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Time Analysis in Men’s Slalom of Alpine Skiing
— Investigation of the FIS World Cup Yuzawa, Naeba, 2016—

A, BOERA D, A EE A
Kosuke Nakazatol), Yoshihisa Sakurai2), Yusuke Ishige3)

Abstract : To combine a time analysis of alpine skiing with own turn characteristics of skier plays an
important role to decide where skier should attack or not. This study aimed to analyze the correlation
coefficients between total time and all interval times determined by each gate, as well as those
between total time and all section times including some intervals, and to clarify the merit of interval
analysis method and the characteristics of the world top level’s skier. All participants in the first run
of the World Cup Slalom were recorded using seven high-speed cameras with a sampling rate of 240
fps, and 29 skiers from the top 30 were analyzed. The interval time was calculated by using the
number of frames between each gate, then, divided by the sampling rate. The course was divided into
six sections based on the terrain. By using the interval time, the interval time ranking, the instant
position of each interval and run time at the end of each section were calculated additionally. For all
correlation analyses, the Pearson’s correlation coefficient (r) was calculated. Furthermore, all subjects
were divided into three (High, Middle, Low) groups. The interval time ranking and the run time at
the end of each section among three groups were compared by using ANOVA. All statistically
significant was set at p < 0.05. Hence, there were strong correlations between the total time and all
section times. The correlation results indicated that 50 interval times were significantly correlated to
the total time (r = 0.369; p < 0.05) as well as to the previous interval time (r = 0.384; p < 0.05).
Therefore, it can be concluded that the skiers in the shorter total time were faster in most sections and

more than 70 % of intervals, especially, open gate setting.
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(a) Open gate setting

(b) Delay gate combination
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(c) Vertical combination (d) Hairpin-combination
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Figure 1. Illustration of basic four types of gate setting for slalom. Skier skis following black dot line
through red and blue gate alternately. The black dot line in figures describes a skier's path.
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Figure 2. Illustration of the course and camera setting. The course was divided into six sections. Seven high-speed

cameras (C1~C7) were placed along the course to film whole intervals.
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Figure 3. Illustration single pole slalom and delay gate
analysis. The blue gate with number of 34.5
demonstrates the delay gate at which skier do not
change their direction.
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Table 1. Results of correlation coefficient of the Total time and all section times.

Total time  Section I ~ Section 2
Total time 0.798 "  0.809 ™
Section 1 0.558 ™
Section 2
Section 3
Section 4
Section 5

4 p<0.01, * p<0.05.

Section3  Section4  Section 5  Section 6
0.807 " 08637 0.685"  0.781"
0.637™  0.602™  0379° 0.530 ™
0620 05747 05367 05757

0.662 "  0.391° 0.508
0.528 "  0.614™
0.608 ™
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Table 2. The results of run time at the end of each section among three groups. The time difference (Time diff) the
between High and Middle groups was described as the H-M, between Middle and Low groups as the M-L, and
between High and Low groups as the H-L. Time diff was calculated if mean run times between two groups were
significantly differed.

Group Section 1 (sec.) Section 2 (sec.) Section 3 (sec.) Section 4 (sec.) Section 5 (sec.) Section 6 (sec.)
High (n=10) S L S e R /10 R O T s A 2 74 5 R 012 O e S 7 O O =R 00 O e 4353 S = OIS O SIS == ()29 e
Middle (n=9)  10.64 =+ 0.15 ° 21.62 + 026 ° 2778 + 032 ®™ 3857 + 031 * 4411 + 029 5254 + 032
Low (n=10) 10.86 =+ 0.18 22.03 =+ 0.23 28.41 =+ 0.26 39.39 + 0.29 45.04 + 031 53.63 =+ 0.32

H-M: - - 0.33 0.67 0.77 0.86
Time diff M-L: 0.23 0.41 0.64 0.82 0.93 1.09
H-L: 035 0.80 0.96 1.49 1.70 1.96

Significant difference at p<0.01 level, * High versus Middle, *® Middle versus Low, < High versus Low, and at p<0.05
level, ® High versus Middle, * Middle versus Low, ¢ High versus Low.
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Table 3. Results of the interval times (s), the correlation coefficient between interval time and the total time (r),

between the interval time and the time of previous interval (r Int. -1), and percentages of the number of interval time

correlating to the total time in each section and to total section (%). The gate settings are described as open gate (OG),

hairpin combination (HC), vertical combination (VC) and delay gate setting (DG), respectably.

