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BACKGROUND: The correct evaluation of external load param@ mog@ football. The

instrumentations usually utilised to quantify the external load p ers ,dy ¢ official matches
are Video-Tracking Systems (VTS). VTS is a techn record&@o dimensional position
data (x and y) at high sampling rates (over 25 Hz). @t evaluate the intra-system
reliability of SICS VTS. Such information is pa catlon at top-level contests.
METHODS: 28 professional male football in the Italian Serie A (age 24 + 6
years, body mass 79.5 + 7.8 kg, stature g@/ 16 season were enrolled in this
study (Team A and Team B). V1d o 1 an official match and data analysis
was performed immediately after t ated a week later.

RESULTS: This study re ear. e@:t %onshlp between Match 1 and its replication
(Match 2) data. R* coe c;eﬁt\%elatlg@ B@@ben Match 1 and Match 2) were highly significant
for each of the pe ara@ 01 Team A reported a mean TD = 8141 + 3398 and
8129 + 3387 ectively. Team B reported a mean TD = 8038 + 3145 and

8017 £ 3139 in ch 1 a@Match 2, respectlvely
CONCLUSIONS: mlngs reported in this study have an important practical application since
they underlined that all data reported by SICS VTS showed high levels of absolute reliability.
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Introduction

Football is played in almost every nation at the professional level, making it the world’s
most popular sport.' Football is a team sport characterised by an intermittent model where acrobic
and anaerobic components are highly taxed.” Football players’ on the basis of their roles and game
level, usually cover a range of distances from 10 km to 13 km.? Players perform several specific
activities during official matches such as: high speed running, accelerations-decelerations and
changes of direction, such as technical and tactical actions.” The correct evaluation of external load
parameters is paramount for sport science strategies.* For instance, this evaluation can be used to
aid areas of post-match analysis such as: management of recovery protocols, \Qalised training
(with different training loads on the bases of the previous workloads ¢ 1 out) and nutrition
strategies suitable to enhance the restoration of energetic stores.' @

The instrumentations usually utilised to quantify the ex@ par@@rs are Global

Positioning Systems (GPS) and Video-Tracking Systems (VI'S) S 1,s\a Vlgatlonal system

originally developed by the American Department of D for mi use and it has since

been made available to the public and commercialized: S C’ (especially during training
sessions) to collect and analyse time-motion data s to@@tance covered (TD), number of
changes of direction, acceleration and decﬂe(a\ti& t1V1g S well as time spent at high speed
running and metabolic power.'>'? GP ur\}}{ a@?y liability have been commonly

investigated.”' > It is well reporte@b é\ ureductlon in accuracy during power

actions such as, change of dlrglon\&celer@on—é(nzy eratlons 1516 GPS with higher sampling

o\
rates (e.g. 10 Hz) prov1des<é\p££@ahd\aﬁd))rel ¢ measure of an athlete’s movement demands

compared to their res e(«{l/yﬂe poyy‘@ &{@erparts (eg 1-5 Hz)." Improving the sampling
S to V accuracy.'’ FIFA recently allows the use of GPS
during offici ho%@ QJ of such technology could be limited in an ecological
context becaus&galidi‘&@d reliability could be affected by signal quality, which might be

obstructed by the“atmosphere and objects in the local environmental (e.g., tall buildings,
9,20

rate is one of th

stadium).

VTS is a technology that records two-dimensional position data at high sampling rates (over
25 Hz). Much research has been conducted on the validity and reliability of video and electronic
tracking systems.'”'® Generally, VTS systems have been revealed to have some advantages
compared to GPS devices, for example, players need not carry any extra weight or specialised
equipment during official matches, which could hinder their performance. Moreover, as reported

