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Abstract
Objective: To investigate the specific performance of biomechanical indicators
such as center of mass velocity, center of mass height, ground reaction force, and
lower limb joint moments in male pole vaulters of different performance levels,
attempting to understand the overall characteristics of athletes at different levels
and to identify the features of the transition between approach run and takeoff
in high-level athletes.

Methods: A large-scale three-dimensional motion capture system and three force
plates were used to collect kinematic (200 Hz) and ground reaction force (2,000
Hz) data from elite male pole vaulters, and the biomechanical indicators of 5
first-level athletes, 4 master athletes, and 3 international master athletes were
analyzed and compared. Non-parametric independent samples Mann-Whitney
U one-tailed tests were employed for pairwise comparisons of the same biome-
chanical indicators among the international master athlete group, master ath-
lete group, and first-level athlete group, while non-parametric paired samples
Wilcoxon signed-rank one-tailed tests were used for pairwise comparisons of the
corresponding biomechanical indicators among the second-to-last step, last step,
and takeoff for all athletes.

Results: Significant differences were found in biomechanical indicators such as
center of mass velocity, center of mass height, ground reaction force, and lower
limb joint moments during the last two steps of approach run and takeoff among
pole vaulters of different levels; significant differences also existed among the
corresponding biomechanical indicators of the second-to-last step, last step, and
takeoff.

Conclusion: Based on the data from this study, male pole vaulters exhibited
biomechanical characteristics that varied with performance level, with indica-
tors such as center of mass velocity and ground reaction force in international
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master athletes reflecting their superior athletic capabilities. The significant
differences in corresponding biomechanical indicators including center of mass
velocity, center of mass height, and ground reaction force among the second-to-
last step, last step, and takeoff reflect the technical transition characteristics of
pole vaulting, demonstrating the kinematic and kinetic features of the transition
from approach run to takeoff in pole vault.

Full Text
Preamble
We consider the standard supervised learning framework where the goal is to
learn a predictive function 𝑓 ∶ 𝒳 → 𝒴 from a training dataset 𝒟 = {(𝑥𝑖, 𝑦𝑖)}𝑛

𝑖=1.
The learning problem is formulated as empirical risk minimization, where we
seek parameters 𝜃 that minimize the objective function:

𝐿(𝜃) = 1
𝑛

𝑛
∑
𝑖=1

ℓ(𝑓(𝑥𝑖; 𝜃), 𝑦𝑖) + 𝜆𝑅(𝜃)

Here, ℓ(⋅, ⋅) denotes the loss function measuring prediction error, while 𝑅(𝜃)
represents a regularization term with weight 𝜆 ≥ 0 to control model complexity.

The optimization problem is formally defined as:

𝜃∗ = arg min
𝜃∈Θ

𝐿(𝜃)

subject to the following constraint on the hypothesis space:

Ω(𝜃) ≤ 𝐶

where Ω(⋅) quantifies model capacity and 𝐶 is a predefined complexity budget.

The expected generalization error under the true data distribution 𝒫 is given
by:

𝔼(𝑥,𝑦)∼𝒫[ℓ(𝑓(𝑥; 𝜃∗), 𝑦)]

During optimization, we employ stochastic gradient descent with the following
parameter update rule:

𝜃𝑡+1 = 𝜃𝑡 − 𝜂𝑡∇𝜃𝐿(𝜃𝑡)

where 𝜂𝑡 > 0 is the learning rate at iteration 𝑡.
Convergence is declared when the gradient norm satisfies:
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‖∇𝜃𝐿(𝜃𝑡)‖2 ≤ 𝜖

for some small tolerance threshold 𝜖 > 0, indicating that the optimization has
reached an approximate stationary point.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.
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