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This investigation was to assess the accuracy of the local position measurement (LPM) 
by a semi-auto tracking software (TACTO) using a single video camera. The 
reconstruction of virtual coordinates into real coordinates was made using DLT-2D 
(Planar direct linear transformation), with algorithms adapted from the ISB in ‚MATLAB’ 
software. Seventy-eight digitalization’s were made by six subjects. Correlation coefficient 
of Pearson (r), intra-class correlation coefficient (ICC) and the relative technical error of 
the measurement (ETM) were used to analyze the relationship between coordinates 
obtained. The ICC was 0.974 for x component and 0.984 for y component. The ETM was 
1-1.7% for x coordinate and 0.5-1.0% for y coordinate. The results, demonstrate the intra-
operator and inter-operators reliability of the LPM by TACTO.  
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INTRODUCTION: Video analysis in sports can be used to estimate a player’s displacement. 
From video analysis is difficult to obtained information in real time, and errors from the 
process of digitalization process are a important disadvantages of this method (Edgecomb & 
Norton, 2006). This method uses a semi-automatic tracking and is based on computer 
mouse position on screen. Using different velocities of video clip is possible to follow the 
payers on the screen with some accuracy.  The evaluation of the reliability of this process is 
vital; otherwise the results should be utilized with precaution (Dobson & Keogh, 2007).  
Carling et al. (2008) propose to evaluate intra-user and inter-user reliability of the video 
images analysis system in different exercises when displacement is measured.  Intra-user 
reliability consists of the analysis of the same athlete displacement by the same user at 
different times; whereas inter-user reliability consists of the analysis of the same athlete 
displacement by different users. The methodology used by ‘TACTO’ and ‘2D-DLT’ is based 
on algorithms developed in ‘MATLAB’, which fits-itself in the assembly of systems that lack 
scientific validation and justifies this study. It also complements the work already published of 
validation of coordinates obtained by a dGPS receiver.   
 
METHODS: Six students volunteered to participate in this study. All the participants made 
thirteen digitalizations on different days at different hours using the same video clip and the 
same displacement made by a player in a soccer field. The displacement included an 
assembly of seven exercises, with and without a ball. The procedure was explained to the 
participants and they had a minimum break of one hour between sessions of consecutive 
digitalization.  Each user follows the players (tracking) with the computer mouse (‘semi auto-
tracking’) the middle point between both feet. The ‘x’ and ‘y’ coordinates of all digitalizations 
were used to analyse the correlations between operators and intra operators. 
 
RESULTS: The Pearson (r) correlation between digitalisations was significant, 0.994 ± 
0.005) for ‘x’ components and 0.948 ± 0.047 for ‘y’ component from digitalization inter- 
operators and 0.995 ± 0.002) for ‘x’ components and 0.924 ± 0.059 for ‘y’ component from 
digitalization intra operators. The relative technical error of the measurement (ETM), was 1-
1.7% for x coordinate and 0.5-1.0% for y coordinate between operators. 
 
DISCUSSION: The lower correlation from novice users (less experience on digitalization 
technique) emphasises the importance of the experience of digitalization for more 
consistency and reliability during tracking.  The values indicate good intra-user consistency 
(> 0.900) in agreement with previous studies (Collins & deLuca, 1993; McInnes et al., 1995; 

The values of HD and HM measured through the dynamometric and kinematic methods were 
strongly correlated. When compared to the kinematic method, the new method presented a 
mean error of approximately 1%, which can be considered low since the force plate itself 
present an error of 1%. In addition, the new method has shown to be a relatively fast and 
easy way of measuring HD and HM, since it does not requires a digitalizing process. A 
disadvantage of this new measurement is that it does not provide a description of the sailor’s 
joint angles. However, Mackie (2003) affirmed that the joint angles during sailing are a less 
important factor than HD e HM, which have been considered the main indicative of a good 
performance (Maïsetti et al., 2002; Mackie, 2003; Tan et al., 2006). 
It is important to highlight that this method does not take into account the real conditions of 
sailing, such as wind and waves, which probably would influence the strategy used by the 
sailor to control the boat (Bojsen-Møller & Bojsen-Møller, 1999). 
 
