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1.1. Technologies for club management  

All Health Clubs, Gyms, Gyms, CrossFit Boxes, Studios, among other places, need 

to acquire management software. That software is necessary and can help in the 

control and financial management, control and management of users, control and 

management of grou p classes, among other needs that sports facilities may have. 

Thus, there are several companies on the market offering different management 

software. All this software is different and has different management tools, as well as 

different functionalities an d costs. 

 

RegiBox  is a management software that belongs to the company RegiProf, which 

appeared in mid of the year 2015. The RegiBox software emerged in order to respond 

to a necessity, supporting classes scheduling from a smartphone or a computer. 

Current ly, this software covers all the needs of a CrossFit Box, namely, from the 

management of athletes to financial management, scheduling classes, programming 

and training planning, recording athletes' results, among others. Another advantage 

of this software is the possibility of creating events, as well as managing them. These 

events can be race events, CrossTraining events, among others that need to have a 

classification. One of the most significant disadvantages of this software is that it is 

mainly directe d to CrossFit Boxes. This is a disadvantage for a Gym or Health Club that 

would like to purchase this software because all it handles is directed to a Box 

(RegiprofGroup, 2020a , 2020b ); furthermore, the use of this software is through a 

website.  

 

Health Center  is a software belonging to the company CEDIS. CEDIS is a 

company that was created in 1993 and was the first company (e.g., in Portugal) to 

consult and develop software for sports facilities management. This software was 

created to be able to manage all ty pes of sports facilities. This software allows the 

management of customer payment control, financial management, activities of sports 

facilities, entry and exit of clients, management of employees, among others. It is 

computer software, which needs a good understanding of most users. Extremely 

complete, likewise, complicated software. The most significant disadvantage of this 
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software is linked to its degree of utilities, that is, for more specific management of 

certain situations, i.e., Spa, management of group class tickets, and physical 

assessment, it requires these packages to be purchased separately. In order, when all 

these components are affordable, it is a complete software (PROINF, 2020). 

 

FitogramPro  is a software that was created through the union of two other 

software. The creation of this software aimed to assist small sports facilities, 

specifically, Yoga studios, Boutique Gymnasiums and Small gymnasium s. This 

software allows proper management of clients, contracts with clients, scheduling 

classes, and also contains a financial management tool. It has the advantage of being 

quite simple to use, but it will be an incomplete software for large sports facil ities 

(FitogramPro, 2020 ). 

 

Training Gym  is a software developed for Gyms and Fitness Clubs, intending to 

improve t he customer's experience in the gym. It is a straightforward software to use, 

where it offers a smartphone application for the gym or fitness club clients. In this 

application, directed to the client, it is possible to book classes, receive assessment 

repo rts generated after the physical assessments and also receive training plans. This 

software also allows easy communication between gym workers and clients. The great 

advantage of this software is its simple use and gives the possibility of having excellent  

management over the clients, since it makes all the interaction between the client and 

the manager quite simple, and improves the communication between both, which 

improves clients' experience. Its disadvantage is that it only has these features. It does 

not contain any other type of functionality, so in order to manage other essential parts 

of the Gym's or Fitness Clubs, managers have to buy other software (Trainingym, 

2020). 

 

Management Software  

 RegiBox 

 Health Center  

 FitogramPro  
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 Training Gym  

 

Table  1.  Management software . 

Software  
Practical 

Applicability  
Cost  Reliability  Utilities  

RegiBox  3 2 5 2 

Health Center  4 3 5 5 

FitogramPro  4 2 5 2 

Training Gym  4 2 5 1 

Legend:  Practical Applicability: 1 - Very Low; 2 - Low; 3 - Reasonable; 4 - Practical; 5 - Very practical. Cost: 

1 - Very Low; 2 - Low; 3 - Reasonable; 4 - High; 5 - Very High. Reliability: 1 - Very Little; 2 - Little; 3 - 

Reasonable; 4 - Reliable; 5 - Very Reliable. Utilities: 1 - Very Few; 2 - Few; 3 - Some; 4 - Many; 5 - Complete.  
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1.2. Technologies for physical evaluation, physical tests, injury 
prevention, health , and medical technologies  

1.2.1. Heart Rate  

The Heart rate (HR) is a direct measure and expresses the heartbeat, which can be 

measured before, during , and post -training or at any moment during physical activity. 

The theoretical maximal Heart rate (HRmax) can be calculated using different 

formulas, being the most common 220 - age. However , it should be noted that there 

may be inter and intra -individual variability that will lead to a wrong extrapolation of 

the data fou nd through calculations or submaximal tests (ACSM, 2013). The HR 

measurement is usually made through a band placed on the chest area or by using an 

accessory set on the wrist area (Gillinov et al., 2017), which is, therefore,  ready to use 

and user-friendly. In this way, the value of heartbeats per minute is provided instantly.  

 

Taking into account all the aspects mentioned above , HR is a measure that is 

recommended to be used as a quantifier of exercise intensity, due to its easy access 

and use. Therefore, this can be quantified through the reserve HR (HRmax - HRrest) or 

the HRmax, obtaining values indicating in which intensity level, light, moderate or 

vigorous , the training is.  

 

Table 2. Description of the percentages and relative intensity of HRreserve and 

HRmax. 

Intensi ty  HRreserve  HRmax  

Light  30% e <40% 57% e <64% 

Moderate  40% e <60% 64% e <76% 

Vigoro us 60% e <90% 76% e <96% 

Near Maximum  >90% > 96% 

Adapt ed from  ACSM (2013). Guidelines for exercise testing and prescription  

 

That said, HR can also be accompanied, for example, by blood pressure and/or 

ª^®k ~p §kªgks´ki k¶kª®s~| ^s{s|q ®~ ~f®^s| fk®®kª g~|®ª~z ~p ®rk kpp~ª®í« s|®k|«s®· «s|gk 
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one of its disadvantages is to have a long response when faced with intermittent high -

intensity stimuli (Tschakert et al., 2015). 

 

Considering the two types of HR measurement, the chest band or a wristwatch, it 

should be noted that the assessment through the chest band has better reliability and 

a lower error when compare d to the wristwatch , for example. This is probably due to 

the fact that the new HR monitors through wristwatch do not measure cardiac electrical 

activity, on the contrary, they are based on photoplethysmography, that is, the monitor 

illuminates the skin wi th an LED and measures the amount of light reflected in the 

photodiode sensor (Gillinov et al., 2017 ), which allows detecting variations in blood 

flow caused by cardiac contraction. Moreover, these HR monitors may have other 

sources of errors , such as the movement of the upper limbs, misalignment between 

the skin and the optical sensor, variations in colour  and / or skin tone, ambient light , 

and poor tissue perfusion (Alzahrani et al., 2015). Even so, this way of controlling 

intensity is valid and reliable and recommended for activities such as running, cycling , 

and elliptical, fo r continuous and moderate intensities, as well as for quantifying daily 

activity in young and physically active populations. On the other hand, no evidence 

was found regarding the overweight and obese population, or Intermittent high 

intensities  (El-Amrawy & Nounou, 2015 ; Stahl et al.,2016). 

 

Practical applicability å  

Cost å 

Reliability  å  

 

1.2. 2. Rate of Perceived Exertion  

The Rate of Perceived Exertion (RPE) is an indicator that measures the tolerance of 

individuals to exercise  (ACSM, 2013). It is a scale that was developed for one to 

«¯fxkg®s´kz· ^««k«« ®rk pkkzs|q i¯ªs|q ®rk k¶kªgs«kÏ ®^ys|q s|®~ ^gg~¯|® ~|kí« ~µ| zk´kz 

of fitness and level of fatigue.  For this purpose,  two scales are commonly used: the 

original Borg 6 -20 scale, where specific  phrases correspond to specific  numbers; and 

the OMNI 0 -10 scale, which in addition to numbers and corresponding phrases also 

has an image reflect ing  the type of  effort.  On the original Borg 6 -20 scale, numbers 6 
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and 7 were classified as No exertion at all, 8 as Extremely light, 9 and 10 as very light, 

11 and 12 as light, 13 and 14 as somewhat hard, 15 and 16 as hard (heavy), 17 and 18 

as a very hard, 19 as an extremely hard and 20 as a Maximal exertion activity.  

 

Table 3. Description of Borg´s Scale and respective exertion levels . 

 Borg 6 -20 scale  

6 
No exertion at all  

7 

8 Extremely light  

9 
very light  

10 

11 
Light  

12 

13 
somewhat hard  

14 

15 
hard (heavy) 

16 

17 
very hard 

18 

19 extremely hard  

20 Maximal exertion  

Adapt ed from  ACSM (2013). Guidelines for exercise testing and prescription  

 

On the OMNI 0 to 10 scale, the number has a classification associated with a figure, 

with 0 being an extremely easy activity, 1 and 2 an easy activity, 3 and 4 a somewhat 

easy activity, 5 and 6 a somewhat hard activity, 7 and 8 hard activity, 9 and 10 

extremely hard activity. The associated image will vary depending on the activity, with 

the following examples being the OMNI -Cycle scale for cycling and the OMNI -RES 

scale for strength training.  

The RPE is a scale of effort intensity with the following advantages:  

i) easy access;  

ii) low monetary cost;  
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iii) possibility of use during activity;  

and disadvantages:  

iv) indirect;  

v) subjective;  

vi) decreased effectiveness when used in untrained persons.  

 

 

Figure 1. The OMNI -RES scale for strength training (top picture) and OMNI -Cycle scale for cycling . 

 

Despite being a tool that has positive correlations with physiological variables such 

as lactate (Aniceto et al., 2015 ; Psycharakis, 2011; Scherr et al., 2013), HR (Psycharakis, 

2011; Rodriguez -Marroyo  et al., 2012; Scherr et al., 2013), and VO2 (Evans et al., 

2014), it is suggested RPE to be used based on three points: i) the maximum test to 

be associated with the activity in question; ii) familiarization to the scale associated 

with the maximum test; iii) performed tas k known to the participant.  Respecting to 
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these details,  it becomes  possible to overcome some of MJ/í« disadvantages and thus 

enhance its effectiveness, leading to a greater validity when RPE is taught and shown 

during the activity  (Aniceto et al., 2015 ). 