Interval 1~2 2~3 3~4 4~5 5~6 6~7 7~-8 8~9 9~10 10~11 11~12 12~13 13~14 14~15 %
Setting 0G oG oG 0G HC HC oG oG oG oG oG vc vC oG
Time (s) 0.87 0.83 0.84 0.87 041 0.86 0.84 0.93 0.81 0.87 0.78 0.43 0.45 0.91
Section 1 SD 0.01 0.03 0.03 0.03 0.02 0.03 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.04 714
T 0.519%*  0.513**  0.599** 0.568** 0.549**  0.457*  0.616%* x 0.557%*  0.447*  0.517** X x x
1 Int.-1 - 0.462*  0.616** X 0.400*  0.452* x x x 0.507**  0.636**  0.396* x 05505
Interval  15~16 16~17 17-18 18~19 19-20 20~21 21~22 22~23 23-24 24-25 25~26 26~27 27~28 28~-29 29~30 %
Setting. oG oG oG oG oG oG oG oG oG oG vC vC vC oG oG
Time (s) 0.76 0.76 0.78 0.79 0.79 0.80 0.76 0.78 0.76 0.78 0.38 0.56 0.39 0.92 0.98
Section 2 SD 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.05
T 0.402*%  0.593**  0.666** 0.519%* 0.710** 0.587**  0.464* x x 0.446% 0.411* x x x 0.615%* 667
rInt.-1 X 0.562**  0.425*  0.515**  0.384* 0.764** 0.656** 0.541** 0.742** 0.520** x X x x x
Interval ~ 30~31 31~32 32~33 33~34  34-345 34.5-35 35-36 36-37 %
Setting 0G oG oG 0G DG DG 0G oG
Time (s) 0.96 0.91 0.84 0.63 0.42 0.90 0.69 0.87
Section 3 SD 0.05 0.04 0.02 0.02 0.02 0.03 0.03 0.03 875
T 0.645%*  0.568**  0.673** 0.564**  0.369* x 0.463*  0.573**
rint-1  0.558** 0.710** 0.588** 0.698**  0.458* x x 0.636%*
Interval  37~38 38~39 39~40 40~41 41~42 42~43 43~44 44~45 45~46 46~47 47~48 48~49 49~50 %
Setting oG oG oG oG oG oG 0G oG oG oG oG 0G oG
Time (s) 0.86 0.85 0.85 0.86 0.80 0.81 0.77 0.77 0.66 0.80 0.88 0.96 0.86
Section 4 SD 0.03 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.04 0.03 023
T 0.578**  0.501** 0.714**  0470* 0.745%* 0.685** 0.822%* 0.570%* 0.499** X 0.452%  0.544%*  0.728**
1Int.-1 0.393*  0.432*  0.784** 0.514**  0.529** 0.571** 0812** 0.463* 0.569** 0.586**  0.460* 0.667** 0.722**
Interval  50~51 51~52  52~52.5 52.5~53 53~54 54~55 55~56 %
Setting oG oG DG DG oG oG oG
Time (s) 0.88 0.81 0.46 0.85 0.91 0.81 0.83
Section 5 SD 0.03 0.04 0.02 0.03 0.03 0.03 0.02 571
T 0.629%*  0.483**  0.412* x x x 0.535%* o
rlnt-1  0.655** 0.628** 0.497** X x x 0.384*
Interval  56~57 57~58 58-59 59~60 60~61 61~62 62~63 63~64 64~65 65~66 66~67 67~68 %
Setting 0G oG oG 0G oG vC vc oG oG oG oG 0G
Time (s) 0.74 0.78 0.89 0.80 0.81 0.41 043 0.83 0.74 0.63 0.78 0.61
Section 6 SD 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.03 533
T X 0.446%  0.665**  0.752%*  0.676%* 0.478**  0.604**  0.630%* X X x X
1Int.-1 x 0.547**  0.635%*  0.556**  0.650** 0.634** x 0.564%*  0.727**  0.655**  0.792**  0.422**
%
Total 72.5

