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Validation of a Manual Position Tracking Software
(TACTO) to Quantify the Football Movements
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Abstract The aim of this study was to present a validation protocol using a global positioning system with real-time
differential correction (dGPS) to assess the validity and the reliability of a semi-auto tracking software (TACTO) used to
quantify the movement patterns of football players. In order to obtain the 2D coordinates of the movements of a player from
the virtual coordinates, the TACTO software was used twice, first for calibration (the virtual coordinates of a set of reference
points at the game surface were collected, corresponding to points with known real coordinates) and then for digitalization
(reconstruction of coordinates). The reconstruction of virtual coordinates of the player into real coordinates was carried out
using DLT-2D, with algorithms developed in MATLAB’ software routines. The coordinates obtained by this methodology
were compared to the coordinates obtained by dGPS receiver. The validity and the intra-user and inter-users reliability of the
methodology used were proved by all the statistical parameters used (the relative technical error of measurement (ETM), the

Pearson coefficient (r), and the intra-class correlation coefficient ( ICC))
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1. Introduction

Since Reilly and Thomas [1], early study in monitoring
football players, the interest and timeliness of this topic has
been demonstrated by research conducted by several teams
[2-12] over the last decades. Several published works have
focused on circuits designed to simulate typical situations of
a football game, characterized by movements at different
speeds, from walking to maximum speed (sprint), frequently
without ball, including quick change of direction [1, 6, 13].

The two main systems used for game analysis, in the
different sports, are based on video images analysis and GPS
technology [14].

The camera calibration procedures and the tri-dimensional
reconstruction of the coordinates were initially proposed by
Abdel-Aziz and Karara [15] and are known as Direct Linear
Transformation (DLT). The position of an object on the
plane, in relation to a reference, is defined with the help of
two independent coordinates, such as the rectangular
coordinates (x and y), in relation to the time (t). The aim of
this approach is to transform the images in order to obtain
two-dimensional spatial coordinates (2D-DLT), which
results in a simplification of the parametric equations
proposed by Abdel-Aziz and Karara [16], thus eliminating
the need for camera synchronization [17].
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The difficulty in obtaining the information in real time and
errors during the image digitalization is an important
disadvantage of this method [3]. Small systematic errors can
be introduced by the different techniques used, at the level,
for example, of the eyes - hand coordination, of the visual
sharpness and of the standards of concentration [3].
Furthermore, traditional methods of motion analysis require
operators tracking the positions within the video, which is
extremely labour intensive and a major step back in relation
to existing auto-tracking systems [6].

Various commercial systems based on processing of video
images exist on the market. The systems for the collection
and processing of information in team sports can be
relatively expensive in particular the "AMISCO Pro®" and
the "ProZone™ systems [6]. The need for permanent
placement of various cameras in the stadium at previously
studied fixed positions, and the associated high cost are
limitations to their acquisition and open new perspectives for
alternative systems of significantly lower costs. The
“TACTO” (“Tool for Applied and Contextual Time-series
Observation”) software developed by Fernandes [18] in
Visual Basic — version 7.0 for analysis of the positions is a
relatively economical and simple solution. In general, these
systems require the validity and reliability evaluation.
Reliability and validity are very important for measuring
error during digitalization and coordinates transformation
[19-20]. Jennings et al. [21] and Waldron et al. [22] are
examples of previous published test protocols to evaluate the
validity and reliability of tracking systems. Carling et al. [6]
stressed that it is important to evaluate intra-user and
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inter-user reliability of the video images analysis system in
each kind of exercise in which displacement is measured.
The study of Duthie et al. [20] is one of the few published
papers dedicated exclusively to the evaluation of the
reliability of the digitalization process. Dobson and Keogh
[19] and Carling et al. [6] have expressed some concerns
about the scientific validity of the accuracy and the reliability
of different systems of obtaining coordinates by
digitalization of video images.

Several studies have tested the validity of commercial
GPS receivers to characterize the types of movements made
by football players [14]. Coutts and Duffield [23] concluded,
however, that this system can not be sufficiently accurate in
situations involving high speeds or frequent changes in speed
or direction. On the other hand, the GPS technology with
real-time differential correction (DGPS-RTK), used
especially in works of topography provides an accuracy of a
few centimeters in positioning [24], being suitable for
validation of other tracking systems [2]. Therefore, the main
purpose of this study was to present a validation protocol

using a global positioning system with real-time differential
correction (dGPS) to evaluate the "TACTO-DLT-2D"
methodology for obtaining kinematic parameters for
monitoring the movement patterns of the football players.