CONCLUSION: A dynamometric method for the evaluation of hiking in Laser boats through 
the use of force plates was developed in this study and its results were compared to those 
obtained from a kinematic analysis. A very high correlation was observed between the 
methods and the mean error found is considered acceptable for both hiking distance and 
hiking moment. Therefore, the new method seems to be valid and efficient since it measured 
the variables in a fast and precise way, facilitating the analysis and assisting sailors and 
coaches on decision taking. 
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The purpose of this study was to compare two nonlinear camera calibration methods for 
3D underwater motion analysis. The DVideo kinematic analysis system was used for 
underwater online data acquisition. The system consisted of two gen-locked Basler 
cameras working at 100Hz, with wide angle lenses that were enclosed in housings. The 
accuracy of both methods was compared in a dynamic rigid bar test. The mean absolute 
errors were 1.16mm for wand calibration, 1.20mm for 2D plane calibration using 8 control 
points and 0.73mm for 2D plane calibration using 16 control points. The results of both 
nonlinear camera calibration methods provided better underwater accuracy than all 
previous papers reported in literature. Both methods provided similar and highly accurate 
results, providing promising alternatives for underwater 3D motion analysis. 
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INTRODUCTION: Nowadays, the accuracy of 3D kinematic systems is greatly improved 
using nonlinear camera calibration methods. The wand calibration method is offered by the 
vast majority of 3D system manufacturers. This method is based on the DLT equations to 
determine the initial camera calibration parameters and on the bundle adjustment, a 
nonlinear optimization, to compute all camera calibration parameters (Cerveri et al., 1998). 
Another alternative for an accurate camera calibration is the 2D plane calibration method. 
This method uses the closed-form solution to determine the initial intrinsic and extrinsic 
parameters. A nonlinear optimization technique, the maximum likelihood criterion is used to 
refine all the parameters including lens distortion (Zhang, 2000). In previous works, accurate 
results were found out of the water (Silvatti et al., 2009) and underwater (Silvatti et al., 2010) 
using the 2D plane non-linear camera calibration method. The aim of the present study was 
to investigate the accuracy of wand and 2D plane non-linear camera calibration methods for 
3D underwater analysis. 
 
METHODS: The DVideo kinematic analysis system (Figueroa et al., 2003; Silvatti et al. 
2010) was used for underwater online data acquisition. The system consisted of two gen-
locked Basler cameras working at 100Hz, with wide angle lenses (8mm focal length) 
enclosed in waterproof housings (figure 1a). In order to perform the wand calibration (table 
1), an orthogonal waterproof triad (1m1m1m) was built to determine initial extrinsic and 
intrinsic parameters using DLT equations. Nine spherical black markers (35mm) were 
screwed onto it (figure 1b).  All the holes were obtained by a computer numerical control 
machine (CNC). The 3D coordinates of the markers were known with accuracy of about 
10m. The moving wand, carrying one marker at its end (figure 1b), was acquired in the 
whole working volume (4.511.5m3) during 15 seconds. Two hundred and fifty useful 
frames  were opportunely extracted from the whole sequence to refine the initial parameters 
into a bundle adjustment nonlinear optimization, which uses control points with both known 
(triad markers) and unknown (wand marker) 3D coordinates. The bundle adjustment 
iteratively estimates the parameters of all the cameras along with the unknown 3D 
coordinates by minimizing the 2D projection error (measured vs. predicted by the camera 
model) on the image. In our method, just one marker was utilized because of the 
simplification of the tracking during the acquisition sequence. Commonly, commercial 
systems (Smart, BTS. SpA, Italy) utilize two markers at the ends of the rigid bar including the 

Hopkins, 2000; Squeaked et al., 2000; Carling et al., 2008). The intra-class correlation 
coefficient (ICC) was 0,995 correspond of a ‘excellent consistency’ presented by Collins and 
deLuca (1993) and Squeaked et al.  (2000). The dimension of the ETM for the coordinates ‘x’ 
and ‘y’, obtained in the successive digitalisations carried out by each user, and the 
coordinates obtained in the first digitalization (on average between 1.0 and 1.7% for the 
coordinate ‘x’ and between 0.5 and 1.0% for the coordinate ‘y’) are clearly lower than the 5% 
defined by McInnes et al., (1995) and MacLeod et al.,(2009) being also lower than the 2,4-
3,3% obtained by Edgecomb and Norton (2006) in the evaluation of intra-user consistency.  
 
CONCLUSION: The high Pearson’s correlation coefficient (r) values, the intra-class 
correlation coefficient (ICC) and the relative technical error below 2% indicated an excellent 
intra-user and inter-user consistency.  These results highlight the value of this low-cost 
system for obtaining soccer players’ displacements as well as the potential to be applied to 
other sports and in places such as the inside of buildings where is not possible to use GPS 
receivers. The elevated correlation reveal a small systematic errors introduced by the 
different techniques utilized by the users, the eyes - hand coordination, of the visual 
sharpness and of the standards of concentration don’t change the accuracy of tracking from 
different operators. The excellent intra-user consistency indicates the value of this 
technology in digitising displacement. 
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