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Cross-country skiing skating techniques combines several types of sub-techniques such as V1, V2, V2a, Turn. If we
can clarify what sub-techniques are used throughout the course to enhance the performance of the athletes, we can indicate
the direction of training for each individual athlete. Using a kinematic GNSS (sampling frequency 100 Hz), we aimed to
improve the discrimination accuracy of the sub-techniques of and to derive an algorithm for automatic discrimination.
One adult male athlete and one middle school male athlete were analyzed during a skate-style 4.2 km time trial recorded
with a GNSS attached to the skier's head. A video camera was mounted on a snowmobile and followed the athlete to
detect the type and number of cycles of each technique used throughout the time trial. Based on the GNSS trajectories,
different patterns of head displacement (vertical head movement and direction of movement) for each skating technique
were defined. The accuracy for each technique, discriminated from the waveform of the vertical motion and the pattern
of the appearance of peaks and troughs obtained from the GNSS data of the head, was 96.6.% for V1, 98.2% for V2,
97.5% for V2a, and 95.7% for Turn, and 16.7% for the others. The total accuracy rate was 97.1%. In this study, the Turn
was discriminated with a 95.7% accuracy rate based on data collected from a high-precision GNSS instrument. It was

found that the timing of the appearance of peaks and troughs of the waveform can be patterned by each sub-technique.
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Fig. 1 Course profile in this experiment measured by used kinematic GNSS position data.
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7 Fig. 2 How to view waveform data obtained from GNSS data.

[No.23-57] BAMMESR RO L AIR—Y IR - Ea—IF (535X 2023 (2023.11.10, 254>, 11.11—11.12, BHE)



V2 V2
Vi1 Vi 03 - - w " -1
0.3 ) n -1 [ - L] -
[ ] [ ] [ ] = L
E 2 : o9 £ 0 o -
S 02 Log = g - 08 B
g E < L0078
g 07 g E o1 -
g v 2 h=} L 06 =
g L 06 = » g
& 0 L 05 £ ] 0 F05 ®
o V= c —
g S 2 - 04 o
3 Bl S 01 g
Z -01 o3 2 e F03 2
=) < g =) g
g 02 022 g 02 0% g
I ‘ o1 T S 01
-0.3 0 -0.3 0
0 10 20 (m) 0 10 20 (m)
Fig. 3 An example of successive V1 obtained from GNSS data. Fig. 4 An example of successive V2 obtained from GNSS data.
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Fig. S5 An example of successive V2a obtained from GNSS data.
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Fig. 6 An example of successive Turn obtained from GNSS data
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Table1 The number of cycles counted by video, kinematic GNSS. and %Match (GNSS/video) in 4.2 km skating ski time trial.

GNSS Identification Total %Match
\VA V2 V2a Turn Other None (GNSS/Hvideo)
V1 368 2 5 5 0 1 381 96.6
V2 0 673 2 7 0 3 685 98.2
Video V2a 2 1 195 1 0 1 200 97.5
Check Tum 3 1 180 0 1 188 95.7
Other 1 0 0 1 1 6 16.7
None 2 0 1 0 4
Total 376 677 209 194 1 7 97.1
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Table 2 Percentage of each sub-technique used by kinematic GNSS in 4.2 km skating ski time trial.

Technique Frequency of use (%)
V1 26.0
V2 46.8
V2a 13.7
Turn 12.8
Others 0.7
Total 100
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Fig. 7 Up-down and Side motion patterns for each subtechnique.
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