2. Material and Methods

2.1. Measurements

The sampling of this study was made from several time
series of coordinates, obtained by digitalization of video
images (virtual coordinates) and coordinates obtained from
the dGPS-RTK receiver (real coordinates).

2.2. Procedures

The aim of validation (Figure 1) is to demonstrate the
validity and the reliability of the system [6]. The validity
consists in comparing the system under study (TACTO) with
a reference system. The accuracy of dGPS technology makes
it an ideal tool for this purpose [24-25].
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This study was conduct using a circuit installed in the
middle of a football field, included seven exercises (Figure
2), to reproduce standard displacements carried out by a
player during a football game, based on indications of Reilly
and Thomas [1], Carling et al. [6] and Reilly and Gilbourne
[13]. Three of these exercises included movements with ball
(driving, pass and shot) and four other exercises without ball
at different speeds: slow speed (stations E3, E4 and E7) or
sprint (stations E1, E2, E5 and E6). Lateral displacements
and shifts still to the rear running, both with sudden changes
of direction were included in each of these categories. One
moderately trained male player (age 20 years) equipped with
a dGPS-RTK receiver (Figure 3) completed three laps of the

circuit. The dGPS-RTK receiver data (differential correction
station and mobile antenna) was sampled at 1 Hz and
analyzed by Trimble™ software (Trimble Navigation
Limited). Player’s displacement coordinates (latitude,
longitude and altitude, with reference to the World Geodetic
System, WGS 84) and the corresponding time were
quantified. These coordinates were transformed according to
a Cartesian “x-y” reference system using a rotation matrix
relative to the reference frame of the field.

The experiment was carried out on a clear day and with
8-10 detected satellites, thus allowing for perfect operation
of the dGPS during the whole day.
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Figure 3. Differential correction station (dGPS) (top) and the football player equipped with mobile GPS antenna (bottom)

A fixed camera placed on one of the stadium's lighting
towers collected images of the pathways of the player. The
images captured by the cameras were stored digitally using
the Audio Video Interleaved (AVI) format. The coordinates
from the video images were obtained through digitalization
using the “TACTO” software with a sampling frequency of
25 Hz.

Six students (age 20.2 + 0.8 years) volunteered to
participate in the digitalization process of this study
(reliability). Each one of these students carried out thirteen
digitalizations on different days (test-retest), during two
weeks at different hours, using the same video images. The
procedure was explained to the participants and they had a
minimum break of one hour between sessions of consecutive
digitalization. Each user followed the player by tracking a
middle point between both feet on the ground, corresponding
to the approximate location of the projection of the center of
gravity on the ground. These coordinates were filtered using
a digital second order Butterworth filter with a cut off
frequency of 6 Hz to minimize the error inherent in the
digitalization process [26]. The direct linear transformation
2D (DLT-2D) was used twice with algorithms developed in
“MATLAB” software routines, first for calibration (the
virtual coordinates of seven reference points at the game
surface were collected, corresponding to points with known
real coordinates) and then for digitalization (reconstruction
of coordinates). This process transforms the virtual
coordinates of the player (obtained through tracking on the
monitor, in pixels) into real coordinates (in meters).

2.3. Synchronization of the Systems

Filming of the dGPS- RTK receiver screen at the end of
the data collection, provided a means for establishing the
temporal correspondece between the time read by the
dGPS-RTK receiver and the time registered by the video
camera. Thus it was possible to have the coordinates
obtained by the two methods (dGPS-RTK and digitalization
of video images) on the same time reference (time
synchronization). Given the difference in the sampling rates
(1 Hz in the case of dGPS-RTK receiver and 25 Hz in the
case of the video image digitalization), a “MATLAB”
routine was created that searchs and identifies the records

obtained by dGPS-RTK system that correspond, in terms of
sampling rates, to the coordinates obtained in the process of
digitalizing of the video images in the set of three laps of the
circuit completed by the football player (sampling rates
synchronization).