above, sampling rates are a crucial factor for validity and reliability, and video and electronic
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tracking systems (25 Hz) currently on the market offer higher sampling frequency than GPS (10-15
Hz).>*! VTS is one of the most popular choice for physical performance analysis in elite football
(especially during official matches)."”” Research has revealed a large amount of variability in the
accuracy of different video-tracking systems (produced by different companies), and for sport
scientists, it is crucial they know the accuracy and reliability of a system in order to limit
misleading interpretations.”> It is assumed that the VTS production company responsible for
creating the technology independently validate their system, especially if it took in account the
differences reported among different technologies and brands.® In the past years several information
were reported about VTS reliability, and poorer data were found during curvilinear and high-
intensity movements.”® For instance, intra-day test-retest in 10 m sprint time r \Qd a coefficient
of variation moderate to low, but higher variation was reported during ac@ions and change of
directions.® In semi-automatic VTS part of the analysis is done by om at perform manual
corrections (i.e. when players are occluded), therefore VTS reliamywbe@ggéed by human
intervention.® Quality of human intervention is dependent of frain} el and ?sonal experience.
As previously reported, VTS are common limitations as @@ultles tog@%?ng several players in
congestion, as well as when players are occluded by/othe .g.C Jbox).”' This is particularly
important during official competitions, when seyétal vy% a@ Q@ultaneously monitored.”

SICS VTS is a performance analysi del % at national and international level

(Italian Serie A and Euro 2016). Th%,a}uatlon oﬁ&a relﬁty could be paramount for its
X< 2 O .2
application at top-level contests, aswell) as\in-fesearch-studies=’The main purpose of this study is to
N— . (AR RD
assess the intra-system reliabilit of\QLCS Vl@o&ﬁc&’m‘g‘éﬁlstem by evaluating of several football-

specific parameters (i.e. meta POW "@ d1%t nce covered in several speed categories) during
p‘f@s (ecological context). We hypothesize that SICS
VTS will show a(@ﬂyd)g oﬁ\&’&a Wrehablhty Reliability evaluation is the first step of

SICS VTS vamam Q

Methods &Q

an official match w1th

Subjects.: 28 professional male football players (age 24 + 6 years, body mass 79.5 + 7.8 kg, stature
1.83 £ 0.05 m) were enrolled. Goalkeepers were considered in this study. The experimental
protocol was in agreement with the Declaration of Helsinki for the study on human subjects. The
SICS board and the Sport Science Area of University of Suffolk (UK) approved the experimental

protocol.
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Design and research questions. SICS video tracking system named Digital.Stadium® (Bassano,
Italy) is current used by a large number of professional football teams and by Italian national
football team. Digital.Stadium® is a semi-automatic technology, therefore the evaluation of
reliability of the system is paramount for its utilisation in elite contexts. This study evaluates the
intra-system reliability by replication analysis of an official football match with professional
football players. By this protocol we ensured the most ecological approach.

Considering that this VTS is semi-automatic, the analysis of intra-system reliability takes in

account also intra-operator reliability (throughout the text we will use only the word “intra-system

reliability”). In order to satisfy also this criteria (intra-operator reliability), theisame operators
performed both the analysis. %

Experimental protocol and data analysis. @ 5
Two teams taking part in the Italian Serie A during 201 @ V@&ordw in this

study (Team A and Team B). Video-analysis was done during a 1al p:La and data analysis
was performed immediately after the game ended (Match@x&d reph@&@a week later (Match 2).
~N

The Football match analysed in this study, took pl ral gr: 1eld playing surface at the
Luigi Ferraris stadium in Genova. None of the @@rs were equipped with external
detectors, devices or additional instruments.

SICS Digital Stadium® Verswn(ég asap ablé%%)dvm@nd software system that can be

installed at a venue before a mat a!l an @)ﬁguratlon procedure usually takes
between 30 to 45 minutes. The main pon t tal.Stadium® system are:

e Video Recording E‘?P fixed cameras equipped with special no
distortion lenses<€o 1eéco he @ being played. Every part of the football field is
covered byt least.one Q\;&ra ,g&&h some areas of overlay among the different cameras

(FlymMca@ Malled on a horizontal bar mounted on a single tripod

located 1 @ posmon in the stadium corresponding to the midfield line.

e File Transft @peratlonal Centre module: to transfer the video files recorded by the
cameras to the SICS operational offices;

e Automatic Tracking: a software that detects the moving objects (players, ball, referees) on
the field and calculates the position of each object for each frame with a frequency of 25 Hz;

e Manual Tracking: the movements of each object on the pitch are recorded by a group of

operators (usually 4 per match) and the label with the identification of each object (players’

names and numbers) reassigned if needed;
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e Technical Tagging Module: to tag each touch of the ball with its technical detail (pass, cross,
shot, corner, etc.);

e Data Export Module: to obtain a full set of reports and raw data for each analysed player;

e VideoMatch for Digital.Stadium® to analyse and present the data obtained by the above

process both from a physical and technical point of view.

