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Evaluation of change in the speed during straight and curve skating and the excess
distance during curve skating in speed skating using a digital video camera
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Abstract:This study aimed to investigate and assess the validity of a method to evaluate the change
in the speed during straight and curve skating and the excess distance during skating the curved
section in speed skating using only a digital video (DV) camera. In the 500 m races for men at
national speed skating competitions, 27 skaters were captured by a DV at 60 frames/s, and by a local
position measurement (LPM) system at 60 frames/s, which could automatically identify the skater’s
trajectory. The change in the speed during each of the straight and curve skating measured by the DV
was calculated from the number of frames between the adjacent landmarks on the track. The excess
distance during skating the curved sections was calculated by the difference between the official lane
distance and the real skating distance, which was estimated from the average speed in the second half
of the straight section just before the curved section and that in the first half of the straight section just
after the curved section. These parameters measured by the DV were compared with those measured
by the LPM using the Bland-Altman analysis. Significant correlations were observed for the changes
in the speed during skating through all the straight and curved sections between the DV and LPM.
Additionally, significant correlations were also observed for the excess distance during skating the
curved sections except for the first inner-lane curved section between the DV and LPM, and the
correlation coefficient was particularly large for the second inner-lane curved section. These results
indicate that it is possible to evaluate the changes in the speed during straight and curve skating and
the excess distance during skating the curved sections, except for the high acceleration phase just

after the start using only the DV.
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Fig 1. Waypoints and sections on the track. C1, CS, C2, and FS indicate first curve, crossing straight,

second curve, and finishing straight, respectively.
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Fig 2. Example of Bland-Altman plot for changes in the
speed in the first curved section for inner-lane start (IN)
and outer lane-start (OUT). The solid and dotted lines
indicate +£2SD in IN and OUT, respectively.
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Table 1. Average speeds (m/s) in each straight section measured by the DV and LPM, and correlation coefficients,
coefficients of regression equation, 95% confidence intervals (CI) of residual, and coefficients of Bland-Altman (BA)
analysis between the methods. FSsi1, CSt, CSs, FSt2, and FSs2 indicate the second half of the finishing straight section
in the first lap, first and second halves of the crossing straight section, and first and second halves of the finishing

straight section in the second lap, respectively.

DV LPM Correlation Slope, Intercept 95% CI BA analysis

FSy  13.61 £0.19 13.57 £0.18 =094 (p<0.01)  0.88, 157 0.01~0.09 =020 (n.s.)

nnerdane  CSt 1599 £0.19 1594 £0.19 =098 (p<0.01) 094, 0.95 0.02~0.07 r=0.19 (ns.)
start CS, 1610 £0.17 1609 £0.17 =097 (p<0.01) 098, 024 -0.01~0.04 r=0.05 (n.s.)
(n=12) FSp  15.95 £0.22 1591 £021 =098 (p<0.01) 097, 039 0.01~0.06 r=0.07 (ns.)
FSy  15.88 £0.28 1573 £027 =098 (p<0.01) 096, 051 0.11~0.18 r=0.10 (n.s.)

FSq  13.51 £0.20 1345 +020 =097 (p<0.01)  1.01, -0.19 0.03~0.09 r=-0.16 (n.s.)

Outerdane  CSt 1607 £0.19 1600 £0.17 =095 (p<0.01)  0.86, 225 0.04~0.11 =030 (n.s.)
start CS, 1613 +0.19 1609 £020 =098 (p<0.01)  1.02, -0.33 0.01~0.06 r=-0.19 (n.s.)
(n=15) FSp 1573 £0.24 1570 £023 =098 (p<0.01) 094, 0.92 0.00~0.06 r=0.18 (n.s.)
FSo  15.63 £0.28 1553 2029 =098 (p<0.01)  1.00, -0.04 0.06~0.13 r=-0.09 (n.s.)
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Table 2. Changes in the speed (m/s) in each section measured by the DV and LPM, and correlation coefficients,
coefficients of regression equation, 95% confidence intervals (CI) of residual, and coefficients of Bland-Altman (BA)
analysis between the methods.

