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-> +13÷+27% level walking V’O2 ME;

-> -22% uphill walking V’O2 ME;

-> overestimate of walking, running V’O2 ME;

-> overestimate of wheelchair users activities V’O2 ME;

-> underestimate of obese subjects resting V’O2 ME;

-> overestimate of obese subjects exercise V’O2 ME;

-> good accuracy of daily DLW ME;

-> underestimate of uphill walking, running V’O2 ME

2019 study example 1Second generation accelerometers
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SenseWear Armband in Athletic Populations
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Global Positioning System

– Global Positioning System (GPS) is a 
space-based satellite navigation system 
that provides location and time 
information in all weather conditions, 
anywhere on or near the Earth where 
there is an unobstructed line of sight to 
four or more GPS satellites;

– provides critical capabilities to also 
commercial users around the world;

– is maintained by the USA government 
and is freely accessible to anyone with 
a GPS receiver;

http://en.wikipedia.org/wiki/Satellite_navigation
http://en.wikipedia.org/wiki/GPS_receiver
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Global Positioning System
– GPS receiver calculates its position by precisely timing the signals sent by 
GPS satellites high above the Earth. Each satellite continually transmits 
messages that include:


. time the message was transmitted;


. satellite position at time of message transmission;

– receiver uses the messages it receives to determine the transit time of 
each message and computes the distance to each satellite using the speed of 
light;

– each of these distances and satellites' locations define a sphere. The 
receiver is on the surface of each of these spheres when the distances and 
the satellites' locations are correct;

http://en.wikipedia.org/wiki/Satellites
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Global Positioning System

– using only three satellites -> latitude and longitude (+ current 
time);

– using at least four satellites –> latitude, longitude, elevation 
(based on a predefined geoid) (+ current time);

– three segments: space (<- US Air Force, 24÷31 satellites), control (<- US 
Air Force, master control station, alternate, four ground antennas, six monitor stations), 
user (i.e., hundreds of thousands of military, tens of millions of civil GPS receivers);

http://en.wikipedia.org/wiki/Latitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Latitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Longitude
http://en.wikipedia.org/wiki/Longitude
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Global Positioning System
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Global Positioning System

– other current, future satellites systems
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Global Positioning System

Schultz et al., 1997
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Global Positioning System

Ardigò et al., 2012

– publicly available speed, gradient 
GPS data -> literature-led metabolic 
cost estimate equations -> daily ME;

170



measures

171

Global Positioning System

Noury-Desvaux et al., 2011
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Global Positioning System

Ardigò, 2010
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Geographic Information System
– Geographic information system 
(GIS) is a system designed to 
captu re, sto re, man ipu late, 
analyze, manage, and present all 
types of geographical data;

– a GIS develope d for an 
application, jurisdiction, enterprise, 
or purpose may not be necessarily 
interoperable or compatible with a 
GIS that has been developed for 
s o m e o t h e r a p p l i c a t i o n , 
ju r i sd ict i o n, ente r pr i se, o r 
purpose;

http://en.wikipedia.org/wiki/Geographic_data


measuresGeographic Information System
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Global Positioning System

Maddison et al., 2010
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Global Positioning System

Maddison et al., 2010
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Global Positioning System
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Global Positioning System



running bio-mechanics/
energeticsGood to know... II

di Prampero et al., 2005
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Global Positioning System
– i-Blue 747A+, TSI, Hsinchu, Taiwan;

– €50;

– one main applications: photographs’ geo-tagging;

– MTK II 66 channels 5 Hz;

– cheaply measured speed (-> acceleration) GPS data -> 
literature-led metabolic cost estimate equation -> 
soccer refereeing ME;

Ardigò et al., 2015
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Differential Global Positioning System

– Differential Global Positioning System (DGPS) is an 
enhancement to GPS that provides improved location accuracy, 
from the 15-meter nominal GPS accuracy to about 10 cm in 
case of the best implementations;

– DGPS uses a network of fixed, ground-based reference 
stations to broadcast the difference between the positions 
indicated by the satellite systems and the known fixed positions. 
These stations broadcast the difference between the measured 
satellite distances and actual (internally computed) distances, 
and receiver stations may correct their distances by the same 
amount. The digital correction signal is typically broadcast 
locally over ground-based transmitters of shorter range

http://en.wikipedia.org/wiki/Global_Positioning_System
http://en.wikipedia.org/wiki/Satellite
http://en.wikipedia.org/wiki/Pseudorange
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Differential Global Positioning System
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Differential Global Positioning System

Andersson et al., 2010
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Supej, 2010

GNSS+IMU



measures

185

GNSS+IMU

Nemec et al, 2014
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Global Navigation Satellite System
1) Smart phone: HTC Sensation HD (HTC Co., Taoyuan City, Taiwan)

2) Wrist watch: Garmin Forerunner 305 (Garmin International Inc., Kansas 
City, KS, USA)

3) Handheld device: Locosys Genie GT-31 (LOCOSYS Technology Inc., Taipei, 
Taiwan)

4) Professional system for testing engines and vehicles: Racelogic VBOX 20 SX 
(Racelogic Ltd., Buckingham, UK) with an external antenna B3G02G (Inpaq 
Technology Co., Ltd, Taipei, Taiwan)

5) High-end geodetic Leica RTK GNSS system (Leica Geosystems, Heerbrugg, 
Switzerland) consisting of a rover and a reference station, which had equal 
hardware components: RTK GNSS receivers (Leica GX1230GG), Leica survey 
antennae (GLONASS/GPS AX1202 GG) and Leica Satelline 3AS radio modems. 
The reference station was set up at the appropriate Leica tripod.
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Global Navigation Satellite System


