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Technique detection of cross-country ski based on high precision positioning
system
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In this study, sub-technique was analyzed from the head movements of

cross-country skiers using a wearable kinematic GNSS. In cross-country skiing competitions, athletes
need to select the most appropriate sub-technique depending on the course and speed. In this study,
world-class athletes were equipped with a wearable kinematic GNSS and an action camera to perform
time trials, and their head movements measured by the GNSS were used to determine their
sub-technique.
As a result, the GNSS could measure the motion of the head with mm accuracy, and characteristic
waveforms were obtained for each sub-technique. The discrimination rate between GNSS and camera was
about 98%, which indicates that the head movement alone is sufficient to discriminate sub-technique.
Furthermore, a system was constructed to visualize the relationship between the sub-technique used
and the map, slope, and speed of the course, enabling rapid feedback of the running results to
athletes and coaches.
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GNSS
(count) (%) (count) (%) (km/h) (%)
377 49.9 379 49.2 21.1 99.5
1 . 292 38.6 290 37.7 15.2 99.3
49 6.5 57 7.4 14.5 86.0
38 5.0 44 5.7 9.2 86.3
35.3
Total 756 100.0 770 100.0 23.2 97.7
GNSS 97.7
2
GNSS
(count) (%) (count) (%) | (km/h) | (%)
V1 571 395 565 38.6 10.9 98.9
V2 667 46.1 676 46.2 18.6 98.5
V2a 202 14.0 209 14.3 23.4 96.7
Others 4 0.3 6 0.4
NPSK 2 0.1 6 0.4
Total 1,446 100.0 1,462 100.0 98.4
GNSS 98.4
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