 

The RPE exists mostly to monitor the effort during cyclical and of longer duration 

activities, where its reliability is naturally higher, such as swimming (Psycharakis, 2011), 

running  (Coquart & Garcin, 2007 ), and cycling  (Green et al., 2006 ; Katsanos & Moffatt, 

2005). However, its validity also ex ists in activities of anaerobic predominance such as 

resistance training, that is, short -duration stimuli and higher intensity (Lagally & 

Amorose, 2007 ). 

 

In sports performance, where professional athletes live off their income, the 

objective is n o longer to control or adjust training intensities previously or in loco , but 

to control it post -exercise, either after a workout or a game. Initially, this control started 

®~ fk i~|k ¯«s|q ®rk *^||s«®kªí« PM7?J p~ª{¯z^Ð 

 

(HR Reserve X non-linear factor Blood Lactate relationship) X Duration = Training 

Load 

 

However, there was still the need for something more practical and less complex, 

such as Edwards' TRIMP formula: 

 

(Training Zone X Duration) = Training Load.  

 

This method, being more practical, has the inconvenience of having HR as a 

variable, which in addition to having some disadvantages that have been mentioned 

previously, in contact sports sometimes there are periods when it is not measured. In 

this case, important training data may be lost to understand the athlete's real 

condition. Thus, once again, there is a need for something practical, easy to use and 

access like RPE, being advised to be used as a quantifying mechanism of individual 

exercise intensity t hrough the formula (Foster et al., 2001): 
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RPE X Duration = Training load  

 

Therefore , there is a tool capable of being used for training load monitoring 

purposes . Nevertheless, it is advisable to combine RPE with other physiological 

parameters  (Haddad  et al.,2017). As for the moment of its use, it may vary, being more 

usual 30 minutes after the end of the activity (Govus et al., 2018; Jaspers et al., 2018; 

Wallace et al., 2014). 

Practical applicability å  

Cost å 

Reliability  å  

 

1.2.3. Blood Pressure  

Blood pressure is overwhelming the most commonly measured parameter for the 

assessment of haemodynamic stability. BP measurement using an upper arm cuff 

dates back to 1896 when Riva -Rocci introduced it into clinical sphygmomanometry 

(Perloff et al., 1993). The use of sphygmomanometry is an indirect way to obtain BP 

values. The cuff pressure at the time of the initial increase in arterial oscillations 

corresponds to maximum systolic BP, and the lowest cuff pressure just prior to the 

time that oscillations stop decreasing  in amplitude corresponds to the diastolic BP. 

Avoiding the inconvenience of auscultation and introducing automation made 

oscillometry highly preferable. As a consequence, the oscillometric method is broadly 

and confidently used in physician offices, emerg ency departments, hospital wards, 

and perioperative monitoring and treatment in the majority of general anaesthesia 

cases (Saugel et al., 2014). 

 

Normal adult blood pressure is defined as a blood pressure of 120 mm Hg1  when 

the heart beats (systolic) and a blood pressure of 80 mm Hg when the heart relaxes 

(diastolic). When systolic blood pressure is equal to or above 140 mm Hg and/or a 

diastolic blo od pressure equal to or above 90 mm Hg , the blood pressure is 

considered to be raised or high (WHO, 2015 ). 
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Physical Exercise (PE) has a hypotensive effect. This effect  can occur since the 

finish of the exercise session, until 24 hours later. Blood Pressure values can be 

reduced by 8,3 mmHg and 5,2 mmHg, for SBP and DBP , respectively, whit aerobic 

continuous tr aining with moderate intensity in hypertense people (Mcmillan, 2016 ). 

Strength Training has the same hypotensive effect in the next hours of PE in 5,5 mmHg 

and 3,3 mmHg for SBP and DBP, respectively, with moderate intensity (60% to 80% of 

1 Maximum Repetit ion) (Bentes et al., 2015). 

 

During PE, BP increase is caused by the muscle blood flow needed, and its 

increase can be higher in 100 mmHg to 130 mmHg than basal BP  (Guyton, 1988 ). An 

indirect measure of BP is difficult to be obtained during P E, and it is the principal 

disadvantage of the method. However, it is a suitable  method and can be applied in 

clinical or in an exercise context to ensure a good prescription for the client.  

 

Digital Sphygmomanometer : Gima; Omron; Leo.  

 Practical applicability å  

 Cost å 

 Reliability  å 

 

Manual Sphygmomano meter:  Gima; Welch Allyn; Riester.  

Practical applicability å  

Cost å 

Reliability  å  

 

1.2.4. Thermography  

Thermography is a method that allows for the thermal mapping of the surface of 

the human body with the aid of a special camera. Thermography is a non -invasive 

method, harmless and obtained from a certain distance from the subject.  

 

During the Second World War, there was a technological development regarding 

the use and detection for military use and, later, for public use with certain restrictions 

(Filho, 1999). Then, Doctor Lawson performed the first medical thermography in 1957, 
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discovering that his breast cancer patient had a higher temperature in that reg ion 

(Ring, 2006). This heat loss is a physiologically regulated function and is controlled by 

the vasomotor activity of the cutaneous vascular network. The central body 

temperature is carried by the peripheral vascular network that is controlled to allow 

the loss of an appropriate amount of heat in order to maintain the core temperature. 

There are four mechanisms of physical thermal loss: conduction, convection, 

evaporation, and radiation.  

 

Heat convection  is an essential mechanism of thermal transfer in the 

thermographic diagnosis process. Heat transfer from one part of the body to another 

(for example, central to the periphery) is done through the movement of fluids (blood 

flow). The blood, heated by both  visceral and somatic metabolism, is convected by 

the vascular network and transferred into the body first, and then to low -temperature 

areas (Brioschi et al., 2003). Therefore, convection is one of the most significant 

mechanisms of heat transfer within t he body.  

 

Thermal radiation  in the infrared range that is emitted by the human body is not 

visible to our eyes and was first described in 1800, by Sir William Herschell, which he 

called "dark heat". In 1840, his son John Herschell was the first to create a  

thermographic image (Filho, 1999; Ring, 2006). Thermographic cameras were 

developed in order to capture the infrared radiation emitted by the human body. 

These infrared cameras use a sensor with a response in the infrared range (wavelength 

between 0.75 to  ¿¾¾¾ Ȑ{Þ ®~ g~|´kª® ®rk ®rkª{^z ª^is^®s~| k{s®®ki f· ®rk «ys| «¯ªp^gk 

into electrical signals. The electrical signals are quantified and presented as an image. 

In the grayscale image, the warmest regions are usually represented with light gray 

tones, and the colder regions are represented with dark gray tones. In order to 

facilitate the interpretation of temperature, pseudo -colors are assigned to the 

grayscale. An apparently healthy person has thermal symmetry between the left side 

and the right side. The difference in skin temperature on both sides of the human body 

is quite small, around 0.2 °C (Uematsu et al., 1988). Thermal asymmetries result from 

functional changes within the body (Wiecek, et al., 2006). In a thermographic image, 

each pixel is associated with a temperature value. Regions of abnormal vascularization 
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are detected in thermography as hot spots, which indicate areas of higher local blood 

circulation, resulting from inflammatory processes. On the other hand, cold spots 

indicate regions of aff ected vascularization (Renkielska et al., 2006). 

 

Heat is continuously produced by the body as a product of metabolism. Three 

major factors determine the degree of heat production: basal metabolic rate, specific 

organic activity, and muscle activity. Due t o physiological reflexes and heat 

distribution mechanisms, metabolic heat production remains constant within a wide 

range of ambient temperatures. Thermographic diagnosis is based on thermal 

asymmetry, between body dimensions and the relationship of discre te thermal 

differences with surrounding areas.  (Brioshi et al., 2007).  Muscle activity has a 

noticeable effect on heat production. Exercise can increase oxygen consumption ten 

times above rest level, corresponding to an increase in heat production (Brios hi et al., 

2007). Therefore, through thermography, with the identification of the inflammatory 

focus, it becomes possible to evaluate muscle damage.  According to Brioshi et al. 

(2003), and beyond the identification of muscle injury, thermography is an effe ctive 

way in the assessment of cardiovascular diseases, such as varicose veins, early 

detection of deep venous thrombosis, diabetic microangiopathy, lesions of the 

vascularization of the head and neck as stenosis of the carotid artery. Alongside this, 

it is also suggested the use of thermography during cardiovascular surgery, to 

evaluate the degree of perfusion in certain areas (Brioschi et al., 2003).  

 

Thermography Devices  

 Thermal Pixel Size  Thermal Resolution  Thermal 

Sensitivity  

Object Temperature 

Range  

FLIR ONE Pro 12 Ȑ{ 19,200 pixels (160 x 120)  70 mK  -20 to 400°C  

 

 Practical applicability å  

 Cost å 

 Reliability å  
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 Thermal Pixel Size  Thermal Resolution  Thermal Sensitivity  Object Temperature 

Range  

FLIR ONE Pro LT 17 Ȑ{ 4,800 pixels (80 × 

60)  

100 mK  -20 to 120°C  

 

 Practical applicability å  

 Cost å 

 Reliability å  

 Thermal Pixel 

Size 

Thermal Resolution  Thermal Sensitivity  Object Temperature 

Range  

FLIR E4 7,5-¿Á Ȑ{ 80 × 60 (4.800 pixels)  150 mK -20 to 250 °C 

 

 Practical applicability å  

 Cost å 

 Reliability å  

 

 Thermal Pixel 

Size 

Thermal Resolution  Thermal Sensitivity  Object Temperature 

Range  

FLIR T1020  7,5 - ¿Â Ȑ{ 800 x 480 pixels  <0,02 °C em +30 °C  -40 to 2000 °C  

 

 Practical applicability å  

 Cost å 

 Reliability å  

 

 Thermal Pixel Size  Thermal Resolution  Thermal Sensitivity  Object Temperature 

Range  

FLUKE Ti480 Pro  - 640 x 480 pixels - -10 to 1000 °C  

 

