.22%).

® Match = MD = 3.45 + 1.99%;
95% limits of
agreement = —0.46-7.35%.

enough accuracy
for time-motion
analysis.

Table 5.

Studies that assess validity or veliability of Ubisenses UWB (Munich, Germany) (adapted from Rico-Gonzdlez

etal. [3]).

—2.65 and 2.06%. Thus, it was concluded that the UWB was reliable for distance
covered and mean velocity [17]. Another study testing inter-unit reliability of UWB
of the RealTrack system presented ICC values of 0.65 and 0.88 for x- and y-axis,
respectively [17]. In the last published article using a develop device of this provider,
Pino-Ortega et al., found remarkable that %CV of a 33 Hz and 8 antennae UWB was
less than 1% in all cases, in going, coming back and in total. Besides, inter-unit, test—
retest and inter-subject analysis did not influence the reliability results. Therefore,
both KINEXON ONE and Realtrack Systems provide a reliable device for measures in
sport settings (Tables 3 and 4). The characteristics of Realtrack Systems”, KINEXON
ONE’s and Ubisense’s UWB devices have been summarized in Table 6.
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REALTRACK Wimu Pro KINEXON Ubisense
Sampling rate <55Hz 10-1000 Hz Not fixed
N°anchors 6-12 6-16 Scalable
GPSintegrated Yes No No
Triaxial accelerometer 4 sensors <1000 Hz 200 Hz —
Triaxial gyroscope 3 sensors <1000 Hz 200 Hz —
Triaxial magnetometer 160 Hz 20 Hz —
Battery life 5 6 —
HR data available Compatible with 3rd party Compatible with 3rd No

sensors party sensors
Thresholds for each Yes Yes Yes
player?
Real-data available Yes Yes Yes
Raw data available Yes Yes Yes
Visualization platform Software; App; Online Software; Online Software;
Online
Technology based ANT+ — —
Table 6.

Characteristics of devices based on UWB (extracted from Serpiello [22]).

4. Principles for positioning detection

Radio-frequency EPTS are based on quite similar principles of use for position-
ing detection [13, 14, 21], however, UWB replace satellite navigation networks by a
set of antennae installed in a known positioning around the field in which the data
are going to be recorded. Thus, UWB system calculate position of devices using:

(1) the antennae set (which act as a reference system), and (2) the devices tracked
(Figure 1). The communication stablished between antennae allows a detection

of each device enclosed in a tight-fitty garment commonly located between each
player” scapulae. So, UWB is based on a wireless technology, which establish a
communication in the absence of a physical medium [23]. Concretely, the refer-
ence system is composed by a set of antennae located around the field in which the
measurements are going to be recorded. Though an algorithm (see 4.2. section) (e.g.
Time Difference of Arrival (TDOA)), at least three antennae stablished a circumfer-
ence around themselves, whose radius is defined by the distance between an antenna
and the object [13]. It is known that player positioning is in any place of the circum-
ference’s perimeter. When at least three antennae stablish their computation, the
circumferences perimeters meet in a common place, where the player is (Figure 1).

These communication is stablished using electromagnetic waves which carry
data [23]. The values of the electromagnetic waves that allow positioning computa-
tion are measured over time, and represented by curves, called sinusoids [24].
These curves appear in a certain shape according to their values. Mathematically,
these sinusoids are the result of the number of beats or cycles per second (fre-
quency), the power of each frequency component (amplitudes), and the delay or
advantage of a signal (phase), which describe the angular displacement of two
sinusoidal functions [23, 25]. The key to transmitting the information is through
the use of waves with more complex shapes, as a result of a combination of differ-
ent sinusoids [25]. Depending on the frequency of these waves, indoor positioning
wireless technologies are classified into different types (see introduction section).

7
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Figure 1.
Positioning using UWB technology.

The distances between antennae (node located in known positioning) and device
(held by each player and located in unknown positioning) are computed by UWB
positioning algorithms, clustered into different categories: angle of arrival (AOA),
received signal strength (RSS); time difference of arrival (TDOA); time of arrival
(TOA), and a hybrid algorithm [13]. An understanding of the accuracy, environ-
ment, estimation technique, space, and purpose of use of these algorithms is critical
because of their differences and the appropriateness of their use in different situa-
tions [3, 13]. In brief, despite the fact that AOA algorithm has valid accuracy, AOA
and RSS are more suitable than other methods for those systems based on a narrow-
band signals than with a high UWB bandwidth [3, 13]. Instead, TOA algorithm is
suitable for those systems with bandwidth such as UWB. Regarding to the accuracy,
small errors in AOA will negatively impact precision when the target object is far
away from the base station. However, TOA and TDOA are more accurate relative to
other algorithms because of the high time resolution of the UWB signals. In addi-
tion, due to hybrid algorithms combine the advantages of all algorithms, it seems to

be the most effective solutions for UWB positioning systems [13].