3. Results and Discussion

3.1. Validity

Table 1 shows the values of the coefficients of
determination (r*) in linear regression analysis between the
coordinates obtained by dGPS receiver and coordinates
obtained by digital video images (mean of 78 digitalizations).
The values were 0.998 for the x-coordinate and 0.999 for the
y-coordinate. The ETM changed from 2.01 to 2.53 % for the
x-coordinate and from 1.09 to 2.08 % for the y-coordinate.

Figure 4 illustrates the coordinates collected by dGPS
receiver and video images digitalization after application of
“TACTO-DLT-2D” methodology during one of the circuit
laps made by the football player. For an applied viewpoint,
the mean expected absolute difference between coordinates
measured by the two systems is 0.70 + 0.29 m.

Table 1. Linear regression analysis between the methods of obtaining
coordinates (dGPS receiver and digital video images)

Coordinate o B r F (1343 p

“x” 0.525+0.070 0.983+0.002 0.998 211376.5 0.000

“y”? -0.012+0.049 0.997+0.001 0.999 594406.2 0.000

In linear regression analysis, r* values very close to "1"
show a good fit between the the linear model results and the
observed experimental data. The slope of the line
(coefficient B) around "1" and the intercept (or linear
coefficient a)) of around "0" validate the scan system’s ability
to obtain the coordinates ("x" and "y") and reproduce the
actual positions covered by the player.

The ETM results in this work were less than 3% on both
coordinates, which, according to Edgecomb and Norton [3]
and Mclnnes et al. [28], demonstrate a good degree of
approximation to the real path values.



32 Jodo Serrano et al.:

Validation of a Manual Position Tracking Software

(TACTO) to Quantify the Football Movements

_t Py ""’_iwl’-_t
g
B0 + 5
+
—i < ;{Nﬂ.
50 w0
4 C
40 -+
. ++
E K *
= 30
+
k’+J£“'
+ o
*g ;‘* e by
20 " o+
++ * ﬁ-
+
‘9
10
_*:F
@ . |™
]
0 10 20 a0 a0 50 (1] 70 a0 a0 100
¥ (m)

Figure 4. Coordinates collected by dGPS receiver (.) and video images digitalization (+), during one of the circuit laps made by the football player

3.2. Reliability

The correlation between thirteen digitalizations of each
participant (intra-user reliability) was significant and the
medium value of the correlation coefficient of Pearson (r) for
intra-user and inter-users correlation changed between 0.993
+0.007 and 0.998 £ 0.001 for the x-coordinate and between
0.952 + 0.064 and 0.991 £ 0.007 for the y-coordinate (Table
2).

Table 2. Mean =+ standard deviation of correlation coefficients between
all digitalizations of each participant

Participant Coordinate “x” Coordinate “y”

1 0,997 + 0,002 0,984 + 0,009

11 0,995 + 0,004 0,969 + 0,031

1 0,998 + 0,001 0,989 + 0,007

v 0,993 + 0,007 0,952 + 0,064

\'% 0,995 + 0,004 0,965 + 0,043

VI 0,998 + 0,001 0,991 + 0,007

The ETM between the first and the following

digitalizations (intra-user reliability) carried out by each
participant changed from 0.53 to 2.74 % for the x-coordinate
and from 0.32 to 2.30 % for the y-coordinate (Tables 3 and
4).

The ICC values obtained in both coordinates correspond
to the classification excellent consistency [29-30]. The
dimension of the ETM values (less than 2% for all operators
in successive digitalizations) is clearly lower than the 5%
defined by Mclnnes et al. [28] and used by MacLeod et al. [8]
as the limit below which the results are considered to have

good consistency. It is also lower than the 2.4% obtained by
Edgecomb and Norton [3] in the evaluation of intra-user
reliability. The high values obtained for the correlation
coefficients and ICC (close to “1”) associated with the ETM
values demonstrate the reliability of this methodology.
Finally, the ICC values for all 78 digitalizations carried
out by the six participants (inter-user reliability) were 0.980
for the x-coordinate and 0.985 for y-coordinate (Table 5).