Please Figure 1 here

Before performing the Automatic Tracking step a process named “Masking” is performed

that defines the areas like stairwells and seating areas for supporters, this ensures thfat movements in

2

these areas are not detected by the software. Masking also consists of a “Fie ration” where
some relevant points in the recorded videos are located to create a digita (e.g. corners, goal
area lines, midfield line) and the X, y coordinates in the digital mapping/of't \&ld
N\
co by a human
operator (semi-automatic system). Four operators were invoged 1 firs %%sm (Match 1) and

n the%@ match (Match 2). The

Video recorded was analysed by the computer system/dn

the same four operators replicated the analysis (a week

analysis took into account several parameters deepl in m l science as: TD, distance
covered over 15 Km h™', mean distance coverqd%y Q&@lstance covered between 19-22
Km h' and distance covered over 22 dition %ﬁ -analysis recorded data about mean

distance covered over 25 w kg and m pﬁta olic (w% 22
: O
The indirect estimation of t é%)@ tilig ~€’ e rationale that accelerated running
on a flat terrain is energetically a nal\o‘ggxsi) % r@% at constant speed:

EC Jkg'm™)= (15;@5«3 230.4 E@@ﬁs}@% + 463 ES2+19.5 ES +3.6) EM
' &\V V

e cost@ atgd running on grass, EM is the equivalent mass and ES is

Where EC is

Cl
the equivalent s ; pE

Statistical analysis.

Data are presented as means = 1 SD. A Shapiro-Wilk test was performed for the evaluation
of normality (assumption) for statistical distribution. Log transformation was done for non-normal
data. Pearson’s Correlation Coefficient reported in this study as the variance explained (R?) was
used to determine the relationship between matches’ data and thus the validity of the variable.*
Statistical significance was set at p < 0.05. Absolute reliability (between Match 1 and Match 2) was

assessed using the typical error of measurement expressed as percentage coefficient of variation
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(CV) and interclass correlation (ICC). Differences between Match 1 and Match 2 were reported as a
mean of change with confidence intervals (CI 90%).>* Statistical analysis was performed using

SPSS (SPSS Statistics 20.0) for Mac OS X Yosemite.

Results

Data recorded in this study is presented for Team A and Team B. Reliability of Team A and
Team B data (Match 1 and Match 2) was reported as CV, ICC and mean of change with CI 90%,
these parameters are presented in table 1. This study reported a near perfect relationship between

Match 1 and Match 2 data. R* coefficients (relationships between Match 1 an ch 2 data) were
highly significant for each of the performance parameters, p < 0.001 (Table 1). %

Team A reported a mean TD = 8141 + 3398 and 8129 + 3387 i and Match 2,
respectively (TD, as well as every other parameter, took in coq. s and players
substitutions). Team B reported a mean TD = 8038 + 3145 and 8§ i-“ 1 and Match
2, respectively. Team A reported a mean distance covered oyer 25w} nt to 1351 £ 725
m and 1341 £+ 728 m in Match 1 and Match 2, respectlve le Te overed a distance over
25 w kg equivalent to 1258 + 621 m and 1248 =+ &@amd Match 2, respectively.
Team A reported a mean metabolic power 1 and 9.69 + 1.60 w kg,
respectively, whereas Team B reported a n@nmh r 0f 9.52 + 1.66 w kg and 9.47 +
1.63 w kg™, respectively. @