 Practical applicability å  

 Cost å 

 Reliability å  

 

1.2.5. Ultrasound  

Ultrasonography (US) is a non-invasive assessment technique that can be used to 

monitor changes in muscle mass resulting from the effects of diet programs and/or 
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exercises aimed to promote health (Gomes et al., 2010). US has also been used to 

assess muscle damage and the quality of the active muscles themselves. This 

assessment is made through a grayscale obtained after placing the probe in the 

muscle to be evaluated (Pinto et al.,  2013; Radaelli et al., 2013). Several studies have 

reported the application of this technique to trained and untrained individuals (Matta 

et al., 2010). Gomes et al. (2010), showed that the methodology of ultrasound 

assessment is relatively reliable concerning muscle thickness and when compared to 

bioimpedance, with a correlation of 0.65 for people with Body Mass Index (BMI) <25 

^|i ¾ÎÅÅ p~ª s|is´si¯^z« µs®r *?7 ȰÀÃ Ý@k´k« k® ^zÎÏ À¾¿ÁÞÎ 

 

Ultrasonography Devices  

 Ergonomics  Application  Options  

?·>^fĎ"z§r^ û k6- Technology + 

CrystaLine  

ESAOTE 

Mobile  General Ultrasound  Integrated Console  

 

 Practical applicability å  

 Utilityå  

 

 Ergonomics  Application  Options  

V7"?BĎ +¿¾¾ 

CANNON  
Mobile with cart  General Ultrasound  

Black and white, color doppler, with 

integrated console  

 

 Practical applicability å  

 Utilityå  

 Ergonomics  Application  Options  

L7 HD 

CLARIUS 
Pocket 

For cardiovascular ultrasound, for anesthesia and 

intensive care ultrasound, for breast ultrasound, for 

musculoskeletal ultrasound, for skin ultrasound, for 

urgent care ultrasound, for intravascular ultrasound, for 

endocrine ultrasound  

Color doppler, elastography, 

with needle guide, with "all -

in-one" probe, with wireless 

probe  

 

 Practical applicability å  

 Utilityå  
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 Ergonomics  Application  Options  

APOGEE 2100 SIUI  Mobile  General Ultrasound  
Black and white, color doppler, with 

integrated console  

 

 Practical applicability å  

 Utilityå  

 Ergonomics  Application  Options  

C7 ANASONIC  Mobile  General Ultrasound  
With integrated console, color doppler, 3D / 4D, 

spectral Doppler  

 

 Practical applicability å  

 Utilityå  

 Ergonomics  Application  Options  

3.5 - 7.5 MHZ | BEU -8200  

BESTMAN 
Mobile  General Ultrasound  Black and white, with integrated console  

 

 Practical applicability å  

 Utilityå  

 Ergonomics  Application  Options  

SONIXONE  

BK ULTRASOUND 
Mobile  General Ultrasound  With Touchscreen  

 

 Practical applicability å  

 Utilityå  

 

1.2.6. Maximum  Repetition   

In Resistant Training (RT) is usual to quantify the exercise intensity using the total 

load. This load that can be expressed in maximum repetitions (RM) represents the 

maximum number of repetitions correctly develop for the practitioner with a certain 

load  (kg), or its relative percentages of the maximum load that the practitioner can 

resist in an only RM  - %1RM (Schoenfeld, 2016 ). However, that could not be the best 

method to evaluate the maximum strength, cause there is significant variability inter 

and intra -individual to maximum number of repetitions wi th the same percentage of 

RM (%1RM) (Carpinelli, 2017) ; (Steele et al., 2017), for different exercises and muscles 
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groups (Shimano et al., 2006). Another disadvantage is the difficulty progression 

evaluation, once the practitioner can increase his RM from training to training.  

 

 Practical applicability å  

 Cost å 

 Reliability å  

 

1.2.7. Displacement Velocity  

Speed4lift , ADR-Encoder , Push band , T-force , Velowin , Powerlift , Beast sensor , 

Trio -optitrack  

The measurement of the bar displacement velocity (BDV) is an interesting variable 

to monitor and to adjust the intensity of the subject's load effectively, without the need 

to apply an exhaustive method.  Several studies (Gonzalez-Badillo & Sanchez-Medina, 

2010; Moran -Navarro et al., 2019 ) confirmed the relationship between BDV and 

relative intensity (% 1RM) where a strong and linear relationship between the BDV 

and% 1RM was observed (Gonzalez-Badillo & Sanchez-Medina, 2010 ). Thus, 

evaluation through the BDV becomes plausible, instead of an exhaustive test such as 

that of measuring the 1RM . The measurement of BDV becomes interesting , enabling  

athletes to undergo training with less volume and higher  strength and power  gains, 

and above all , causing  the least possible training fatigue . Pareja-Blanco et al. (2017) 

verified that when training controlled by speed, and with a loss of only 20% of speed, 

subjects obtained more significant  gains in strength and power and that, after 6 hours, 

all evaluated fatigue markers had returned baseline values. Due to technological 

advances, several devices for measuring BDV are available on the market . 

Consequently, there are several displacement velocity monitors available, from the 

golden standard Trio -Optitrack, which is composed of 3D motion capture. There are 

also isoinertial d ynamometers, such as the T-Force (Garnacho-Castano et al., 2015), 

the Speed4lift (Perez-Castilla et al., 2019) or the  ADR-Encoder. There are also camera-

based optoelectronic systems, such as Velowin  (Perez-Castilla et al., 2019), inertial 

gauges composed of a combination of 3 -axis accelerometers and 3 -axis gyroscopes, 

such as the Push Band or the Beast Sensor (Balsalobre-Fernandez et al., 2017). Finally, 
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there is also a smartphone application, the Powerlift (Balsalobre-Fernandez et al., 

2017).  

 

All of these monitors have their advanta ges and disadvantages. The  Trio-Optitract 

(V120: Trio; OptiTrack, NaturalPoint, Inc.) is an optical motion detection system, which 

includes three infrared and pre -calibrated cameras fixed in a rectangular frame that 

provides 3D position data for a reflecti ve marker, at a sampling rate of 120 Hz. The 

raw data of the marker's position in the space are obtained using Motive software 

v.1.5.0 (OptiTrack, Natural -Point, Inc.). Instantaneous speed is calculated by 

differentiating the displacement data with respect  to time. The reflective marker is 

placed on one side of the bar , and the Trio -OptiTrack is positioned at a distance of 2.5 

m from the marker. It is an impractical and quite expensive monitor, which makes it 

almost inaccessible to most professionals. Despi ®k fks|q g~|«sikªki ®rk ê5~zik| 

StandardÏë there was a need to create alternatives  (Perez-Castilla et al., 2019).  

 

In isoinertial dynamometers , we considere d the T-Force (Sistema T-Force, 

Ergotech) , which consists of a cable extension linear speed transducer connected to 

a computer.  The instantaneous velocity is automatically calculated at a sampling rate 

of 1,000 Hz by the software. The cable is attached vertically to one side of the bar using 

a Velcro strip.   

 

The Speed4lift (Speed4Lift)  consists of a cable extension linear position transducer 

connected to the bar. The data is recorded directly by differentiating the displacement 

data in relation  to time at a sampling rate of 1,000 Hz through the Wi -Fi connection 

with a smartphone using the Speed4Lift application. The cable is secured vertically to 

one side of the bar using a Velcro strip .  

 

The ADR-Encoder (ADR-Encoder) consists of a cable extension linear position 

transducer connected to the bar. Data is recorded using a smartphone application. 

The cable is attached vertically to one side of the bar, using  a Velcro strip .  
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These isoinertial dynamometers, although more practical, since they only require 

connecting a cable to the bar, have this same limitation, since the cable restricts its use 

to some exercises. Within these linear velocity  transducers, some are more affordable 

than others.  

 

The ADR-Encoder is the most affordable , followed by the Speed4lift and, finally, 

the T-Force. Regarding its validity, recently, in the study by Pérez -Castilla et al. (2019), 

it was found that the Speed4lift has higher  reliability than the T -Force. However, T-

Force does contain a calibration certificate that  makes it more reliable for scientific 

studies. As for the ADR-Encoder, it presents a close relationship with these isoinertial 

dynamometers described above, and the study was carried out by the creators of the 

device.  

 

The optoelectronic system Velowin (V elowin; DeporTeC) includes an infrared 

camera in interface with a computer, which measures the displacement of a fixed 

reflector on the bar. The data is recorded directly from the software by differentiating 

the displacement data in relation to time at a sampling rate of 500 Hz. The Velowin is 

placed at a distance of 1.7 m from the infrared reflector and is calibrated according to 

the instructions of the manufacturer. Although practical , since it can be used in several 

exercises, when compared to transducers , it needs software to be used and, 

consequently, to connect to a computer, which makes its portability more complex.  Its 

cost is also high, which makes inertial monitors, isoinertial dynamometers , and 

smartphone applications more accessible to professionals. Its reliability was also 

analyzed by Pérez-Castilla and collaborators (2019), also proving to be quite reliable, 

just behind the Speed4lift.  

 

In the inertial monitors , we have the Push Band (PUSH band, PUSH, Inc.), as a 

wearable  band consisting of a 3 -axis accelerometer and a gyroscope scope that 

provides 6 degrees of freedom in its coordinate system. The data is recorded directly 

by integrating the acceleration data in relation to time at a sampling ra te of 200 Hz 

through the Bluetooth 4.0 LE connection with a smartphone via the PUSH application. 
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The PUSH band is on the subject's dominant forearm, immediately below the elbow 

fold, with the main button located proximally.  

 

The Beast Sensor (Beast sensor, Beast Technologies Srl.) is a wearable band that 

includes a 3-axis accelerometer, gyroscope , and magnetometer. The data is recorded 

directly by integrating vertical acceleration in relation to time at a sampling rate of 50 

Hz through the Bluetooth connect ion with a smartphone via the Beast application.  The 

Beast sensor is placed on the bar using a built -in magnet. These devices seem to be 

the most practical in terms of their use, since it is only necessary to place them on the 

athlete's body or on the bar,  and they only require a smartphone to view the data. In 

terms of cost, they are even more accessible, and their portability is quite simple, as 

they are small and easy to transport. They have the advantage of being able to be 

used in horizontal and vertic al movements, having the disadvantage of presenting 

discrepancies in speed measurement. In the study by Pérez -Castilla et al. (2019), they 

proved to be the least reliable when compared to other devices.  