DV LPM Correlation Slope, Intercept 95% CI BA analysis
cl 237 £0.26 135+021  r=0.81 (p<0.01)  0.67, -024 092~ 112 r=031 (n.s.)
I““;;'rlta“e cs 0.11 £0.14 0.19 £0.16  r=0.81 (p<0.01)  0.92, 0.09 -0.14~ -0.02 r=-0.22 (n.s.)
(-12) c2 -0.15 £0.19 -0.02 £0.16  r=0.82 (p<0.01)  0.70, 0.09 -0.21~ -0.06 r=0.26 (n.s.)
FS -0.07 £0.10 033 £0.15  r=0.78 (p<0.01)  1.14, -025 0.19~ 032 r=-0.53 (ns.)
cl 2.56 +0.14 153 £0.18  r=0.70 (p<0.01)  0.88, -0.73 096~ 1.11 r=-0.30 (n.s.)
O“ts‘z;'rlta“e cs 0.05 £0.10 0.11 £0.15  r=0.62 (p<0.05)  0.95, 0.07 -0.13~ 0.01 r=-0.49 (n.s.)
(=15) 2 -0.40 £0.12 023 £0.11  r=0.58 (p<0.05)  0.52, -0.02 -0.23~ -0.11 r=0.12 (ns.)
FS -0.10 £0.12 029 £0.14  r=0.62 (p<0.05)  0.73, -022 0.13~ 026 r=-021 (ns.)
Cl CS
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2 16 Z 06 -
E g
s @ =
B4 A 04
2 S
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= =
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o 08 L OUT©-):y=088x-0.73 T -0 OUT(O -+): y = 0.95x + 0.07
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Fig 3. Relationships between change in the speed (m/s) measured by the DV and that measured by the LPM in
each section.
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Table 3. Excess distances (m) during skating through each curved section measured by the DV and LPM, and
correlation coefficients, coefficients of regression equation, 95% confidence (CI) intervals of residual, and coefficients

of Bland-Altman (BA) analysis between the methods.

DV LPM Correlation Slope, Intercept 95% CI BA analysis

Inner-lane Cl
start
(n=12) C2

0.06 £0.79 2.44 £0.50 =0.57 (n.s.) - - -2.81~ -1.94 r=0.50 (ns.)

1.19 £0.53 1.23 £0.34 r=0.68 (p<0.05) 0.45, 0.69 -029~ 022 r=0.52 (ns.)

Outer-lane Cl
start
(n=15) €2

-1.36 £0.71 1.08 £0.44 r=0.59 (p<0.05) 037, 158 -276~ -2.11 r=0.53 (p<0.05)

3.15 £0.80 2.88 £0.85 r=0.94 (p<0.01) 1.00, -0.29 0.11~ 044 r=-0.19 (ns.)

Cl C2

IN(M): £ = 0.57, ns. OUT(O-+): y = 1.00x - 0.29 o

r=0.94, p<0.01

~

OUT(O-+):

y=037x + 1.58
o r=0.59, p<0.05

)
o

Excess distance by LPM (m)
o
Y & T
u
Excess distance by LPM (m)

_.
]

IN(H—): y=0.45x + 0.69
r=0.68, p<0.05
-1 - 0 : : . . !
-3 -2 -1 0 1 2 0 1 2 3 4 5

Excess distance by DV (m)

Excess distance by DV (m)

Fig 4. Relationships between excess distance (m) measured by the DV and that measured by the LPM in each
curved section.
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Fig 5. Example of the longitudinal assessment for
average speed in each section using the DV: a)
traditional method and b) original method. JSD and
WC indicate 25th Japan Single Distance
Championships and 2018 ISU World Cup in
Obihiro, respectively.

Table 4. Example of the longitudinal
assessment for change in speed and the
excess distance in each section using the

DV.
JSD wC
Cl 2.62 2.46
Change in speed ~ CS 0.08 0.08
(m/s) C2 041 -0.51
FS -0.01 0.31
Excess distance ~ Cl -1.54  -1.58
(m) C2 3.00 1.69
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