Distance covered over 15 )b a @ &ﬂ 967 m and 1651 + 956 m in Match
1 and Match 2, respectively, whil(ej'<QS§<§§%1Q(t Km h' by Team B was 1546 + 804 m
and 1551 = 803 m in Matc] tc];\2 @pe;;&@ly Team A reported a mean distance covered
over 20 Km h' equlvexq// fo 552 + ,@1 é’q@g 8 = 354 in Match 1 and Match 2, respectively,
whereby Team B ano%«@ered over 20 Km h™' equivalent to 485 + 309 m and
488 + 311 "Q‘ @at espectlvely Team A reported a mean distance covered
between 19-22 h! @)lvalent to 380 + 237 m and 373 £+ 228 in Match 1 and Match 2,
respectively, Where& m B covered a mean distance between 19-22 Km h™' equivalent to 333 +
175 m and 343 + 185 in Match 1 and Match 2, respectively. Distance covered over 22 Km h™' by
Team A was 325 + 246 m and 328 £+ 240 m in Match 1 and Match 2, respectively, while distance
covered over 22 Km h™' by Team B was 283 + 215 m and 286 + 214 m in Match 1 and Match 2,

respectively.

Discussion
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SICS VTS (Digital.Stadium®) is a technology commonly used to evaluate external load
parameters (e.g. TD, speed categories, metabolic power) in professional football (Italian Serie A).
The validation process of this technology is crucial for scientific acknowledgment and credibility.
In this study we reported the first step (intra-system reliability) of SICS validation process. All data
reported in this study showed high levels of absolute reliability (ICC and CV), as well as a small
mean of change (between Match 1 and Match 2) in every parameter (Table 1). In this study intra-
system reliability was successful tested, therefore sport scientists and coaches can use such
technology in an ecological context.

Previous evidences about reliability of VTS during linear speed and accelerations reported a
CV from 1-3% to 17-23%,”° however our data reported CV lower than 1% éhg\the parameters
analysed. During our protocol SICS VTS was tested in an ecological @t where reliability
could be affected by human intervention.® As previously reported, Vm men limitations as
difficulties to tracking several players in congestion and when/occlu by @ﬁ@)s, and this is
particularly true during official competitions (espemally(\dur t-balls): \Moreover high
intensity, high speed, and power data are associated w1th evel oi\iﬁﬁglhty,s 618 but this was
not the case in this particular instance. A close to 1ab11 ue was reported for every
metabolic power parameters (R* and ICC equiv %ﬁl and 0.99, respectively). These
findings support the optimal reliability of Dég\ta \Stal during high speed and high power
activities that commonly occur in pr MOot@ an@@e been taken into account in

222
pI'CVIOIlS researches. >

External load parameters arelusuall %}1 football by GPS and VTS (generally
during training and ofﬁ01al<s'9m;10n& r@ectg@) 7 % VTS is a technology that records two-
dimensional position aL’agfaAk H&h S A\\g‘lgtl\g,ﬁ)é)/)9 These systems showed some advantages in
accuracy compared/to l\d@ver s01ent1sts can evaluate players’ load parameters by
VTS without ﬂ'@h’@d itional devices (such as GPS). Scientific literature has
revealed that sampling fate is a parameter closely associated with validity and reliability.'’
Currently, GPS dem%allable on the market have lower sampling frequency (e.g. 5-10-15 Hz)
than VTS (e.g. 25 Hz).20 27 Previous research has also found that GPS devices underestimate
physical exertion during high intensity bouts as well as sprinting and shuttle running, especially
with low acquisition frequency GPS devices (i.e. 1-5 Hz).”** Moreover, it seems that the
improvement of sample rates to over 10 Hz in GPS technology (e.g. 15 Hz) has not offered any
additional advantages (e.g. speed validity).”*

Current regulation (FIFA) allows the use of GPS technology during official matches.

However, literature suggests to be cautious with the use of GPS technology in such context, because
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stadiums can highly affect GPS precision and reliability, revealed that artificial barriers can result in
the “dilution of precision” (measurement associated volume of a cone delineated by the position of
the satellites in relation to the receiver).”® Another possible limitation is assocaited to the number of
satellites interacting with the GPS, which is an important factor in determining distance (negative
correlation between distance recorded, actual distance and number of satellites) and speed inter-day
reliability.”?' Anyway, GPS devices are less expensive and required less operators for their daily
utilisation than VTS, therefore GPS might be a valid alternative to VTS during training sessions
especially when performed in open spaces far from flats and buildings.'’