 

Finally, the Velowin  smartphone application involves a manual frame -by-frame 

analysis of a slow-motion video recording, recorded by the smartphone's camera, at 

a frequency of 240 frames per second , and a quality of 720 pixels. The average speed 

is calculated as the individual  range of motion (i .e., vertical displacement of the bar 

from the starting position to the final position, divided by the movement time. This 

application is also very practical in use, and is the most affordable in terms of money, 

given its low cost. These  applications have also demonstrated higher  reliability than 

inertial monitors. Their major disadvantage is the impossibility of viewing the data in 

real-time, that is, it is necessary to select the start and endpoint of the exercise, in 

filming, to obtain  data later (Perez-Castilla et al., 2019).  Below is a summary table of 

all devices: 
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Table 4.  Summary of devices to monitor Displacement velocity and further characteristics . 

Device  
Practical 

Applicability  
Cost  Reliability  

Trio -Optitrack  1 5 5 

T-Force  3 4 4 

Speed4lift  4 3 4 

ADR-Encoder  4 2 4 

Velowin  3 4 4 

Push Band  5 3 2 

Beast Sensor  5 3 2 

Powerlift  4 1 3 

Legend:  Practical Applicability: 1 - Very Low; 2 - Low; 3 - Reasonable; 4 - Practical; 5 - Very practical. Cost: 

1 - Very Low; 2 - Low; 3 - Reasonable; 4 - High; 5 - Very High. Reliability: 1 - Very Little; 2 - Little; 3 - Reliable; 

4 - Very Reliable; 5 - Gold Standard.  

 

1.2.8. Jump Height  

Push Band , Chronojump , Optojump , My jump 2 , Vertec , Just jump  

The jump height is a measure that can be evaluated based on different 

movements, namely, Vertical Jump, Drop Jump, Squat Jump, or Cou ntermovement 

Jump. Some of these movements can be observed in some specific sports,  and other 

movements are used to acquire informat ion related to the subjects, namely, the 

optimal strength -speed profile or the Reactive Strength Index (RSI) (Samozino et 

al.,2008). All of  these data are important for exercise professionals, especially 

regarding decisions over the training method to be applied. They also allow to 

{~|s®~ª ^®rzk®k«í k|®sªk ®ª^s|s|q §ª~gk«« ^|i ®rksª k´~z¯®s~| ^|i g^| ^z«~ fk ¯«ki ^« ^ 

test of readiness for tr aining.  

 

Vertical Jump aims to achieve the highest  vertical distance possible. This 

movement can be observed in several sports, being the key factor for its practice, in 

some cases. 
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Squat Jump is a vertical jump from a static squat position. The subject h as his knees 

at about 90º of flexion , and then the lower limbs are extended, in order to jump as 

high as possible. It is a ballistic exercise that can be used as a readiness test for training 

or as a training exercise in order to improve critical  physiolog ical mechanisms 

(Asmussen & Bonde-Petersen, 1974; Samozino et al., 2008).  

 

The Countermovement Jump (CMJ) is similar to the  Squat Jump (SJ), has the 

difference of not starting from a static position, but from a lower limb extension 

position to a squat position, followed by a new extension in order to jump as high  as 

possible. This exercise becomes a plyometric movement with great action in the 

stretching -shortening cycle. It can, like the SJ, be used as a test of readiness for 

training and, likewise, be an exercise used to improve the various physiological 

mechanisms. 

 

The Drop Jump (DJ) it is a deep jump in which the objective is to carry out a vertical 

jump reaching the highest possible height, as soon as the subject touches the feet 

with the ground, obtaining a very reduced contact time with the ground (Kopper  et 

al.,2013). Since these exercises serve as a resource for assessment and training, 

professionals and coaches must  have a wide range of tools for measurin g jump height.  

In the market , several materials allow measuring  of the jump height, from 

technological materials to technology free materials. The materials that require more 

use of technology and, consequently, the use of own devices are the Push Band, 

Chronojump, Optojump , and Just Jump, switching to the use of smar tphone 

applications such as My Jump 2, ending with an instrument, the Verte c. 

 

The Push Band (PUSH band, PUSH, Inc.) is a wearable band consisting of a 3 -axis 

accelerometer and a gyroscope scope that provides 6 degrees of freedom in its 

coordinate system. The data is recorded directly by integrating the acceleration data 

in relation to time  at a sampling rate of 200 Hz through the Bluetooth 4.0 LE 

connection with a smartphone via the PUSH application . The band is placed on the 

subject's waist while performi ng the jump. With this band , it is possible to measure 

the height of the SJ, CMJ , and DJ, and it is also possible to obtain RSI data. Overall 
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the band is practical for measuring the jump height, as it is only necessary to place the 

band on the subject's wa ist and use the smartphone application. Its disadvantage is 

sometimes to overestimate some measures.  

 

The Chronojump (Chronojump -boscosystem) (Blas et al., 2012) and the  Just Jump 

are contact platforms connected to a microcontroller. Both platforms measure the 

height of SJ, DJ, and CMJ. The big difference between the two platforms is in terms 

of data visualization, where Chronojump needs a connection to software, which 

implies a computer, and Just Jump presents the data on its microcontroller. Their 

portability is also somewhat affected, as they are of considerable dimensions, which 

in turn facilitates jump testing.  Regarding the cost of both, Just Jump is a lot more 

expensive than Chronojump. As for reliability, Chronojump proves to be quite reliable  

(Blas et al., 2012), on the other hand, Just Jump  implies that a formula to correct data 

is used (McMahon  et al., 2016) since the platform overestimates the values.  

 

The Optojump (Optojump)  is a system of optical measurement, consisting of two 

bars, one for transmission and one for reception. Two devices are required, each 

containing 96 LEDs. The LEDs on the transmission bar continuously communicate with 

those on the receiver bar. The system  detects any interruption in the communication 

between the bars and calculates its duration. Thus, making it possible to measure the 

time of flight and contact during the execution of a series of jumps, with the precision 

of 1/1000 of a second. From these data, the software allows obtaining  a set of 

parameters related to the athlete's performance with good precision (Glatthorn et al., 

2011). The jump´s height is calculated through the duration of the jump. This device 

is portable, as it only requires two  bars. The data can be viewed on the bars 

themselves, with the possibility of being connected to a computer using the software. 

The disadvantage of this device is in the measurement of the jump height, since the 

landing area has to be precisely  in the same place, and is quite small, due to the 

communication between the two bars. Moreover, after the landing , the subject has to 

jump out of the two bars.  
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The My Jump 2 is a smartphone application that was launched to be a more 

accessible means for measuring va rious parameters of athletes, including the jump 

height. The application is very practical, as subjects only need a smartphone with a 

good quality camera (Haynes et al.,2019). In addition to being practical, the 

application is reliable in measuring jump height  (Balsalobre-Fernandez et al., 2015; 

Haynes et al., 2019). The disadvantage of this application is that the access to data is 

not possible in real -time since it is necessary for the  evaluator to review the video in 

slow motion and to select the frame from the moment the subject removes the feet 

from the floor and the frame from the initial moment of landing. Nevertheless, it is 

quite affordable.  

 

The Vertec Vertical Jump Meter is composed of rotational plastic bars, placed at a 

distance of 1.25 cm between them, being attached to a telescopic metal pole. This 

pole is adjusted to the height of the reach of each subject.  The test requires subjects 

to use their dominant hand to rotate the plastic bar as high as possible. The apparatus 

and the test are quite simple, and despite being extremely practical, the fact that the 

subjects use their dominant hand to touch the bars alters the jumping technique, 

which affect s the reliability of the measurement  (Buckthorpe  et al., 2012; Muehlbauer  

et al.,2017). In comparative cost terms, this device is more expensive.  

 

Table 5. Summary of devices to monitor Jump Height and further characteristics  

Device  
Practical 

Applicability  
Cost  Reliability  

Push Band  5 4 3 

Optojump  4 3 4 

Chronojump  4 3 4 

Just Jump  4 4 4 

My Jump 2  5 1 4 

Vertec  5 5 2 

Legend:  Practical Applicability: 1 - Very Low; 2 - Low; 3 - Reasonable; 4 - Practical; 5 - Very practical. Cost: 

1 - Very Low; 2 - Low; 3 - Reasonable; 4 - High; 5 - Very High. Reliability: 1 - Very Little; 2 - Little; 3 - 

Reasonable; 4 - Reliable; 5 - Very Reliable.  
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1.2.9. Energy expenditure  

To assure daily living tasks, living beings require a certain amount of energy 

expenditure (EE). The Daily EE in humans is determined by: i) basal metabolic rate, 

and; ii) physical activity.  

 

Basal metabolic rate (BMR) includes metabolic demands suffice to  cover vital 

functions during sleep and the energy demand during awakening after sleep; being 

assessed after a minimum of 12 -18h fasting and having the subject on a neutral 

environment and in a supine position (Kenney et al., 2012; Powers & Howley, 2003). 

The BMR is hard to measure in the laboratory , and thus the resting metabolic rate 

(RMR) is assessed with the subject resting for 30-60min after a fasting period. Both 

entities vary according to lean body mass, age, sex, measurement technique (Salbe & 

Ravussin, 2003), lifestyles, active vs. sedentary (Wahrlich & Anjos, 2001), body 

temperature, stress and hormonal levels (Kenney et al., 2012). Food thermogenesis 

amounts about 8 to 10% of daily EE.  

 

Physical activity (PA) is considered an important component o f EE. Exercise 

physiology measures the EE during PA, and EE is a function of intensity, duration and 

frequency of the physical exertion (ACSM, 20 13). Overall daily EE depends partly on 

the PA, and this component, while representing 15 -50% of daily EE is the fraction that 

varies more between subjects (Melby & Ho, 2003). The most accurate estimates of EE 

are those in common locomotion such as walking, running or swimming (Carter et al., 

2000; McArdle et al., 2010). On the other hand, the EE is harder to measu re in 

intermi tent PA (i.e. tennis, football or basketball).  