The receiver and transmitter devices that these technologies contain are inter-
connected to avoid communication with interference from other devices [13]. The
communication of the UWB system occupies a very large frequency band, at least
0.5 GHz, as opposed to more traditional radio communications which operate on
much smaller frequency bands. On the other hand, since UWB is only allowed to
transmit at very low power, its signal emits little noise and can coexist with other

services without influencing them (Bastida-Castillo, Gémez-Carmona, De la
Cruz-Sanchez, et al., 2019).

5. Limitations and future ways of the use of UWB in team sport

As was analyzed in this chapter, each manufacturer provides a different LPS
based on different engineering specifications. Hence, the comparison between
LPS provides a wide conclusion due to the comparison between two systems with
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different standards is difficult. However, since LPS measurement seems to be
sensible by several factors such as temperature, humidity gradients, air circulation,
pitch dimensions or infrastructure condition, among others [3, 13], the comparison
between the outcomes of two studies should be made with caution, even though
both of them were performed with the same UWB device. In fact, the same device
has resulted in different outcomes in outdoor and indoor context, even in two
indoor environments (see Table 3). In order to open a research way with the aim

of unification all possible information about the use of UWB technology (among
others) in the scientific articles” methodology description, a survey has been pub-
lished [3] based on the following literature: [5-7, 13, 14, 21, 26-34]. Recently, the
information provided in articles has been analyzed based on the survey, and it has
been highlighted a need to more detailed descriptions [3]. Accordingly, the items
provided by the survey belongs to five quality metrics: (1) system accuracy and
precision; (2) coverage and its resolution; (3) latency in making location updates;
(4) building’s infrastructure impact; and (5) effect of random errors on the system
such as errors caused by signal interference and reflection [35]. This fact makes that
the comparison between two studies may be unsuitable, at least, while the narrow
information is reported. The sampling frequency, computation methods for veloc-
ity and acceleration, data exclusion and inclusion criteria, high-intensity bias due
to random error, the time at which the data were extracted, technology lock, and
data synchronization, and other factors such as the athlete’s clothes, the number of
reference point, environmental and infrastructure conditions, antennae installation
and position, and measurement methods have also been mentioned for the use and
description for UWB technology. However, the most of these questions has been
addressed in other context such as engineering, and this survey focused in sport set-
tings was based on theoretical framework. The unification of these information will
allow a summary of future systematic reviews comparing the outcomes extracted
with the same characteristics, and context.

6. Concluding remarks

Theoretically, UWB seems to be the most promising technology for team sports
tracking monitoring, however, since it has not been compared against another LPS
in team sport setting, it should be considered with caution. In any case, the devices
based on UWB technology have shown a high degree of validity for all variables
based on positioning (static positioning, time-motion, high speed running and col-
lective tactical behavior). Specifically, Realtrack Systems (6 antennae/18 Hz) = bias
(distance covered): 0.55-5.85%, bias (velocity): —0.56 - 0.67, and difference with
other EPTS (collective tactical analysis): 8.31%; Realtrack Systems (8 anten-
nae/33 Hz) = bias: 0.28%; KINEXON ONE = TEE: 1.0 + 6.0%; Ubisense = bias:
8.25 + 4.07%). Hence, all Realtrack Systems”, KINEXON ONE’s and Ubisense
systems” UWB are considered a valid technology for sport settings. Moreover,
Realtrack Systems” and KINEXON ONE’s UWB showed to be reliable (KINEXON
ONE = TE: 1.7 cm; Realtrack Systems (6 antennae / 18 Hz) = ICC: 0.65 (x-axis) and
0.88 (y-axis); Realtrack Systems (8 antennae / 33 Hz) = %CV: <1%). Therefore,
UWSB is considered a valid and reliable EPTS in the field of load monitoring of
team sports in both indoor and outdoor environments. However, although UWB
has usually resulting in greater accuracy than other radio frequency systems at high
intensity drills [10], special care should be taken when analyzing load indicators at
high speeds or involving different trajectories.

To date, due to the low amount of information reported in the articles” method-
ology sections [3], the comparison between outcomes extracted from devices with
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different characteristics, or in different environment should be made with caution.
Therefore, we encourage the authors to explain the methodology about the use of
UWB sensors, among others EPTS, based on recently published guideline [3].

Abbreviation list

ANT+ advanced and adaptive network technology
AOA angle of arrival

EPTS electronic performance and tracking systems
FIFA International Federation of Amateur Football
GPS global positioning systems

GNSS global navigation satellite systems

Hz Hertz

ICC intraclass correlation coefficient

IFAB International Football Association Board
IMS International Match Standard

LPS local positioning systems

MAE mean absolute error

ME mean difference

MEMS microelectromechanical sensors

RFID radio frequency identification

RSS received signal strength

TE typical error

TEE typical error of estimate

TDOA time difference of arrival

TOA time of arrival

UWB ultra-wide band

VID semi-automatic video camera systems
%CV % of coefficient of variation
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