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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
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Other issues
– Specially patients are aware of being measured (effect of reactivity or 
interference) and therefore the use of portable instruments to measure PA 
might prevent them to perform some activities (e.g., a device could be used during a 
sport but not while having a shower, this may prevent the person from doing that sport);

– multi-sensor portable devices (e.g., Zephyr BioHarness, Hidalgo equivital)
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Other issues
– multi-sensor garments;

Tormene et al., 2012
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Other issues

– Inertial Measurement Units-based systems;

– IMU is an electronic device that measures and reports on a craft's 
(aircrafts, drones, missiles, spacecrafts, satellites, landers..., humans) speed, 
orientation, and gravitational forces, using a combination of accelerometers 
and gyroscopes, sometimes also magnetometers. Recent developments allow 
for the production of IMU-enabled GPS devices. An IMU allows a GPS to work 
when GPS-signals are unavailable, such as in tunnels, inside buildings, or when 
electronic interference is present;

– data collected from the IMU's sensors allow a computer to track a craft's 
position, using a method known as dead reckoning;

http://en.wikipedia.org/wiki/Orientation_%28geometry%29
http://en.wikipedia.org/wiki/Gravitational_force
http://en.wikipedia.org/wiki/Accelerometer
http://en.wikipedia.org/wiki/Gyroscope
http://en.wikipedia.org/wiki/Magnetometers
http://en.wikipedia.org/wiki/GPS
http://en.wikipedia.org/wiki/Dead_reckoning
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Other issues

– IMU works by detecting the 
current acceleration using one or 
more accelerometers, and detects 
changes in rotational attributes 
like pitch, roll and yaw using one 
or more gyroscopes. And some also 
include a magnetometer, mostly to 
assist calibrate against orientation 
drift;

http://en.wikipedia.org/wiki/Accelerometer
http://en.wikipedia.org/wiki/Flight_dynamics
http://en.wikipedia.org/wiki/Gyroscope
http://en.wikipedia.org/wiki/Magnetometer
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Other issues
– inertial guidance systems 
are now usually combined 
w ith satellite navigat ion 
systems through a digital 
filtering system. The inertial 
system provides short term 
data, while the satellite 
system corrects accumulated 
errors of the inertial system 
(an integration over time -> s -> s 
integration over time -> position w/e);

http://en.wikipedia.org/wiki/Satellite_navigation_system
http://en.wikipedia.org/wiki/Satellite_navigation_system
http://en.wikipedia.org/wiki/Satellite_navigation_system
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Other issues

Tan et al., 2008
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– IMU is often a box containing three accelerometers, three gyroscopes, 
optionally three magnetometers:


. three accelerometers are placed such that their measuring axes are orthogonal to each other. 
They measure  acceleration;

. three gyroscopes are placed in a similar orthogonal pattern, measuring rotational position in 
reference to an arbitrarily chosen coordinate system;

. three magnetometers in IMUs allow better performance for dynamic orientation calculation;

156

http://en.wikipedia.org/wiki/Accelerometer
http://en.wikipedia.org/wiki/Gyroscope
http://en.wikipedia.org/wiki/Magnetometers
http://en.wikipedia.org/wiki/Orthogonal
http://en.wikipedia.org/wiki/Gyroscopes
http://en.wikipedia.org/wiki/Magnetometers
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Other issues

– dead reckoning:

. (also ded (for deduced) reckoning or DR) is the process of calculating one's current position by 
using a previously determined position, or fix, and advancing that position based upon known or 
estimated speeds over elapsed time, and course;

. GPS receiver supports DR machine;

. GPS receiver (e.g., parking garages, tunnels, urban canyons, forest, multipath propagation) & DR 
machine support each other;

160

http://en.wikipedia.org/wiki/Fix_%28position%29
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– Xsens products
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Other issues
– Equinosis products
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– Wiva products
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Other issues
– horse gait 
analysis;

Olsen et al., 2012
165



measuresOther issues
– horse gait 
analysis;

Eckardt et al., 2014
166
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Other issues
– film industry;

Ted, 2012 167
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– infant trunk posture 
a n d a r m m o v e m e n t 
assessment

Riharetal, 2014 168
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Other issues
– TurfTrax wireless tracking system;

169
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Spence et al., 2008 170
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Spence et al., 2008
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– radio-frequency identification (RFID) chip;

– RFID is the wireless non-contact use of radio-frequency 
electromagnetic fields to transfer data, for the purposes of 
automatically identifying and tracking tags attached to objects;

– RFID tags contain electronically stored information;

– some tags are powered by and read at short ranges (a few meters) 
via magnetic fields (electromagnetic induction);

– others use a local power source such as a battery, or else have no 
battery but collect energy from the interrogating EM field, and then 
act as a passive transponder to emit microwaves or UHF radio waves 
(i.e., electromagnetic radiation at high frequencies);

– battery powered tags may operate at hundreds of meters;

– unlike a bar code, the tag does not necessarily need to be within 
line of sight of the reader, and may be embedded in the tracked 
object

http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Electromagnetic_induction
http://en.wikipedia.org/wiki/UHF
http://en.wikipedia.org/wiki/Radio
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Bar_code
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– RFID for timing races;

http://en.wikipedia.org/wiki/Transponder_timing
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Road cycling
MTB

Running Triathlon
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–>

Bidder et al., 2012
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177Halsey et al., 2009
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Muscovy Duck Great Cormorant Greylag Goose

Hog-nosed skunk

Coypu Magellanic Penguin

Southern Rockhopper Penguin Big hairy armadillo Bantam chicken

Human
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Lyons et al., 2013

Lobster
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Lyons et al., 2013
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Lyons et al., 2013
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Gharghan et al. 2014
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measures

How many steps/day are enough?

– 10,000 (Hatano, 1993);

– Tudor-Locke et al., 2004:

185

- <5,000 sedentary lifestyle;

- 5,000 ÷ 7,499 typical daily activity that does not include exercise or sports 

and can be defined poorly active;

- 7,500 ÷ 9,999 includes a bit of extra-work (and/or fatiguing work) and can 

be defined a little active;

-> 10,000 active lifestyle;

-> 12,500 very active lifestyle
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186Effect of online pedometer program on physical activity in Qatar
Al-Kuvari et al, 2014
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Al-Kuvari et al, 2014
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Specs


Vital sign: HR, HRV, temperature

Battery lifetime: Up to 10h (Rechargeable)

Charging time: Appr. 1h

Weight: 6,5g

Dimensions: 4,5 x 1,8 x 3,8 cm (H x D x W)

Radio frequency: 2,4 GHz

Compatibi lty: Bluetooth 4.0 & ANT+ 
(certification coming soon)
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Regazzoni et al, 2015
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Wearable technology
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– PA & ME overview;

– PA & ME measures overview;

– pedometry;

– first generation accelerometry;

– portable HR measure;

– V’O2 measure overview;

– DLW method overview;

– second generation accelerometry (purely physical sensors);

– second generation accelerometry (physical + physiological sensors);

– GPS;

– GIS overview;

– DGPS overview;
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– multisensor portable devices/garments overview;

– IMUs overview;

– TurfTrax overview;

– RFID chip overview;

– ODBA overview
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New methods for the evaluation of the energy expenditure in exercising humans in ecological conditions 

A three class module
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