** p<0.01, * p<0.05.
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Figure 4. The variation of the interval time in each section from three groups. The interval time was defined as the time
between each gate. All subjects were divided into three groups based on the official result: High (Red solid line: Rank
1~10), Middle (Green bar line: Rank 11~20), and Low (Black dotted line: Rank 21~30). Gate setting was described
as hairpin combination (Shaded area: HC), vertical combination (dot area: VC), and delay gate (grid area: DG).
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Figure 5. The variation of sum of interval time in each section from three groups. All subjects were divided into three
groups based on the official result: High (Red solid line: Rank 1~10), Middle (Green bar line: Rank 11~20), and Low
(Black dotted line: Rank 21~30). Gate setting was described as hairpin combination (HC: Shaded area), vertical

combination (VC: dot area), and delay gate (DG: grid area).
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Table 4. The results of mean interval time ranking for all intervals (Mean + SD) and number of first place of interval

time ranking (Number of rank 1) for all interval.

Athlete Rank1 Rank? Rank3 Rank4 Rank5 Rank6 Rank7 Rank8 Rank8 Rank 10  High
Mean 78 9.0 83 10.7 10.2 1.2 113 L7 11.5 106 102 =<
sD 7.8 8.1 6.1 7.1 7.8 7.0 6.4 7.8 7.0 69 72
Number ofrank1 12 16 3 5 6 b 1 4 3 3 6
Athlete Rank 11 Rank 12 Rank 13 Rank 13 Rank 15 Rank 16 Rank 17 Rank 19 Rank 20 Middle
Mean 12.3 13.0 12.7 12.6 13.6 13.3 15.5 17.0 17.9 Wi U
SD 6.6 7.2 7.8 7.1 7.8 8.3 72 7.7 7.0 7.4
Number of rank 1 1 4 2 2 1 5 0 0 1 2
Athlete Rank 21 Rank22 Rank 23 Rank24 Rank 25 Rank 26 Rank 27 Rank 28 Rank 29 Rank 30 Low
Mean 18.8 17.6 19.4 18.3 19.4 18.7 194 201 2.2 207 195
sD 7.5 7.9 59 76 7.3 7.9 74 8.0 6.8 73 14
Number of rank 1 1 1 0 1 0 0 0 0 0 1 0

Significant difference at p<0.01 level, ® High versus Middle, *® Middle versus Low,  High versus Low.
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Figure 6. The variation of the interval time ranking at each interval from three subjects. Three subjects from three
groups were analyzed based on the official result as Rank 1 (Red solid line), Rank 15 (Green bar line), and Rank 30
(Black dotted line). Gate setting was described as hairpin combination (HC: Shaded area), vertical combination (VC:

dot area), and delay gate (DG: grid area).
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Figure 7. The variation of the instant ranking at each interval from three subjects. Three subjects from three groups
were analyzed based on the official result as Rank 1 (Red solid line), Rank 15 (Green bar line), and Rank 30 (Black
dotted line). Gate setting was described as hairpin combination (HC: Shaded area), vertical combination (VC: dot

area), and delay gate (DG: grid area).
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Figure 8. The scatter graphs of the interval time and the total time during the interval 43-44 (upper), 26-27 (lower left),
52.5-53 (lower center) and 64-65 (lower right). The time from interval 43-44 scored the highest correlation to the total
time in this study (r = 0.822, p < 0.01). The gate setting at interval 43-44 was the open gate, at 26-27 was the vertical
combination, at 52.5-53 was the delay gate, and at 64-65 was the open gate before goal.
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