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Football referees

– They cover total match distances similar to those covered by the most 
active players (i.e., midfielders; ≈10.5 vs. ≈11.3 km), while being much older 
(≈37.1 vs. ≈26.4 y).

vs.

Helsen et al., 2004; Ardigò, 2010 4



Match analysis

– Match analysis represents a continuum of sport statistics.
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Match analysis/2

W/SportVU 6



Match analysis/3

7



Match analysis team sports

Indoor 8



Match analysis team sports/2

Indoor/2 9



Match analysis team sports/3

Outdoor 10



Match analysis team sports/4

Outdoor/2 11



Low-cost match analysis of football refereeing

1 Hz,

€ 1 6 1 . 8 2 ( + 1 4 s h i p p i n g 
07/10/2019)
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Low-cost match analysis of football refereeing/2

Ardigò, 2010
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Low-cost match analysis of football refereeing/3

– Approach’s limitation: players are (were) not allowed to wear external 
measuring devices;

– study’s outcome: a low-cost methodology may be chosen by a broader 
number of referees to evaluate functionally their physical abilities.
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Match analysis: next level
– Total and high-speed covered distances not enough anymore;

– new focus by both trainers and scientists on acceleration;

– trainers: acceleration = capability to achieve required speed;

– scientists: acceleration paradigm, acceleration <- force <- muscles <- 
metabolic expenditure (see accelerometers use widespread diffusion).
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Acceleration and metabolic expenditure

– How to measure metabolic expenditure during physical activity?

– Portable metabograph??

– Bulky, fragile, expensive!!!
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Acceleration and metabolic expenditure: missing link

Minetti et al., 2002
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Acceleration and metabolic expenditure: missing link/2

di Prampero et al., 2005
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Acceleration and metabolic expenditure: practice

– Need for higher-sampling frequency (i.e., > 1 Hz).

– Available options: video-based systems (very expensive), accelerometer-
enhanced GPS receivers (expensive), high-frequency cinematography (need for 
much human work) or?

Osgnach…, & di Prampero,

2010 @25 Hz (players, 
matches)

Gaudino et al.,

2013 @5 Hz

(+accel @100 Hz, 
players, sprints)

Buglione & di Prampero,

2013 @210 Hz (players, 
shuttle sprints) 19



Acceleration and metabolic expenditure: practice/2

– “or”?

– Trip recorder (among main applications photographs’ geo-tagging).

5 Hz,

€ 47.83 (? shipping 07/10/2019)
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Acceleration and metabolic expenditure: data analysis
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Acceleration and metabolic expenditure: data analysis/2
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Acceleration and metabolic expenditure: data analysis/3

– Conversion of the C values (recorded @5 Hz, i.e., every 0.2 s) into the 
corresponding mass-normalised, metabolic power values (nMP [W/kg]) by 
multiplying C by its corresponding speed s (nMP = C · s);

[SOME ARITHMETIC!!! 1/3]
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Acceleration and metabolic expenditure: data analysis/3

– conversion of the so-obtained nMP values into instantaneous, activity, mass-
normalised, energy consumption (nMECi) values [J/kg] by multiplying nMP by 
0.2 s (nMECi = nMP · 0.2);

[SOME ARITHMETIC!!! 2/3]
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Acceleration and metabolic expenditure: data analysis/3

– calculation of the energy consumption due to activity (nMEC [kJ]) over the 
entire match by adding together all the aforementioned instantaneous values 
multiplied by the mass of the participant m (nMEC = (SUM(nECi) · m)/1,000);

– calculation of the mass-normalised, total energy consumption (tMEC [kJ/kg]) 
by adding the energy due to resting metabolism – assumed to be equal to 80 
W over the entire match duration d (tMEC = nMEC/m + ((80/1,000) · d)).

[SOME ARITHMETIC!!! 3/3]
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Acceleration and metabolic expenditure: results

– Referees’ both net match energy consumption nMEC and total mass-
normalised energy consumption tMEC higher than players’ ones. 26



Acceleration and metabolic expenditure: outcome

– Estimate of the energy expenditure of soccer referees during official 
matches even by using a very low-cost device as a commercial 5 Hz GPS 
receiver -> metabolic energy management planning feasible (within soccer 
refereeing clearly chaotic setting) -> subject/activity-specific diet & training 
planning feasible.
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Match analysis: next-next level

– Team (in addition to single players) as a 
single subject for testing/conditioning 
(i.e., as a single body to coach);

– e.g., specific pitch area coverage, 
“short”/“low” or “long”/“high” team 
layout, time to counter attack/half court 
line forward cross, time to come back to 
defence/half court line backward cross…
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Match analysis: current technological advances

– IMU-based or locally-enhanced GPS 
receivers;

– Galileo.
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Match analysis: current technological advances/2

20 Hz 50 Hz
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Match analysis: new rule
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