 

Measurement of energy expenditure  

It is not possible to measure directly the energy produced at the muscle cell level; 

however, every metabolic process in the human body is deemed to produce heat 

(Kenney et al., 2012; McArdle et al., 2010). There are two methods to assess EE during 

rest and during PA: direct calorimetry and indirect calorimetry.  

 



 

30 

Direct calorimetry  was first described in the second half of the XVIII century, with 

the studies by Lavoisier and Laplace; and Antoine Lavoisier was the first to conduct 

experiments on human respiration. Since 1890 with the appearance of the first human 

calorimeter, the relationship between energy intake and EE was confirmed (McArdle 

et al., 2010). The calorimeter consisted in a hermetic chamber able to quantify the 

body´s heat release and the body´s steam release (Pedrosa et al., 2017). By assessing 

heat production in the human body, it is possible to estimate the energy yield (Reis et 

al., 2000; Kenney et al., 2012). The direct calorimeter, although of high relevance and 

high accuracy, is a heavy and expensive construction which requires high maintenance 

and which limits the PA able to be performed within its limits. On the other hand, direct 

calorimetry is not bale to address fast energy turnovers involved in high -intensity 

exercise. Therefore, this apparatus is almost obsolete to most sports, recreational and 

occupational PA.  

 

Indirect calorimetry  is done by means of gas exchanges and is based  on the 

oxygen uptake (VO2) and carbon dioxide excretion (VCO2) measurements and on its 

fractions on inspired and expired air (Melo  et al., 2008). The amount the O2 and CO2 

changes in the lings matches those occurring in human cells. Hence, it is possible to 

accurately estimate the EE by measuring gas exchanges at the lungs. By measuring 

VO2 during rest or at steady -state intensity exercise, the indirect estimate of EE is 

accurate, because the anaerobic fraction of energy is negligible. Indirect calorimetry 

is useful, with high reproducibility and with relatively low cost, to assess RMR, to assess 

the thermogenic effects of food and also to as sess EE during PA. However, the main 

limitation to use the O2 energy equivalent is that only the aerobic sources of energy 

are considered. Thus, exercise must be mainly aerobic, so that VO2 can truly express 

the EE. Otherwise, when anaerobic energy fractio n is important, VO2 measurements 

alone will result in EE underestimation. This can be seen in exercise where a steady -

state VO2 is not attained (Krustrup et al., 2004; Scott, 2006; Scott & Kemp, 2005), once 

the anaerobic fraction is not included in the mea surement. Therefore, this measure is 

less precise the more anaerobic the exercise (the higher the intensity) . Nevertheless, 

indirect calorimetry with the O2 energy equivalent is the most common method to 

assess EE during PA in humans. 
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1.2.10. Quantificatio n of aerobic energy  

The fraction of aerobic energy during exercise is assessed by indirect calorimetry 

and is based on the VO2 measurement. The calculation of the O2 energy equivalent 

is based on the relative fraction of O2 and CO2 in the expired gases (wa rrants the 

measurement of VO2 and that of respiratory exchange ratio).  

 

The former is determined by the ratio between VCO2 and VO2 and allows the 

estimation of the relative contribution of substrate utilization during exercise ( Kenney 

et al., 2012). The use of this ratio to quantify the relative substrate utilization during 

exercise is accurate only under VO2 steady -state conditions. Hence, indirect 

calorimetry is vastly used to assess EE in prolonged, low - to moderate -intensity 

exercise, where a true VO2 steady-state is attained  (Pescatello et al., 2014). 

 

1.2.11. Quantification of anaerobic energy  

The methods that are used to quantify anaerobic energy during exercise are less 

precise, and some present technical difficulties (Saltin, 1990). A variety od met hods 

has been used but no universally accepted method is available (Gastin, 2001). Three 

methods are usually available: i) measurement of intramuscular metabolites; ii) 

estimation of energy equivalent of lactate in the blood; iii) estimation of the 

accumulated oxygen deficit (AOD). When the lactate method  is used, the calculations 

refer solely to the lactic energy fraction. Therefore, the total anaerobic energy is found 

by adding an assumed value for the alactic energy fraction. This vale may vary and is 

usually calculated from the time -constant of the fast component of the post -exercise 

VO2 off -kinetics and according to Di Prampero (1981) may attain 36.8 ml.kg -1. When 

the lactate in the blood equivalent is used, the lactic energy is found from the 

differenc e between the peal post exercise lactate minus the resting vale. The 

difference is multiplied by body mass and by 3 ml O2 (Di Prampero & Ferretti, 1999), 

and the energy equivalent is obtained in units of ml.kg -1.min -1. 

 

The use of the lactate energy equivalent involves several sources of unprecise 

errors. This technique uses a blood value, but the original metabolite is produced in 

the muscle. Therefore, every event between the formation of lactate and its 
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appearance in t he blood are not controlled for (Astrand et al., 2003; Brooks et al., 

2004; Lehninger, 1987 ). The lactate in the blood does not reflect lactate production 

but also lactate excretion and clearance (Cazorla et al., 1984). Although blood lactate 

indicates the  rate of glycolysis in the muscle it does not quantifies lactate production 

itself nor the energy yielded by ATP and CP  (Saltin, 1990). Despite the several sources 

of error, this is the most common method quantify anaerobic energy through the 

simple conver sion of blood lactate units into O2 energy equivalents  (DiPrampero et 

al., 1978; Laffite et al., 2004; Margaria et al., 1963; Reis et al., 2010; Zamparo et al., 

2000).  

 

As to the accumulated oxygen deficit  (AOD), this a method that includes a single 

estimation of both anaerobic sources: lactic and alactic (Reis et al., 2010b) and that 

does not require invasive techniques (Gastin et al., 1991; Medbø et al., 1988; A. Russell 

et al., 2000; A. P. Russell et al., 1998). Its calculation is possible solely from V O2 

measurements and allows the calculation of aerobic and anaerobic fractions of 

energy.  

 

This method appeared in 1984 (Medbø e Hermanssen, 1984) and was validated by 

Medbø et al. (1988) a few years later. Since then is has been considered the most 

accepted measure of anaerobic capacity ( Gastin, 1994; Medbø, 1996; Nakamura & 

Franchini, 2006; Reis et al., 2010; Scott et al., 1991), that is the most realistic measure 

of anaerobic energy during exercise. The anaerobic capacity as determined by the 

AOD is the d ifference between the O2 demand and the true O2 uptake during 

exercise. The validity if the measure is supported by its strong correlation with 

anaerobic energy measured by muscle metabolite during single muscle group 

exercise (Bangsbo et al., 1990).  

 

The AOD method requires the linear extrapolation of the supra maximal energy 

cost from the submaximal energy cost. As a requirement, is it necessary to have several 

steady-state VO2 measurements above and below the anaerobic threshold (Reis, 

2003). Several studies which applied this method found anaerobic energy estimaitons 
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similar to those calculations from intramuscular metabolites (Bangsbo et al., 1990; 

Medbø & Tabata, 1989, 1993; Withers et al., 1991) .  

 

There is some hardware available to assess energy  expenditure in humans. Some 

are portable and some are not. However, all equipment is somehow expensive and 

less available to general population:  

 

Indirect Calorimetry  

¶ Cosmed Fitmate PRO;  

¶ Cosmed K5;  

¶ Cortex METAMAX® 3B;  

¶ Cortex METALYZER® 3B;  

¶ IMBRAMED VO2000;  

¶ VO2 Master VM PRO;  

¶ Aerosport TEEM100 .  

Applicability å 

Cost å 

Accuracy å  

 

Lactate Anal ysers 

¶ Lactate Scout 4;  

¶ Lactate Pro 2;  

¶ Lactate Plus;  

¶ Accutrend Plus Analyser;  

¶ EKF Diagnostics Biosen Lactate Analyser;  

¶ LM5 Lactate Analyser;  

¶ Yellow Springs 2500 Biochemistry Analyzer . 

Applicability  å  

Cost å 

Accuracy å  
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1.3. Electronical Performance and Tracking Systems (EPTS)  

1.3.1. Introduction  

The adoption of EPTS devices in professional and non -professional sections of 

sports teams has grown considerably during the last 5 years. From wearable devices 

with multiple types of sensors, to computer vision -driven tracking technology, EPTS 

devices are providing a great amount of performance data in daily -basis. Alongside 

the increasing adoption of these devices, the variety of brands and vendors have also 

increased up to tens of providers in this timeframe. While more data is being 

generated, the opera tional maintenance and integration of this information becomes 

everyday more complex. A central issue is that each different vendor defines its own 

format and specification for the data that is being provided. While is typical to also 

provide software to i nterpret this data, the increasing availability of sources of 

information and the need of data centralization makes very difficult for clubs to keep 

the growing pace of this industry, regarding the needs for continuous integration and 

maintainability of da ta. Also, the ad-hoc nature of provided formats makes harder to 

integrate information from different sources, making progress in this area slower 

(FIFA, 2018).  

 

In the near future is also natural to envision an increased maturity of tracking and 

performan ce which would lead to demands of better integrability, faster 

implementation, and the ability to be transferred in a standardized way. An example 

of this is the collaboration between clubs, universities and companies to develop new 

mechanisms to obtain mo re refined insight from this data. This is also includes the 

possibility of clubs exchanging player performance information once a player is 

bought on the transfer market (Figure 2; FIFA, 2018). 
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Figure 2. Current state of EPTS data transfer exchange (FIFA, 2018). 

 

1.3.2. EPTS Typologies  

According to FIFA (2018), EPTS are technologies used to monitor and improve 

player and team performance. EPTS primarily track player (and ball) positions but can 

also be used in combination with microelectromechanical devices (accelerometers, 

gyroscopes, etc.) and heart -rate monitors as well as other devices to measure load or 

physiological parameters.  