Another type of device used to evaluate performance are electronic tracking systems (local

position measurement, LPM). LPM reportedly provides accurate data on, ning, average
speeds and peak speed measurements as well as other maximal intensi
football.'® However, LPM technology has two main limitations. Fm
antennas during the football activity (which they may be reluctanfto Mis 4{@ hamper their
performance) and secondly, the antennas position, near the hody? re of ?ity, is associated
with signal problems, which leads to an increase in posmm ors. OKMscu5510n about which
is the best technology present on the market today i$'no foc @hls study, thus we did not
report a systematic comparison between VTS, m‘ : @'e research could expand on this

and evaluate the strengths and weaknesses of thesg technologies 'mentioned above.
We consider intra-system reha&{ WNe f{%@e@@essary to validate SICS VTS

lt

(Digital.Stadium®). The evaluatio ? ount to its application at top-level
context, as well as in research studies a@ f quality is required. Future studies will
also be able to analyse Aé&dlty of@e ;,Q&gldlogles mentioned above against criterion

’*\\ e 28,33
evaluations such as tuqié ﬁte@\ﬂase radar.gun during specific football circuits, or other

VTS."” Inter-obse @ 1ty®a dmg%%%hmcal tactical tagging might also be evaluated in

future studies
Conclusions

SICS VTS is a performance analysis device widely used at a national and international level
(Serie A, and Euro 2016). The findings reported in this study have an important practical
application since they underlined that all data reported by SICS VTS showed high levels of absolute
reliability. In particular, actions of high intensity, high speed, and power data are usually associated
with low levels of reliability,'® but this study revealed that the SICS VTS is more than capable of

recording this data accurately. Sport scientists should be conscious that accuracy of external load
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data such as high-speed running distance covered and metabolic power parameters are not affected
by intra-system reliability. Therefore, data of this type can be utilised to offer accurate information
necessary for the interpretation of physical performance in football. Such information may be useful
for planning recovery protocols and personalised training sessions (with different training loads on

the bases of the previous workloads carried out).
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Table 1. Reliability data recorded in Team A (14 players) and Team B (14 Players) after replication

of VTS analysis.

Variables Mean of change  Typical Error as ICC R’
(C190%) CV (%)
TD (m) Team A 12.7 0.2 0.99 0.999
(-50.7; +25.3)
TD (m) Team B 21.7 0.2 0.99 0.999
(-57.8; +14.4)

Distance (m) >25 -9.9 0.3 0.99 0.997

w kg'1 Team A (-28.7; +8.8) %
Distance (m) >25 -9.9 0.5 0.99-\@ 0.992

w kg Team B (-36.7; +16.7) Q

Metabolic power -0.03 0.02 @9 0.995
(w kg!) Team A (-0.08; +0.03)

Metabolic power -0.05 0.02 ~ \V O@Q 0.996

(w kg') Team B (-0.10; +0.01) \ ©\

Distance (m) over 1133 %& @@ 0.99 0.997
15Kmh' Team A (-34.5; +7.97) % S S

Distance (m) over 4.97 @ 03N ’0‘@ 0.99 0.998
15Kmh' Team B (-10.9; +2 Q o@

Distance (m) over - K%2Qx 0.99 0.997
20 Kmh™' Team A @? Q}Q} @\

Distance (m) over 02 @ %\Q)l 0.99 0.997
20 Km h™! Team @ 3: 183 @

Distance (m@\/ -bU Q 0.3 0.98 0.981
22 Kmh' Tear& 7; +8.8)

Distance (m) 19- & +9.8 0.3 0.98 0.97
22 Kmh'' Team B (-5.6; +25.2)

Distance (m) over +3.2 0.1 0.99 0.997
22 Kmh™” Team A (-3.2;49.7)

Distance (m) over +2.9 0.2 0.99 0.996
22 Kmh'' Team B (-6.6; +12.5)

ICC = interclass correlation, CV = coefficient of variation, CI = confidence intervals, R%*= variance,

TD = Total distance.
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