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Performance Monitoring Using Global Positioning Satellite(GPS)
              – a  pilot study tracking the movements of a referee. 
                         Declan Gamble – SINI Physiologist
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Introduction





Historically, coaches and sports scientists have used observations of speed, time and distance covered to monitor the performance of athletes in training and competition environments.  Moreover, developments in technology have allowed for these basic measures to be complimented with ‘real-time’ heart rate and blood lactate information.  Also, the use of performance analysis amongst athletes and particularly coaches has grown dramatically in recent years and this has been facilitated by the emergence of complex video and computer systems such as ProZone and the production of dedicated analysis software packages including Focus X2 and Silicon Coach.  Presently, athletes and coaches are beginning to embrace the innovative developments in performance monitoring by utilising Global Positioning Satellite (GPS) tracking.  This new system allows performance monitoring and analysis to be combined, which can therefore enable the sport scientist to “more accurately describe and analyse the activity patterns and physiological demands of sporting activities” (Pederson et al. 2004).





Background to the study





The pilot study originated following discussions with Scott Drawer during an update on UK Sport’s Research and Innovation strategy, which he presented to staff at the Sports Institute Northern Ireland (SINI) last summer.  It emerged that an athlete tracking device was being piloted by a number of sports to determine its utility and SINI expressed an interest in participating in this trial.  The arrival of the GPS device coincided with a performance monitoring study that was being conducted with inter-county Gaelic football referees by Dr Eugene Young (high performance manager) and Denise Martin (performance analyst).  





Specifications and referee preparation





The Sports Performance Indicator (SPI 10), developed by GPSports, Canberra (Figure 1) uses performance information, transmitted from a series of orbital satellites at 1 Hz (every second), to determine speed, position, altitude and distance travelled.  Thus the SPI 10 must be located outdoors with a clear view of the sky to function properly.  A chest strap can also be used to simultaneously transmit heart rate information to the unit.  Up to 160 minutes of performance data can be recorded with a fully charged battery.  The physical dimensions of; 110 mm (L) x 52mm (W) x 25 mm (H) and mass of 110 g, allowed the SPI 10 to be placed into a harness that positioned the device between the shoulder blades of the referee prior to the game.  Fortunately, the game was played on a dry summer’s day as the SPI 10 was not waterproof and could not have been used in wet weather conditions.





Results





Following the game the summary information captured was reviewed on the digital display, and was subsequently downloaded to a computer for a more comprehensive evaluation.  The graphical representation (Figure 2) illustrates the referee’s movement patterns , which are classified into four distinct speed zones, yellow (0-7 km/h), blue (7-12.0 km/h), red (12-16.0 km/h) and purple (>16.0 km/h).  Movement speeds ranged from 0.0 km/h (stationary) to 24.1 km/h (maximal sprinting).  The referee travelled a total distance of 8.1 km (Figure 3), with ~4.5 km covered in the low to moderate intensity zone (0-12.0 km/h), whilst ~3.7 km was covered in the high to maximal intensity zone (>12.0 km/h). The speed results and associated heart rates are illustrated together (Figure 4). The average heart rate for the duration of the game was 165 beats.min-1 (range 122-192). The referee performed ~78 sprints, lasting between 1-10 seconds (Figure 5), during the game and ~39 were performed in each half (Figure 6). 











Dissemination of results





The results of the study were presented to inter-county referees during the Ulster Council’s Coaching and games Development Symposium, which was held in November of last year.  During the presentation discussions on traditional training programmes revealed that referees generally used low to moderate intensity cardiovascular exercise, 2-3 times per week, as the basis of their physical conditioning.  Surprisingly, the majority of referees in attendance did not include any high intensity or ‘repeated sprint’ intervals in their conditioning programmes.  This was in stark contrast to the activity profile of the referee illustrated by the results.  This finding suggested that the current conditioning programme’s of referees was insufficient, as they did not recreate the physiological demands of refereeing a game.  Accordingly, it was emphasised that sufficient levels of fitness would enable referees to keep up with play, and consequently be in the right position to make decisions.  Appropriate conditioning can also contribute to delaying the onset of fatigue, which is important to allow concentration to be maintained throughout the game and hopefully facilitate the referee making the correct judgement in critical situations.  Therefore, increases in fitness can potentially enhance the overall performance of referees.  Consequently, referees like athletes, need to be conditioned according to the energy demands of their activity.  This principle is termed specific metabolic conditioning (Santana et al. 2002) and is based upon the established theory of training specificity.   








Importantly, the findings of the preliminary study, has influenced the decision of the referee’s association to develop conditioning programmes, that would encompass the specific movement patterns and physiological loading that occurs in games.





Summary





In summary, the SPI 10 provided objective information from the sporting environment, which enabled a conditioning programme to be designed to better reflect the energy demands of refereeing a game of Gaelic football.  This process can be directly applied to multi-sprint athletes to optimise their conditioning programmes, in an effort to reflect their sport, position and level of competition.  At SINI, the potential of integrating this system into the physical preparation of multi-sprint sports including Gaelic football, hockey and rugby is currently being investigated.  Moreover, the system can also be used to provide detailed training and competition information for individual sports such as athletics, cycling, rowing, sailing, and triathlon and future interventions should provide evidence of the efficacy of this device.  
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Figure 1: The SPI 10








The study was examining the appropriateness of referee decisions and it was envisaged that the activity profile from the GPS unit would compliment this process (i.e. was the referee in the right place to make each decision).  Following Governing Body approval the referee agreed to wear the device during the Ulster Minor Football Final that was played at Croke Park in July last year.








Figure 2: Referee movement profile during the game








Figure 3:Total distance covered within each speed zone








Figure 4: Speed and heart rate results








Figure 5: Incidence and duration of sprints








Figure 5: Incidence and duration of sprints








Figure 6: Distribution of sprints
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