 

1.3.2.1. Optical -based tracking system  

Optical tracking  systems make use of visual information  to track the player. There 

are a number of ways this can be done. The most common is to make use of a video 

g^{kª^ ®r^® ^g®« ^« ^| kzkg®ª~|sg k·k ®~ êµ^®grë ®rk ®ª^gyki ~fxkg® ~ª §kª«~| Ý4sq¯ªk 

3). The video camera is normally in a fixed location. Computer vision techniques are 
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some cases, light-sensing devices other than video cameras can be used (Sherman & 

Craig, 2003).  Some of the benefits or limitations of  these technologies in sports are 

(FIFA, 2018): 

 

Benefits      

 Non-invasive to players      

 Commonly used in the football market  
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 High sampling rate, ball tracking possible  

Limitations  

 Limited number of measurements  

 Tracking occlusions require manual corrections  

 Installation time  

 

 

 

 

 

 

 

 

 

Figure 3.  Optical -based tracking system (FIFA, 2018). 

 

1.3.2.2. Local Positioning System (LPS)  

Position data of players and athletes are widely used in sports performance 

analysis for measuring the amounts of physical activities as well as for tactical 

assessments in game sports. However, positioning sensing systems are applied in 

sports as tools to  gain objective information of sports behavior rather than as 

components of intelligent spaces (Figure 4). Radio wave based tracking systems have 

proven to be a more accurate alternative under training conditions, for both indoors 

and outdoors (Leser et al., 2011).  Some of the benefits or limitations of these 

technologies in sports are (FIFA, 2018):  

 

Benefits 

 High number of me asurements possible  

 Accuracy of measured data in real -time  

 Ultra-wide band  technology reduces chances of interference in transmission 

path  

Limitations  

 Fixed installation  
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 Installation costs  

 Installation time  

Figure 4.  Local Positioning System (LPS) (FIFA, 2018). 

 

1.3.2.3. GPS/GNSS satellite system  

Global positioning system (GPS) devices are commonly used in elite -level team 

sports as a way of tracking player movements and quantifying workloads (Figure 5). 

The limitatio ns of current GPS technology need to be taken into account when 

attempting to quantify player movements. Improvements in player -tracking 

technologies, which increase the resolution of devices so that they are more sensitive 

to rapid changes in speed or dir ection, are a potentially beneficial innovation in 

overcoming the current limitations of GPS technology. One possible solution to 

improving the aforementioned shortcomings with existing GPS units might be the 

global navigation satellite system (GNSS), a co llective term used to encompass all 

satellite navigation systems providing geospatial positioning with global coverage 

(Jackson et al., 2018). Some of the benefits or limitations of these technologies in 

sports are (FIFA, 2018): 
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Benefits 

 High number of measurements possible  

 Short installation time  

 Operator not needed  

Limitations  

 Device attached to player and device size are issues for match day usage  

 Satellite signal line of sight in stadium  

 Accuracy concerns of measured data  

 

 

 

 

 

 

 

Figure 5.  GPS/GNSS satellite system (FIFA, 2018) 

1.3.2.4. Current Systems for sport analysis  

Optical -based tracking system  

 SportVU 2.0 (Stats Perform): It delivers performance statistics by extracting 

coordinates of players and the ball with statistical algorithms to provide greater 

match insights and generate the data behind the latest Artificial Intelligence 

analysis software. 4K resolution cameras leverage high -quality imaging in 

complex situations to provide accurate data and power tactical and physical 

insights to fulfil team performance needs. Realistic, uninterrupted player and 

ball trajectories supplement traditional technical  insights. 

 Tracab: It uses non-intrusive technology. All game video is captured using 

its camera array. Intruding into the field of play is never an issue.  Leagues, 
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teams, players and referees do not have to make  any special provisions or 

change game rules . TRACAB tracks players and  balls optically and without 

interference. It is the only system  capable of calculating player and ball 

positions LIVE. Player performance and game -play metrics, such as distance 

run, speed, acceleration, stamina, team formations , set-plays and many more 

are captured. This data is  instantly available for play -by-play video analysis and 

viewed as compelling graphical visualizations. It uses Super -HD cameras and 

patented image processing technology to deliver live tracking of all mo ving 

objects with a maximum delay of just three frames. Two compact TRACAB 

Super-HD Camera units use stereo technology to ensure that the entire playing 

surface is constantly filmed from several angles. The cutting -edge software 

analyses every image to ext ract X, Y and Z positions for each object resulting 

in true three -dimensional tracking in real -time.  

 ASPOGAMO System: It includes a tracking system that determines player 

trajectories in camera views based on TV broadcasts. To do so, ASPOGAMO 

solves a complex probabilistic estimation problem that consists of three 

subproblems that interact in subtle ways: estimation of camera direction and 

zoom factor, detection of players and team affiliations and tracking of multiple 

players, and disambiguation of tracked  players after occlusions. The 

Aspogamo game perception component consists of four components: Vision, 

State Estimation, Track Editor, and Motion Model Generator. The Vision is 

responsible for image processing tasks and the State Estimation is used to 

estimate camera parameters and player positions as well as forming player 

tracks. ASPOGAMO processes a video-stream by performing the following 

steps for each image: First, the Camera Parameter Estimation predicts camera 

parameters for the current frame using optical flow from the Correspondence 

Finder. Second, the Player Detection determines player blobs taking into 

account the hypotheses generated by the Tracker. Third, knowing the camera 

parameters, player positions and their uncertainties are calculated in the Player 

Position Estimation from the measurements made by the Player Detection. 



 

50 

They are forwarded to the Tracker, where individual positions are combined 

and associated over time, and hypotheses for the next time step are generated.  

 Mediacoach: It is a  multi -camera tracking system that has a frequency of 25 Hz. 

To collect data, 8 different cameras were situated strategically in order to 

follow and track the players on the field throughout the match. It records from 

several angles and analyzes X and Y positions for each player, resulting in 

three -dimensional tracking in real time (tracking data were recorded at 25 Hz 

per second). Mediacoach® is also based on data correction of the semi -

automatic video technology (the manual part of the process). This corr ection is 

made by an overlay of the X coordinate, provided automatically by the system 

for each player on the real video image of the match. This detects and visually 

corrects the situations in which the positioning coordinates are erroneous 

because they move away from the position of the player to whom the data 

belong.  

 Instat: Video is captured with professional video cameras, installed in pairs on 

each of the two main stands of the field.   The portable InStat fitness system set 

includes 2 video cameras in stalled on tripods on one of the stands and each of 

the cameras covers its half of the field. The data is sent to the production center 

of InStat where it is processed. The data processing procedure consists of 

several stages. Primarily automatic video mat erials processing including 

generation of 2D field model of the materials received during the system field 

capture considering the field size and generating primarily trajectories of 

moving. Secondary video materials processing including InStat analysts 

processing the primarily trajectories, eliminating potential errors which can 

occur in complicated moments of the data processing.  That data-checking 

«®^qk s|gz¯ik« «¯§kª´s«~ªí« grkgys|q ®rk «kg~|i^ª· §ª~gk««ki i^®^ f· 

comparing the trajectories received by «·«®k{ µs®r ®rk ªk^z §z^·kªí« 

moving.  For that supervisor uses the special InStat software.  This stage is 

g^ªªski ~¯® p~ª ´kªspsg^®s~| ~p ^zz ®rk §z^·kª« ^|i ªkpkªkkí« {~´s|q ~| ®rk pskzi 

at the same time.  During the last stage the most experienced special ists of the 
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of the production center make the super checking at providing the final version 

of InStat fitness report.  

Local Positioning System (LPS) 

 CATAPULT ClearSky T6: It is an athlete tracking technology developed by 

Catapult Sports which focuses on physical and tactical performance of the 

players. It provides an unparalleled insight to both the players and the trainers 

on the potential of each individual on the te am. This system is composed  by 

accelerometer 3D, magnetometer 3D, Real -Time data by using license -free 

ultra wideband up to 120 players simultaneously at 10Hz, Wireless (bluetooth 

connection for imbibing external wireless device connectivity) and gyroscope  

3D. 

 ChyronHego ZXY Arena: It is a high precision tracking system for sport 

performance analysis. It is designed for fixed installations, such as dedicated 

training facilities, sports science research installations, or competition arenas. 

ZXY Arena uses advanced technology for both its positioning and data 

communication, and it can be used in either indoor or outdoor environments. 

It is a high performance system, with tracking data rates of up to 100Hz and 

higher from each wearable transponder with zero dat a packet-loss. Stationary 

radio frequency sensors, called ZXY RadioEyes®, capture radio signals emitted 

from wearable transponders. Stereographic images are presented live when 

two or more stationary sensors are in simultaneous operation. When four 

station^ª· «k|«~ª« ^ªk ~§kª^®s|qÏ \XYí« M^is~/·k«í §ª~§ªsk®^ª· pk^®¯ªk« {^yk« 

it possible to realize accurate live tracking of all players on the field. Data is 

provided live and is complemented by additional data from highly sensitive, 

integrated motion sensors such as accelerometers, gyroscopes and 

magnetometers. Integrated Bluetooth connectivity enables other sensors and 

devices, such as heart-rate monitors, to be attached and their data 

communicated live. All collected data is transmitted live back to analysis  and 

management software, and is available for monitoring through live data 

visualization. 
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 Inmotio: It is a precise wearable technology for capturing sports data. Based 

on its Local Positioning Measurement system (LPM) it provides accurate 

position data in  real-time (Figure 6). It is a RFID-technology (Radio Frecuency  

Technology - Frequency Modulated Continuous Wave) based system that 

{k^«¯ªk« ®rk §~«s®s~| ~p §z^·kª« ^|i ^®rzk®k« isªkg®z·Î 7|{~®s~í« >J? 

technology is famous for the precise measurement of agility (acceleration) and 

explosivity which both are critical va riables in modern football. Although the 

system delivers extra inertial sensor data, the speed and agility metrics are 

purely based on position data. By combining precise performance data, heart 

rate, video and comprehensive coaching software, the LPM syst em measures 

everything professional performance teams require. Through the coaching 

application, accurate real -time data is processed based on your preferred 

settings and presented through tailor -made reports in combination with 

personalized video.  