Table 3. The relative technical error of measurement (ETM, %) of “x”
coordinate: comparision between the coordinates obtained in the first
digitalization and the coordinates obtained in the following digitalizations
by each one of the six participants (I-VI)

Digit. 1 I I v A\ VI
2 1.66 1.00 1.24 1.66 1.26 0.90
3 1.18 1.11 1.14 1.32 1.37 1.31
4 1.42 2.44 1.12 2.04 0.94 0.99
5 1.58 1.26 1.13 1.40 1.13 1.07
6 1.42 2.25 1.04 1.49 1.17 1.01
7 1.12 1.45 1.45 0.98 0.98 1.38
8 1.56 0.95 1.01 1.61 1.35 1.23
9 1.20 1.15 0.86 2.74 1.00 0.53
10 1.21 1.30 1.24 1.45 2.17 0.96
11 1.06 2.16 0.99 2.44 2.17 0.96
12 0.85 1.59 1.24 1.85 1.11 0.70
13 1.26 1.84 1.08 1.63 1.11 1.02

Mean+SD 1.29+0.24 1.54+0.51 1.13+0.15 1.72+0.49 1.31£0.42 1.00+0.24

Digit. —Digitalization; SD- Standard deviation.
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Table 4. The relative technical error of measurement (ETM, %) of “y”
coordinate: comparision between the coordinates obtained in the first
digitalization and the coordinates obtained in the following digitalizations
by each one of the six participants (I-VI)

Digit. I I 111 v v VI
2 0.99 0.47 0.71 0.80 0.94 0.50
3 0.71 0.67 0.76 0.82 0.70 0.76
4 0.82 1.77 0.69 1.07 0.56 0.49
5 0,98 0,70 0,61 0,72 0,92 0,53
6 0,90 1,61 0,80 0,80 0,84 0,53
7 0,53 0,62 0,81 0,48 0,67 0,70
8 0,94 0,50 0,65 0,81 0,82 0,60
9 0,70 0,70 0,74 2,30 0,70 0,32
10 0,87 0,67 0,79 0,80 1,63 0,69
11 0,71 1,40 0,52 1,79 1,63 0,54
12 0,54 0,79 0.64 0.96 0.84 0.47
13 0.62 0.94 0.80 0.79 0.77 0.64

Mean+SD 0.78+0.16 0.90+0.44 0.71£0.09 1.01+0.51 0.92+0.35 0.56+0.12

Digit. —Digitalization; SD- Standard deviation.

Table 5. Intra-class correlation coefficient (ICC) for “x” and “y”
coordinates, of the set of 13 digitalizations (k) carried out by the 6 users (n)

Coordinate n k SMS RMS EMS ICC

“x” 6 13 1402.348 12.652 0.168 0.980

“y” 6 13 870.576 4.959 0.252 0.985

SMS-average square between operators; RMS- average square betwen
digitalizations; EMS- average square of error.

3.3. Study Limitations

Since in official competitions, the athletes are not allowed
to carry electronic components, and the fact that the GPS
antenna looks very hindering for a football player, an actual
game was not considered for the collection of data, which
one can be pointed out as a major limitation of this study.
The randomness or unpredictability of the game allows for a
diversity of typical situations in real context, which would
lead to a more ecological approach.

On the other hand, the different sampling rates used by the
two systems (1 Hz in the case of dGPS-RTK receiver and 25
Hz in the case of the video image digitalization), may pose
greater difficulty in the synchronization process.

Finally, the "TACTO-MATLAB" methodology used in
this study, based on the reconstruction of coordinates in two
dimensions ("2D-DLT"), obtained from images captured by
a fixed video camera located above the football field is a
simplification of the "3D-DLT" methodology applied to
sports where the movement occurs essentially in one plane,
as is the case of football. However, this approach does not
consider the movements that occur in the vertical plane,
which may be especially important in a specific analysis of
the movement, particularly in the evaluation and
improvement of technical skills.

4. Conclusions

The linear regression analysis show a good fit between the
linear model and the experimental data, which, associated
with low values of dispersion indicator (ETM), demonstrate
a good degree of approximation between coordinates
obtained by digitalization and the real path values. The high
values obtained for the intra-user and inter-users correlation
coefficients and ICC between digitalization associated with
the low ETM values also demonstrate the reliability of this
methodology.

The wvalidity and reliability of the low-cost
“TACTO-DLT-2D” system for obtaining coordinates of
football players, demonstrated by all the statistical
parameters used, including regression analysis, correlation
and error of determination, opens good perspectives for the
generalized use of the methodology in other sports and in
places such as inside of buildings (futsal, handball,
basketball, etc.) where it is not possible to use GPS receivers
due to inaccessibility of satellite signals inside buildings.
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