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Assessment of baton-exchange technique in 4 x100m Relay
— Toward Tokyo 2020 Olympic Games: a case study —
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Abstract : This study described the case application of video analysis for the baton-exchange practice
of Japanese men's athletics 4x100m relay team toward the Tokyo 2020 Olympic Games, assessing
the team's baton-exchange technique. The study also verified the relevance of various indices related
to baton-exchange technique and discussed the challenges in future analysis. The passer and receiver
were filmed from the side, then their sprinting time and velocities were measured every 5 meters.
Some indices relevant to baton-exchange technique were also calculated, e.g., 40m time, from the
passer entering into the takeover zone to the receiver passing the point 10m ahead of the zone exit;
acceleration of the receiver; baton-exchange duration; baton-exchange position; free distance. The
data suggested the team had a high standard of baton-exchange technique. It also indicated that the
acceleration of the receiver is important, that shortened baton-exchange duration might not necessarily
be required for receiver’s successful acceleration, and that the running speed adjustment of passer
toward baton exchange and the free distance should be assessed comprehensively considering various
factors such as the approach of passer to the receiver. For appropriate interpretation, it appeared
essential to carefully check the data and its situation in detail for each trial. Several issues remain to

be tackled in future analysis, with further data collection.
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Figure 1. Schematic of video recording. Cameras (white) were placed at the circular centers of the track so that the
sagittal view of the sprinters on the curves could be recorded. Additional cameras (gray) were also used to cover the
straight section of the track.
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Figure 2. Typical sample of the movie recorded, overwritten with schematic diagram of time and position analyses.
Marks, placed every 5 meters along the curb, indicates the position on the track as the distance from the entrance of
takeover zone. The passage of the sprinters at the mark positions was determined based on their top edge of sternum
crossing the vertical line beside the marks. Marks were also used for determining the position of sprinters (by 0.1m)
at the moments of baton contact and release.
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Table 1. Statistic and representative trial values of parameters

[s] [s] [m/s] [s] [m] [m]

Mean 3.780 1.878 1043 0.338 17.7 1.2
Standard deviation 0.065 0.044 0.22 0.121 2.8 0.2
Maximum 3.919 1.985 10.78 0.621 237 15
Minimum 3.695 1.799 9.97 0.192 123 0.9
Individual trial with

minimum 40m time 3695+ 1.799 < 10.18 0.196 21.2 13

maximum receiver velocity 3.760 1.879 10.78 4 0.442 15.6 12

minimum baton-exchange duration 3.808 1.896 10.40 0.192 15.8 12

maximum free distance 3.804 1.849 997y 0.204 2374 154

maximum 40m time 39194 19854 10.16 06214 123y 1.1

Definition of the parameters: 40m time, from the passer entering into the takeover zone to the receiver passing the point 10m
ahead of the zone exit; 20m time, from the passer passing the point 10m ahead of the zone entrance to the receiver exiting from
the zone; Receiver velocity, the mean velocity of receiver on 10m section from the takeover zone exit; Baton-exchange duration,
from baton contact to the receiver’s hand to its release by the passer; Baton-exchange position, the position of receiver at the
moment of baton contact, as the distance from the entrance of takeover zone; Free distance: the distance between passer and
receiver at the moment of baton contact. Superscript and subscript triangles represent that the marked values are maximum or
minimum among all success trials. Some trianglemarks are filled in with black, whose value might be detrimental for desirable
baton exchange.
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Figure 3. Change in average velocities of passer and receiver during baton exchange. Plots and bars represent mean
and standard deviation, respectively.
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Table 2. Correlations of 40m and 20m time with other

parameters.
Parameter Correlation (r)
40m time 20m time
Receiver velocity -0.552* -0.260
Baton-exchange duration 0.154 0.437
Baton-exchange position -0.317 -0.666 *
Free distance -0.392 -0.573*%

* denotes significant correlation. For definition of the parameters,

see the caption in Table 1.
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Figure 4. Scatter plots between key parameters examined in this study. * denotes significant correlation. For definition
of the parameters, see the caption in Table 1.
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Figure 5. Change in velocities of passer and receiver during baton exchange in representative trials: A, trial with the

minimum 40m time; B, trial with the maximum receiver velocity; C, trial with the minimum baton-exchange duration;

D, trial with maximum free distance; E, trial with the maximum 40m time. Light thick lines represent the range of

baton-exchange, i.e., from baton contact to the receiver’s hand to its release by the passer. Gray dotted lines represent

the mean velocities of passer and receiver for all success trials in this study. For definition of the parameters, see the

caption in Table 1.
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