 

Figur e 6. LPM technology (Silva et al., 2015; Adapted from Inmotio, 2015).  

 

 Kinexon: It provides player tracking and delivers athlete monitoring data in 

real-time. The RF technology guarantees a centimeter -accurate 3D-position 

tracking data æboth indoor and ou tdoor. Benefit from motion data and detect 
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accelerations, decelerations and changes of direction. Integrate add -on data 

such as heart rate that is transmitted on the fly. The system incorporate triaxial 

accelerometer, gyroscope and magnetometer.  

 NBN23: The system is commercially known as NBN23 (Nothing But Net, 

Valencia, Spain) and is composed of two different elements. First, the system 

hardware was created by the Finnish company Quuppa (Nokia Corporation, 

2014). This technology consists of locat ors and the devices that the players 

carry (tags) which were placed on the waist, at the back of the trousers at the 

height of the sacrum. This position represents the approximate position of the 

center of mass of the subject and avoids a possible shieldin g of the signal with 

®rk §^ª®sgs§^|®í« ~µ| f~i·Î P^q« ^ªk k{s««s~| ik´sgk«Ï ^|i ®rk «·«®k{ µ~ªy« 

by triangulating the signal they emit. The frequency at which they send 

information can be varied between 9, 17, 33, and 50 Hz. The frequency band 

is 2.4 GHz, the system delay is 100 ms with a capacity of 400 information 

packets per second. Secondly, the specific software for the LPM system is 

Nothingbutnet v1.1.3 (Spain, 2016). This software adds a Kalman filter to the 

position coordinates (given in terms of  X and Y) provided by Quuppa to reduce 

noise and measurement error with a cut -off frequency of 3 Hz. The distance 

traveled is calculated through the position changes on the  X and Y axes.  

 

GPS/GNSS satellite system 

 VECTOR S7 (CATAPULT): Catapult Vector combines GPS and LPS functionality, 

enabling the seamless transition between indoor and outdoor environments 

for both training and competition. Engineered to perform in demanding team 

sport conditions, Catapult Vector utilises the latest Global Navigation Satall ite 

Systems (GNSS) technology and a carefully-considered design to deliver 

market -leading tracking data. Catapult Vector derives heart rate via ECG 

directly from the sensor -embedded premium garment. This delivers high 

quality heart rate data and completely  eliminates the need for any additional 

heart rate hardware.  
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 /VB Ý+"P"JQ>P 5JN§~ª®«ÞÐ /VBí« ª^§si i~µ|z~^i «§kki« qs´k ¯«kª« 
immediate access to insights. Using FastSync, EVO is designed to deliver a 

powerful, efficient and user -friendly experience. EVO co mbines load 

management capability with a compact, ergonomic design. Providing critical 

performance insights, EVO creates a framework for preparation, recovery and 

rehabilitation. EVO is a seventh -generation device from GPSports (now a 

Catapult brand), brin ging to market the smallest and most powerful device 

from 14 years of research and development. EVO has the fastest download 

speeds of any elite athlete tracking device.  

 \XY 5B Ý+r·ª~|6kq~ÞÐ 7® s« §^ª® ~p +r·ª~|6kq~í« §~ª®p~zs~ ~p µk^ª^fzk 
tracking technol ogy solutions for sports, is a comprehensive and portable 

satellite -based tracking system designed with the highest precision 

positioning components and live radio transmission technology. It can be used 

in outdoor environments in any sport, and it comes i n a self-contained flight -

case for taking on the road when training or playing away from home. It is 

designed using the very latest in satellite tracking technology, including GPS, 

GLONASS and Galileo-ready, to provide highly accurate positioning. ZXY GO 

is further enhanced by a reference station that provides real -time correctional 

information to raw satellite positioning data, which compensates for the large 

variations that can occur with changing atmospheric conditions and other 

contributing factors. ZXY  GO comes with a handy tool, the Coach GO Remote 

App. Coaches are able to control sessions, see live and captured data, and 

review performance post -session. 

 WIMU PRO (RealTrack): WIMU PRO is a team player, designed to incorporate 

and collect data from a va riety of external devices, wearables and sensors, 

process the data and deliver to one single platform where all values and results 

can be viewed and worked along the same timeline. No saturation, loss of data 

or variation. It offers this world of possibili ties with a User Friendly wearable 

tracking system, to deliver real time and Post session data, easy to install and 

mobile both indoor and outdoor to capture all performance data during home 

matches, away games and all coaching, training and gym sessions. One 
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system, compatible with any external ANT+ devices to deliver you the most 

complete key data, in one secure platform, available to you anywhere at 

anytime. It has powerful processors, raw Data and WIMU Cloud Systems; 

GPS/GNSS and UWB within 10 cm accuracy. Unique Hybrid System GPS/GNSS 

+ UWB to within 10 cm. WIMU PRO can collect and process data from any such 

device and deliver the results on screen within the WIMU PRO system menu, 

no need to create separate software User applications or files, no need f or 

multiple systems, all you need - in one place. There is an ever growing number 

of interesting and valuable devices, what started with Heart Rate monitors and 

chest straps now includes complex Muscle Oxygen readers, Blood Oxygen 

levels, Potentiometers an d many more.  

 APEX PRO (STATSports): Apex integrates the latest technologies on the 

market, including; augmented 18Hz GPS, 400Hz accelerometer and Bluetooth 

LE. Using a highly optimised and powerful  embedded processor, Apex has the 

capability to calculate o ver 50 metrics in real time  on the device. The custom 

GNSS engine uses the maximum number of visible satellites from multiple 

GNSS systems to provide accurate and reliable positioning data. Apex 

positional data is augmented by utilising satellite -based aug mentation systems 

(SBAS). This positional data is further augmented by the unique MAPPS 

technology to ensure accurate data feedback. STATSports Apex utilises the 

latest Bluetooth LE to connect with multiple devices at any one time including; 

heart rate sensors, EMG shorts, smart watches and tablet devices. This 

connectivity allows Apex to become the centre of a full body network. Apex 

collates data from these devices and presents it all in concise reports through 

of an innovative, user -friendly software sol ution. All Statsports Apex data can 

be transferred, stored and accessed from a cloud infrastructure. This allows, 

coaches, managers and federations access to the information they need in any 

place at any time on different device platforms including mobile,  tablet and 

desktop.  

 

 



 

56 

1.3. 3. State of art  

Sports teams are a complex system which combines high intensity period and 

recovery phases, related to frequents accelerations and change of directions, as well 

as technical actions (Barbero -Álvarez et al., 2010). In this sense, physic and tactic 

behavioural is a crucial factor in the performance match, so it is required to specified 

space management, time and individual actions of the team in order to win the game 

(Fradua et al. 2013). For the purposes  of assuring a successful execution in all  tactics 

levels, the coach has to understand the situation of the team, adversary and contextual 

factors as a home play or even the weather (Mackenzie & Cushion, 2013). Previous 

studies revealed that tactic successful  depending  on the individual capacity to deal 

with the situation and  the actions  required (Rein & Memmert, 2016). The influence of 

opponent level in total distance covered and the time spent by players in different 

speed zones. Carling (2011) evidenced a vari ety in physiological, technical and 

distance cover parameters between two differents tactical formations (4 -2-3-1 y 4-4-

2). Finally, authors as Sampaio et al. (2014) discovered the effect of the tactical 

imbalance of team in physiological load from players .  

 

Furthermore, a direct relation between technical parameters and tactic 

performance of the team. The conducted research proved that actions such as 

possessions, the start of the attack in the final third of the field or passes in depth would 

increase the success (odd ratio) against balanced defences, but in the case of 

unbalanced defences, other types of variables had a greater role. Fernández -Navarro 

et al. (2016) found that the possession, lateral passes and passes from the third 

defensive to the third  attacker as predictors variables of team play style. Thus, 

multivariant models (Figure 7) which include intrinsic and contextual variables are the 

solution to the analytical evaluation of tactical parameters (Fernández -Navarro et al., 

2016; Rein & Memmert , 2016). 
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Figure 7.  Triggers for tactical performance in football . 

 

Technological advancement of elite football has facilitated the analysis of the 

tactic parameters through multiples cameras analysis system, deployed in all 

European leagues. Those analysis systems have evidenced a similar validation to GPS 

devices, with a standard error of less than 5% (Di Salvo et al., 2006). In this way, 

although current technology has allowed processes underlying tactics in team sports 

to increase over the years, scientific approach has not developed at the same velocity. 

A possible sol ution related to the creation of predictive models and combining various 

data sources of tactical variables, an increase of Big Data technology could be 

{^®kªs^zsºkiÎ Prk *sq -^®^ ikps|s®s~| s« ^««~gs^®ki µs®r ®rk Á êVëÐ ´~z¯{kÏ ´^ªsk®· ^|i 

velocity (Noor et al., 2015). Big Data aims to provide a standardized methodology for 

researchers to access complex processing algorithms that make it possible for non -

expert users to apply novel analysis technologies to their data (Goecks et al., 2010).  

 

The progress of  computing has made it possible to obtain position data on the 

movements of players (Baca et al., 2009). Position tracking systems establish the player 

and ball position in the x coordinates (parallel to lateral lines) and  y coordinates at 25 

frames per second, equivalent to approximately 135,000 positions per subject and 

game, and a total of about 3,100,000 positions between all players and the ball. The 

compilation of all this data and its subsequent analysis will facilitate the simplification 
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of theory a nd practice in sports. In this sense, while physical parameters such as 

distance travelled or speed have already been analyzed in recent years, there is little 

scientific evidence evaluating tactical parameters in team sports.  

 

To determine the tactical b ehaviour of the players or teams, a series of variables 

are required to demonstrate the behavioural dynamics of these agents. The centroids, 

stretch rates, depth and width, as well as the surface areas of the equipment seem to 

provide a solid basis for ana lyzing the collective behaviour in attack and defence team 

dynamics (Memmert et al., 2017). Within these concepts, the team centroid, defined 

as the middle position of all the players in a team, presents low variability when trying 

to measure the coordinat ion between players in a soccer match. However, the 

variation between each player and their specific position (individual centroid) has 

been identified as a potential variable to know the dynamic behaviour of the player 

with greater precision (Sampaio & Ma ças, 2012).  From a dynamic system perspective, 

the high variability in the distance between teams (distance between the centroid of 

two teams) is expected to reflect disturbances in the balance between team 

behaviour, which precede critical events of the game such as game occasions goal 

(Memmert et al., 2017).  

 

The variables that can be obtained through the Multiple -camera match analysis 

system and the other technologies mentioned above, allow us to differentiate 

physical, tactical and technic load indicat ors, as well as their combination into possible 

new calculation variables.  

 

The use of these data together in predictive models is one of the high topics for 

research in Sports Science (Rein & Memmert, 2016). Specifically, previous researches 

have included  intrinsic variables of physical performance [Maximum speed (Vmax) 

and medium speed (Vmedium) in 15 min intervals; Distances traveled at different 

speeds: stopped (0 -2 km / h), walking (2 -7 km / h), smooth running (7 -13 km / h), fast 

running (13 -18 km / h) , high-speed running (18 -21 km / h) and sprint (> 21 km / h), in 

15 min intervals; Number, medium distance traveled and a maximum speed in sprints 

(> 21 km / h); Peak acceleration; Number of accelerations of soccer players in different 
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speed ranges 1.5 and  2 m / s2; 2 and 2.5 m / s2; 2.5 and 2.75 m / s2; > 2.75 m / s2, in 

15 min intervals] and technic [Number of passes, ball control, tackles, headed shots, 

shots on goal, corners and free kicks by areas: defensive area (third of the field closest 

to the defe nsive zone), central area of the field of play (central third of the field of 

game) and offensive area (third of the field of play closest to the rival goal) at 15 min 

intervals; Number of short distance passes (<10m), average (> 10m) and minimum 

distance (<2m) by area, in 15 min intervals; Number of shots on goal in 15 min 

intervals; % ball possession at 15 min intervals; Tackles and interceptions at 15 min 

intervals]. 

 

1.3.4. Utility  

The technologies described in this chapter facilitate the infor mation collection 

connected with physical and technical -tactical parameters in indoor and outdoor 

sports. This information is a tool which reduces uncertainty in the decision -making 

process of trainer or  the coaching staff  of the football teams or athletes . 

 

The applicability of the information obtained by this technology can be 

oriented  in different areas of execution:  

 Injury prevention: physical load control of the players is one of the major 

objectives searched by the physical training department of the teams or 

athletes. Knowing the internal and external diary load of the athlete allow to 

readjust training objectives and optimize physical performance patterns. 

These systems can be synchronized with heart rate monitoring, which 

facilitates the knowledge of internal load generated by training stimulus, as 

well as a mechanical load which the athlete is subjected.  

 The orientation of training tasks: the information provided by this technology 

allows identified critical competition sceneries, in other words, the highest 

demands which an athlete is subjected to when facing a match and/or sports 

competition in which the ir objective is to achieve the best result. The 

identification of these physical demands allows  training tasks  to be oriented, 
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as well as their planning and the adaptive process consecution which enables 

the athlete to cope with these competing demands whe n subjected to them.  

 Technical-tactical development: the provision of the positional data of the 

athletes enables to identify the limitations and strengths of them regarding the 

tactical behaviour. In team sports, the interaction between the components of 

the same team, as well as the presence of the opponent position which is 

essential for obtaining the results. For this reason, the information provided by 

these technological systems allows the establishment of interaction networks 

with the aim of knowing the tactical behaviour of the team, in order to enhance 

the identified weaknesses and guide training task based on quantitative 

information.  

 

1.3.5. Accessibility  

These technologies have been consolidated in professional sport. However, they 

present limita tions related to their implantation, due to some of them required 

permanent installation which is incorporated into the facilities where the competitions 

take place but are not available in the training. The price of technology with maximum 

functionality i s high. However, the increase in supply in an increasingly competitive 

market has allowed the development of more affordable technologies that can be 

applied in amateur sports and facilitate individual use.   

 

Low-cost lines of these technologies allow amat eur sport to technological 

evolution, as well as obtaining sufficient information to promote the development of 

the non -professional sport. The emergence of companies such as Instat, Footer or 

Wyscout, which include non -professional sports in their framewo rk of action, have 

facilitated greater knowledge and development of amateur sports.  
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1.4.  Technologies for data storage, data analysis and 
visualization  

1.4.1. General description  

Access to large database and the large number of technical, tactical  and physical 

performance parameters that exist in sport field have led to the emergence of 

powerful technologies and methodologies for technicians and clubs. Many of them 

have adapted from existing tools in different companies and sectors, with great 

appl icability to the sports field. However, many other systems have been developed 

specifically for certain areas of training and analysis in sport.  The technology identified 

in this section is composed of three interrelated elements: data storage, data analys is 

and visualization.  

 

1.4.1.1. Data storage. Cloud systems  

Data storage consists of computer systems that allow you to save information in 

real time and to be able to access it at any time and place. Even the possibility of 

synchronizing information collected from different sources easily and directly. The key 

s| ®rk ik´kz~§{k|® ~p ®rs« ®kgr|~z~q· s« ®rk µsik ´^ªsk®· ~p «kª´kª« ~ª ìgz~¯i«í ®r^® 

allow data to be stored on the network, instead of the classic physical format. In 

addition, thi s also includes those database technologies, which allow access and 

unification of data from different (SQL technology or similar) points. With minimal 

knowledge, it is possible to save large amounts of time when taking advantage of all 

the information acc essible to clubs and academies. It should be noted that cloud 

services have evolved and currently offer different services to their users, among which 

we highlight:  

 Infraestructure -as-a-Service (IaaS):  Infrastructure as a service that the client 

rents and is fully scalable depending on the needs.  

 Platform -as-a-Service (PaaS):  Platform as a service where you can have the 

right tools for cloud development avoiding system overloads.  

 Software -as-Service (SaaS):  Software as a service that allows the rental of 

licenses depending on the needs of each user.  
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With these new systems integrated in the cloud, a very important cost reduction is 

guaranteed for clubs, since the capital allocated for hardware is reduced to 0 and, 

above all, data security is maximized when s tored on a server.  

 

 

 

 

Figure 8.  Iconography of cloud systems in the market  

 

Within the data storage, we can highlight the following clouds applicable to the sports 

sector:  

 Microsoft Azure:  It is defined as a cloud platform which offered its service and 

hosted in Microsoft data centers. Azure has different services for applications. 

These range from services hosted in their data processing centers (Microsoft 

Cloud Computing) to secure commun ication services. One of the most 

interesting services offered by this cloud is Congnitive Services. This product 

combines many APIs and encompasses different scenarios within the data 

analysis. All its services are supported by Machine Learning systems, a  branch 

of artificial intelligence whose objective is to create programs capable of 

generalizing behaviours based on the information provided in the form of 

examples. This type of learning is very interesting since it allows to automate 

the process of rela tionship of entities, and in this way save a great deal of time 

in the search for sports performance patterns. The APIs offered by this cloud 

can be divided into 5 groups: Language; Speech; Knowledge; Search; Vision. 

In addition to the APIs, Microsoft Azur e offers us other very interesting services 

for the topic at hand, such as Azure Stream Analytics. This is a real -time analysis 

service in bulk in several data streams or in other languages such as SQL. This 

cloud has the advantage that it uses simple mo dels, which facilitate its use and 

eliminate the need for specific knowledge in data processing systems. In 

addition, it offers a free portfolio of tools available in the cloud to carry out 

activities with order, agility, security, privacy and effectivenes s. 
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Figure 9.  Congnitive Services APIs Microsoft Azure.  

 

 Google Cloud: It is a platform that brings together all the web development 

applications that Google was offering separately. It is used to create solutions 

through the technology stored in the cloud and allows highlighting the speed 

and scalability of its infrastructur e in the applications of the search engine. 

Google Cloud, like the rest of the clouds in the market, allows you to eliminate 

hardware, facilitating access, storage and data management. One of the great 

advantages of this system is its interface. It is clean and easy to navigate; it also 

becomes a very attractive tool for data analysis. Cloud Machine Learning is 

integrated into Google Cloud, which also offers machine learning services with 

TensorFlow, a collection of very interesting APIs for: Image analysis  (Vision API), 

Speech-to-text conversion (Speech API), Text translation automatic (Translate 

API), and written text analysis (Natural Language API). However, the value to 

highlight is the Cloud Datalab service, an interactive tool created for data 

analysis and visualization, as well as the creation of Machine Learning models, 

offering:  

o Integration and Open Source: Based on Jupyter (old IPython). It 

allows data analysis with Google BigQuery or Google Cloud Engine, 

using the Python, SQL and JavaScript system, which are simple 

programming languages for all audiences.  

o Data management and visualization: It allows obtaining 

information from the data, exploring, transforming, analyzing and 

interactively viewing the information.  
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o Machine Learning: Like Microsoft Azur e, Google also has learning 

models ready for predicting models to improve data exploration 

and evaluation.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.  Services offered by Google Cloud Platform . 

 

 IBM Cloud: This service, old Bluemix, is the IBM open cloud platform, where 

the Watson service is hosted. Perhaps the service par excellence of this cloud. 

We are facing a pioneering technology in cognitive computing. Thus, IBM gets 

users to interact with machines in  a similar way to how people do it. Watson 

reads and understands natural language. The company itself describes it as an 

application of advanced technologies designed for natural language 

processing, information retrieval, knowledge representation, automat ic 

reasoning and machine learning to the open field of search for answers, which 

is built on the basis of IBM DeepQA technology for the generation of 

hypotheses, the collection of massive tests, their analysis and qualification. This 

cloud offers the servi ces of Watson, IoT, APIs, Network, Storage, security, 

DevOps and application services. Within the APIs integrated in the Watson 

service, it is necessary to highlight Watson Analytics. It is a technological 

platform in the cloud that helps the exploration a nd analysis of data through a 

very advanced system of visualization and analytical prediction. The main 

advantage of this API is to interact with the user through a natural language 


















































































































































































































































































































































